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invention relates to circuit arrangenents for controlling the power; SEp 2006
provided to a load and in particular, to dinmrer circuits for controlling,
for exanple, the lumnosity of a light or the speed of a fan. BACKGROUND
TO THE | NVENTI ON Di nmer circuits are used to control the power provided to
a load such as a light or electric nn&or froma power source such as

mai ns. Such circuits often use a technique referred to as phase controlled

di mming. This allows power provided to the load to be controlled by

varyi ng the anount HR%E&&IW%QBECQ@WMBWE%ENEM to the power
source is conducting during a given cycle. For exanple, if voltage provided
by the power source can be represented by a sine wave, then maxi mum power

i's proviggdhactaheriag 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

sour ce iBhit irarstienrrethtéstotdieuiteachngeindmet@wonaiollirgs therpederofiovided @ a
portion of each cycle (both positive and negative), then a proportional
amount dbad heddi pertiger, te dshmes cirgeity farsentiodéing, foneemerleodg lurhpesity

reduci ng t he average ener provided to the 1|oad. For exanple, if the
switch i%fatqﬁﬁlﬁéﬁtggsﬁ?ﬁﬂie?f?%/faﬁhlf way through each cycle, then only half of

the power will be transferred to the | oad. Because these types of «circuits
are often used with resistive |oads and not inductive | oads, the effect of

repeat edt NCR@HEOTINT TONTRMINOVENPOWRr W I | not be noticeable as the
resistive load has an inherent inertiato it. The overall effect will be,

for exarnpiremiencirbidtcasasefl ta cbonghl thegpovsergohidtidho igadsticbes péighitvrng i n
the control of the lumnosity of the light. This _technique will be well
under st GBertHy mater oy amoriarispetreisych s pgins. 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 sine 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 dimming 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 Such circuits usually consist of two parts, the first being a part to
control the rate of rise of |oad voltage at each main half cycle.q'lf_ht-‘-,‘_:P 2008
second part is used to control the |load current provided to the | dad A a4t
the use of a control switch. Various nmeans are used to synchronise the
action between these two parts, sone nore conplex than others.
Traditionally, the synchronisation is &chieved by a central control block
whi ch senses various paraneters of the“first part, determ nes when the
second part should cone into action and then upon such deterni nation,

provi deSuck eirtuiss usiajlyatansiss of Hieo patsnidefipt baing egmrt 1 canteol $bg ratn of Thi s

[ it confi ti [ , bot.h in. desi d

ol emeAROY BR TP Atcas AR Daf6 ML Lhp AL a et SRR ED el Mesi gn can
ead 03] a0 EAT RAVIANGS 114l G0 b PY HRAUTAGHULE and an increased
reliabi ity in 1 function o he - final product. Srmlar considerations

to each \paldusQhedidenré 68 td s GR0ARPNe ARbrATBWeLAPhdskitGRL pa38s, kOmeany of
the circuit blocks can lead to simlar benefits. Accordingly, it is an

obj ect @hotchenpsles éntn diheen fraditiboalby, dhi denchrdiisation ¢$ adueted ly raagzaent
which results in a sinplified design. SUVWARY OF THE | NVENTI ON According to
the presentrol hlpsktwlah sensep arigup paiaradigrsoidhatisst Ratk deterniipes wosnrtbe| i ng

t he deli f .load, th i i i,t. including; fi
cont rof b pertBRaRtedshes b Afion AR Fhi Bpf e Gk hodtbi Prgd® are o
rise of wolt,ag aLQ8e g&%ﬂhq%gi to &J}Qrcﬁ.t@@mnalgqﬁg ERbuif F&g&gﬁra&ite{us

control Il ng a Second switc ereln sal secon contro cul 1S
cont r ol lsgehelyhag @bshpléx, Hotle andéREn ahdGuiplemBh@tionabl y, the first switch and

the second switch are separated by a rectifying circuit. SEP 2006
In devices that are mass produced, simplicity of design can lead to significant
savings in cost during manufacture and an increased reliability in the function of the

final product.

Similar considerations to each part of the circuit also apply and any simplification to

any of the circuit blocks can lead to similar benefits.

Accordingly, it is an object of the present invention to provide a dimmer circuit

arrangement which results in a simplified design.

SUMMARY OF THE INVENTION

According to the present invention, there is provided a dimmer circuit for controlling
the delivery of power to a load, the dimmer circuit including: a first control circuit
for controlling a first switch for controlling a rate of rise of voltage across the load;
and a second control circuit for controlling a second switch; wherein said second

control circuit is controlled by said first control circuit.

Preferably, the first switch and the second switch are separated by a rectifying

circuit.



3 Preferably, the second control circuit is controlled by said first

control circuit via the rectifying circuit. Preferably, the secqngAqumhgg
circuit obtains control signals fromthe first control circuit By’ sénsi“ny
a voltage across said rectifying circuit. Preferably, the second control
circuit is actuated upon sensing that said voltage falls below a pre-set
vol tage threshold. Preferably, said prg-set vol tage threshold is determ ned
by a zener diode. Preferably, the pre-5Set voltage threshold is set to
exceed a conduction voltage level of said first switch. Alternatively, the
second dbnferablycihecerondperirolsivaiitis 6pnispYerdbs stiddinst pentrelradicuétorie tg
circuit by sensing.a current through the rectifying circuit. Preferably,

t he sec&ﬁé IME FSfUEircuit is actuated upon sensing that the current rises

above a - r . fer . fel i Lsyan | GBT
power séﬁ%%%%@%éﬁ%ﬁ%ﬁagéé?é?ggﬁ§£hﬁﬂ%gégggﬁh¥gﬁéﬁgﬁf#gﬁgh€$¢%%BnE?éferably,
the secoi@ufaift sedkirG 4 GHitdgcCRNbIsHasd tdreifpigeeneuswi tch to control the |oad
current provided to the load. Preferably, the dimer circuit is a |eading
edge phase control dinmmer circuit. 4 BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1 shows a first enbodi nent of the dimer circuit of the present

i nvent i direfergblyuthe seeamdarntap! cirquélin aciuptechrpam gemeng thett seisbveltagedalont r ol
circuit %ﬁrtion of Fijgurei 1§; Fiigure 3 shows a current switch control
circuit RARWR REysehsolidea™uEshaldal t ernative to the voltage switch contro

circuit of Figures 1 and 2;

Preferably, said pre-set voltage threshold is determined by a zener diode.

Preferably, the pre-set voltage threshold is set to exceed a conduction voltage level of

said first switch.

Alternatively, the second control circuit obtains control signals from the first control

circuit by sensing a current through the rectifying circuit.

Preferably, the second control circuit is actuated upon sensing that the current rises

above a pre-set current threshold.
Preferably, the first switch is an IGBT power semiconductor.
Preferably, the second switch is a triac.

Preferably, the second control circuit controls the second switch to control the load

current provided to the load.

Preferably, the dimmer circuit is a leading edge phase control dimmer circuit.



Figure 4 shows a sinplified block diagramof the circuit of Figure 1; and
Figure 5 shows an alternative arrangenent for the inpedance | oad inbal ance
detector portion of Figure 1. DETAILED DESCRI PTI ON OF THE PREFERRED .:-\, oo0n
EMBCDI MENT A preferred circuit design of a 2-wire, |eading edge éhasé* £l
control light dinmer/ fan speed controller is shown in figure 1. The
design shown in figure 1 is particularly effective inthat it is

el ectromagneti c conpati ble (EM conpliant). This refers to the anount of

el ectromagnetic interference %EI\/I) is generated by the circuit. The
armount d?rfﬂﬁgd?@fq:%?ﬁ@%%gd @Rﬁwg circuits due to the high frequency

swtching of the circuit is heavily regulated and such circuits nust not
exceed the regulated level of EM. The circuit design of figure 1 controls

the | evel;,Q { F%ﬂ Q%&&te%%&ﬁnhé‘@oﬂl{ec&&&ﬁm& ama%f e Vgag@r&%vafudwe rate

rise o tage at each main half cycle sem conductor in

t h? for fﬁlgﬁreallsli(ﬁ?g ah altegedive et rdne ey ﬂﬁthe(lmacfbﬂtrbmﬂhﬁﬂplortﬁﬁ&ﬁm at ed
drive control circuitry is connected to the DC side of a diode bridge to
al | ow cdiignd Lof polarities of mains voltage. A power triac is used to

handl e the | o d current once the | GBT has p orrre the, re red sl ow
swi t chi Ag8eifeshms a FarIent syiiehsons m’al.ﬂ's‘éfﬁﬁiltmaﬁ gdsed @ A ﬁ{lfﬂméi‘fﬁce it

has an qn t 1 GBT/ bri dge conducti on
vol t ageQ[ fﬁ%%ﬁa %&ﬁgQﬁ&WI@ﬁﬂ?%ﬁdﬁmgfl I'gdre 1 can be separated into
the fol 'qulﬂzgaz BhARKE simplifi@bMRk aRCoP@WRircliti If FiguiRi aMal t age zero
cross detector - pomer up drive inhibit

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 controller 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
amount of electromagnetic interference (EMI) that is generated by the circuit. The
amount of radiation generated by dimming circuits due to the high frequency
switching of the circuit is heavily regulated and such circuits must not exceed the

regulated level of EML

The circuit design of figure 1 controls the level of EMI generated by the circuit via
active control of the rate of rise of load voltage at each main half cycle. A power
semiconductor in the form of an IGBT is used for this function. The IGBT and
associated drive control circuitry is connected to the DC side of a diode bridge to

allow control of polarities of mains voltage.

A power triac is used to handle the load current once the IGBT has performed the
required slow switching function. This reduces power dissipation to a minimum
since it has an on-state voltage lower than that of the IGBT/bridge conduction

voltage.



- control timng - |GBT gate drive Power for the I GBT control circuit is
derived frommins via the load, in each half cycle during the tine IOQ(L’
before | GBT operation commences, ie. while mains voltage appea#SJ S6F 08t

the dinmrer. Overall current consunption is |ong enough to allow the use of
a relatively | ow dissipation resistive chain provided by Rl, R2, R4 and
R5. A snoot hing capacitor, C9 stores enough charge provided at the start of
each half cycle to provide circuit cur?’rent for the remaining period, with
relatively low ripple voltage. Excess supply current is shunted by voltage
regul ating zener diode DZ1 wth the resultant of nom nal DC power rail of

15 volts arran rovi des th | ow, v rail bl ock
r ef erredTh%{qcléH&BQJéculﬁ' 1%‘&’(%]38 P¢ separaterld H‘E}‘@gg ]g%‘g&ﬁlﬁ?%?%set s the control
timng circuit o%%ﬁageeﬁdn?owg{?{a% detail below) in each half cycle after

| oad current comences allowed to start again when mains

vol t age reappeah%iﬁc%%ge & C@bgsqwtéctbfl the follow ng half cycle. For
resistive loads this w correspond to nmins voltage zero crossing. For

i nductive | oadsphoweuerdritdinhileiorresponds to | oad current zero crossing,
whi ch occurs | ater than mains voltage zero crossing. Transistor Q2 with its
emtter connect é@"dif@“llrﬁ@@c rail, has its base driven by the power supply
vol t age dr oppi nﬂ(ééi f chain described above. The col | ector pul I's

"sync" hi gh wvihe BAtHE" v%l tage across the dimer circuit is below the DC
rail voltage. Conversely, when mains voltage exists across the di mer
circuit, transistor @ base emtter junction is reverse biased, preventing

the col llegker f HROIEBT kbAGoL@rcudbis AerivaFomndk ivitgtHellbad tihnsack talfl v

current is delivered to the DC rail via base-emtter shunting diode D4.
cycle during the time period before IGBT operation commences, ie. while mains
voltage appears across the dimmer. Overall current consumption is long enough 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 to provide circuit current for the remaining period, with relatively low
ripple voltage. Excess supply current is shunted by voltage regulating zener diode

D71 with the resultant of nominal DC power rail of 15 volts. This arrangement

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

The mains voltage zero cross detector resets the control timing 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
crossing. For inductive loads however, this corresponds to load current zero

crossing, which occurs later than mains voltage zero crossing.

Transistor Q2 with its emitter connected to the DC rail, has its base driven by the
power supply voltage dropping resistor chain described above. The collector pulls
“sync” high whenever the voltage across the dimmer circuit is below the DC rail
voltage. Conversely, when mains voltage exists across the dimmer circuit, transistor

Q2 base emitter junction is reverse biased, preventing the collector from pulling up.



Reset of the controlled timng capacitor C7 is perforned by discharge
transistor Q12, which is driven by limting resistor RR1 from"syng'
output of . Transistor QL2 has base-emtter bypassed resistor | - it
capacitor C6 to reduce off-state | eakage and to enhance EFT inmunity. The
function of the power-up drive inhibit block is to inhibit the operation of
the dimmer circuit for the first few pain half cycles at power-up by
tenporarily by- passing the control tiring capacitor C7 charging current.
This is required to enable correct operation of the soft-start mechani sm
whi ch r dPuaBg ohis fimestpplyicsrsat balelivsreditethedperai véa basq-grttepruringm) |

capaci E%[. gl effectively connected to the DC rail, provides a current via
di ode ipde i ve di scharge transistor QL2 during the period while the
rail is rising at power-up. Blocking diode D3 isolates Cl1 from QL2 drive

circuit once ClL has becone conpletely charged after the power-up event.
Resi st orRds8t bhgeeahirelled ehvies capahieddCCh pedfdrited b ckhgegathssiat @12, n

addition to providing a discharge path at power off. The control timng
bl ock i swhisbds tlovpn byilteitingredistordt2Zidirondisynei ohtpuned 2 Yrawistoaidg vol t age
ripple injection. At the start of ch mains half cycle, timn apaci tor
C7 char & baperermitasy pasge f?ﬁ%%ﬁgiélﬁ‘#éﬁ]?aqlﬁ%% fﬁ)gregé%@ @ﬁfﬁﬁ%te%%ﬁ%a R7. A
ref erence vtoletﬁ%e dﬁ%ﬁr.lm' nelgl1 by zener diode DZ4, sourced by resistor R39,
is used aéléi Y P&ee FHESHS 5Y‘I evel for termnating the timng process.
The voltage on the positive side of C7 nust always reach a |evel of
approxi mately two di ode drops above this reference |level, as determ ned by
seri es cdwecittdn df ddepdbenng drivanishiitioblocl js ioninbildethetapdratidn af thel GBT
operation. At the pre-defined threshold voltage, the timng capacitor
char gi nglimguer @ntuit for dhe Brt dewviroainahbeysiasrat QPWer-u g tempowpey #e the | GBT
v oo B 0o o St £ crRh Yurdchl i ATk ol 2Shbikt 2t o

correct operation of the soft-start mechanism, which relies on an established DC

voltage reference to function. A small capacitor Cl, effectively connected to the DC

rail, provides a current via diode D3 to drive 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 completely charged after the power-up event.

Resistor R8 thereafter serves to hold C1 in the fully charged state, in addition to

providing a discharge path at power off.

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

mains voltage ripple injection.

At the start of each mains half cycle, timing capacitor C7 charges via mains/load
through current limiting resistors R6 and R7. A reference voltage determined by
zener diode DZ4, sourced by resistor R39, is used as a charge threshold level for
terminating the timing process. The voltage on the positive side of C7 must always
reach a level of approximately two diode drops above this reference level, as
determined by series connected diode D5 and transistor Q4, in order to initiate IGBT
operation. At the pre-defined threshold voltage, the timing capacitor charging

current is diverted to transistor Q4 in order to operate the IGBT drive control stage.



connecting to the negative side of the timng capacitor. This control
voltage is derived from zener diode DZ4 referenced voltage using min

di mmer control potentioneter VRL. An RC filter nade up of R28 and ‘CE3P 2008
provi des a soft-start feature at power up due to the zero initial

capacitor voltage condition. Buffering of the filtered control voltage is
performed by cascaded transistors B apd QL5 to provide a | ow i npedance
source voltage. Resistor R36 bypasses the base-emitter of transistor QL5
to reduce | eakage effects. At the nmaxinmumcontro] voltage (for maxi mum

di mer Jdbdjgsienetmigagitel firingangteig dagibted By agaeiapleciansiol sRHASE AYIE8I t age

i t its | . h 1 , .ed time it i I

S equalSSPBoUE o A" UET FAGET o BB GpPAer ok P HEtP v ode. D5 i n
addi ti ony £.0,e3 FOR! Jer¥PllRBDH AL LSBT DltREe Blihp nliihtiihGYEl ool ndependent
of the absolute value o he zener 8|o e 4 rePerence voltage.

ConsequeitbitiorhBer BRI, MHTRC AN Y eha@NupRg RES badiCidesenides d dof-tiad, bei ng
| argel y = i ndependent of conponent paraneters, thus ensuring sufficient
current festuat aaysweavpiduatibéhe cersuipitial ctperildC vodiage cReditionobufiiing of

included to further restrict th max] mum di r conductjon le. PTCl is
pl aced ithe &ber cqx&ﬁoimﬁ%tag@ﬁwfgﬁ@r@%iafa@%aéf%alw#w@@la%aﬁgam de
automati c reduction of .conduction.analg i.n t n i :

over -t eriv i o+ BuBtogRBTEitRRE' Bri e REs BB bl ismot ot aced
in seri gy {Gdib it +& PR leslla@eletbish VRL to allow adjustnent of the

m ni mum conduction angle, by faising the mninmmcontrol voltage. The | GBT
gate drive control circuit is provided by transistors QL6, QL7 and . The
circuit behaves as a non-retriggerabl e nonostable and provides controlled
gat e driAkthequaxienimcontrhbvolGBE (for meirave dinemgesindgtionsangdel thehi ng

out come. Transistor (B, . connected tlo the DC rail cts,as a switch to

source |T&g#Ired faningcArptitqrharsipg NG tagpgs at its lowest. The mintmum 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 voltage.
Consequently, the maximum conduction angle is inherently limited, being largely
independent of component parameters, 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 (circuit common
side) with VR1 to allow adjustment of the minimum conduction angle, by raising the

minimum control voltage.

The IGBT gate drive control circuit is provided by transistors Q16, Q17 and Q5. The
circuit behaves as a non-retriggerable monostable and provides controlled gate drive
current to the IGBT to achieve the desired slow switching outcome. Transistor Q5,

connected to the DC rail, acts as a switch to source IGBT gate current via timing



8 resistor R38 at turn on. Transistor QL7, connected to circuit comon,
acts as a switch for rapid discharge of | GBT gate charge at turn off. Base
drive current for input transistor QL6 is sourced by 4 fromthe7c£9rg£rnol

timng circuit. The base-emtter is bypassed by resistor R27 and ‘capacigtu%?r
C4 to reduce off- state | eakage and to enhance EFT i munity. Wen
transistor QL6 is not driven, transistor QL7 is sufficiently biased via
resistors R3, R13, R35 and R48, so that the collector holds the | GBT gate
in the discharged (off) state. In this condition, transistor b is not

suf fi ci ensibipr R38sd durnoon pepasistor Mhléh cennasiidstoorira@iprammen; ¥dnas pewilshor R35

provides suffi.cjent bia operate transistor b, which provides tenporary
regenerafPWaé’lgéiéi‘:%&Fg‘?/%fsﬁr g&ﬁﬁgﬁﬁ‘ie&tt@? O&i a RC network R37 and C8. This
result in nonostable action (approximately 300 mcro seconds out put
duration). During this active condition, bias is renoved fromtransistor

QL7. ThegLeuRiveaiirRmt ¢br inbBT t9akisRY (B & sbUfde@y Ol Md fige é@8Sitanifg38 and
paral l el gate capacitor gate Cl4 provides the required slow turn-on

char act efiicaiti thé basc=bmBitbarns bppassat! byGBTistari?7omd cHpacial Géso selweetdd ar e
specifically suited to the 1GBT used, .in_this case |R& BC2QS. The triac
control stateéenkageandiewnhpnce Fighpamunity. Ve frapgistor SUIGAR D8R AFINENAC si de of

the diqde brid .The.primary function of IS5 ~ChhEUIL I o ot rigger the
e ac ornsee’ 6 e bRl asrilnde s P MPches ki Rt s o
reducti QpygRst glblc%nche (?@Bg’ eg%‘?é in iRl dis@¥EL& Fﬁ@'s?ate!aﬁ'l BESRMNIIRbA YrAW9¥EE 11 cal
circuit 1s used to provi a trirac gate” drive pulse in quadrants 1 and 3
(gat e dry e sl sairfidiynil Pblagws torapasit@ When tinhsistodddiid is@iritenf tadistdORZ5

performed by the triac control circuit include over-current protection and
di mrer quevides|susfjdenrivoent dpmateHiranrstonb: Whdch pravddes terparasul t i n

imediate triac triggering. Durin r-cyrrent conditi or ex | e
| nCandogEEHETA Y B BRSO RT TR (] e T Hateeth FOAEM Gy THROHPRRNI o,
DUring  honostable 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 turn-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 circuit is shown in figure 1 in the circuit bleck 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
half-cycle basis. An essentially symmetrical circuit is used to provide a triac gate

drive pulse in quadrants 1 and 3 (gate drive polarity follows mains polarity).

Additional functions performed by the triac control circuit include over-current
protection and dimmer over-voltage protection. Either of these conditions result in
immediate triac triggering. During over-current conditions (for example

incandescent inrush current), the triac shunts current away from the IGBT. During



2 5 SEP 2006 9 over-voltage conditions (for exanple mains transients), the
triac shunting action transfers the transient potential to the UDQdSEHQ%ES
triac control circuit derives its power fromthe mains via the | gad, “T'n }
each half cycle during the tine period before | GBT operati on commences,
that is while mains voltage appears across the dimrer. Average current
consunption is |l ong enough to allom/tge use of arelatively | ow

di ssipation resistive chain made up of "R16, R17, R18 and R19. During each
mai ns hal f-cycle, current provided by the resistor chain is used to charge
t he capacmemfroh@g@C@]@dléwm@(%agéamwmwﬁmsyer&@u thaireshpptingachanns. The
vol t age devglopﬁd acr.oss ca i islimted to approximtely 20 volts

t 10
for eacH™@6ar @V,anglgnﬁ}é@qeﬁggf tﬁ)&li]gﬁ?ﬂﬂ'i ng zener di odes DZ2 and Dz3. The

sequence of operation of the drive circuit for each half cycle polarity is
as follows: - reservoir capacitor Cl0 is charged while mains voltage is

present .The #iakQOnffolEiecisiedonded itdBowet A¥ntileauhins (R thealddd GB)eakch hialti ti at ed
after the dimer voltage falls bel ow approxinmately 20 volts due to | GBT

oper at i arycle durdng thvetimegeoiodt edotd B Tdepaption hemnéres, QPat garkilé masnppl i ed
with current fromcapacitor C10 via limting resistor R4l. In the positive
mai ns halqllagg@peearsaserssdhe ey ARG GUIENE RIRTERPEN KIpPSLhREERIY 20

lte f . it : _ . ,
base. VR dircton iy ik Peblales S GuER oo TP P P B 48
drops bel piRide&ihg |¥293ht Srafils HAM-8810|Hrrehnt ARSHEEA by e PESMLHERIRRALE NI

current via current”limting resistor R24"for tine-delay capacitor C3.

When t heo\hht @gheanapad sordaibi 4 voltdd withgohestyafyeoxingd el the@ndiny oltes,
transistor QL3 operates, which in turn provides basic current drive for
out put tragesteyelopedvicaoss grpagitor| T is limgiteckts approxmaielysdheolty kyeaehat i ve

Feethack {1 o |18 ROLY B5' RlnBhg LASRLEL pFh 4 DS, PRSSeRertL 351 StOT Q12
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 circuit (R24 and C3} is initiated after the
dimmer voltage falls below approximately 20 volts due to IGBT operation.
- At the 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-
emitter junction of transistor Q18. When dimmer terminal voltage drops below the 20
volts at threshold, transistor Q6 provides charging current via current limiting
resistor R24 for time-delay capacitor C3. When the voltage across capacitor C3
reaches approximately 0.6 volts, transistor Q13 operates, which in turn provides
basic current drive for output transistor Q1 via current limiting resistor R10. Some
regenerative feedback from the collector of transistor Q1 to the base of transistor Q13
via resistor R12 speeds up the switching action. The collector of transistor Q1 drives
the triac gate via steering diode D7A and gate current limiting resistor R41. The

function of diode D7A is to isolate the triac gate circuit during charging of reservoir



via resistor R12 speeds up the switching action. The coll ector of

transistor Q drives the triac gate via steering diode D7’A and gate . __ .
current limting resistor R41. The function of diode D7IAis to i sob able” 144t
triac gate circuit during charging of reservoir 1, 5 10 capacitor Cl10
during the negative half mains half cycle. This is necessary because the
base-col |l ector junction of output transistor QL is forward biased in this
period. Capacitor C3 has the addition rol e of enhancing EFT i munity for
transistor QL3, while resistor R26 reduces transistor |eakage. Simlarly,
resi st orcaRacitadutitduriag Khgyaegasivedinlbmains kapseysio !l haniswsressagobg@use the

consequently affect the tim eriod, .The operatiqgn of. the circuit for
the neg qsg—@oﬁﬁqtﬂg]quppnggpb)qtggqrﬁgt% 1T @E‘grbﬂﬁg m \Pgnﬁgt[ uses the
mrrored set of conponents. Applications utilising isolated PAW control for
dimmng level require that both the 1GBT (@Q2) and triac (Q23) together

W th assoghied (ArH4ehe hdGitidnaY rdls operRanent FyT it onneef & ttansimbNG13,Thi s
differs fromthe manually controll ed two-wire nodul ar = di rmer application

wher e a while essistar R26 ravhees tpnsingprdewiltagh. SisnikiriyayesistoeB9frodudasdenkage/ of f
control. Generally in the dimmer cjrcuit design, tri firing operation
comencey agpuheangsionbil Wb%cﬂﬁ‘ﬁﬁlﬂdﬁﬂﬂsﬁ@‘éefftg’l qxfgquéﬁt% ATPRSIERBIY | evel as
a consequence of I GBT operation. A nodification to this method of
operation is required for the isolated control interface dinmer which has

permane nfhé%efl%ﬁﬁﬁg)g iﬂgé ittt o th&hSg ARREMhIns HAIMELRSE MY sarh@ aflid@RliRdl i ac

triggering otherwi se be”initiated nedr the end of every nains

hal f cyclieveMt heegthethrdeddiet sf @fthpotdmel y in the off state, due to the
very low prevailing triac conduction angle and hence | oad voltage, the
resulting line conducted EMC em ssion |levels would be quite |arge due to

such tr iﬁgpﬁgaqc{o%tsiu%ﬁising isolated PWM control for dimming level require that both the
IGBT (Q22) and friac (Q23) together with associated drive circuitry is permanently
connected to mains. This differs from the manually controlled two-wire modular
dimmer application where a series mains interrupting 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 otherwise be initiated near the end of every
mains half cycle. Although the Joad is effectively in the off state, due to the very low
prevailing triac conduction angle and hence load voltage, the resulting line

conducted EMC emission levels would be quite large due to such triac operation.

To address this situation, additional circuitry has been incorporated which

differentiates between the rate of change of mains voltage due to IGBT operation



To address this situation, additional circuitry has been incorporated which
differenti ates between the rate of change of mains voltage due to | GBT
operation i ( 11 during dinmng, and that due to normal nains vdl fagel 2604
wavef orm when the 1GBT is not activated via the isolated control

interface. In. dinmmng operation, the triac drive circuit is normally

di sabled and is only enabled for a shf{t period after detection of the
relatively fast rate of change of load termi nal voltage due to | GBT
operation. During |oad off state conditions, the triac drive circuit is
not enablwindyimhengeins thasiduespgwrmel enains valthgovavaios voendhe laddrist he

end of each _.half cycle. i r.t ant design considerations for this
addi ti orfft %Flyﬁﬁﬁtvﬁ%%ﬁr]éogﬁ%fc%ﬁ‘iﬂdﬂ erfaﬁﬁuni ty to mains transients and
mains ripple control signals is maintained. Figure 2 shows a nodified
circuit of the triac control circuit of Figure 1 as described above, in

whi ch copmimBlenBMratien ahedant Bfivedirect ¥ Abnghly dbablRaGTdk iRy ehalsled cui t
operation with reflerence to Figure 2 for one nains half-cycle polarity

f ol | ows.foAachanpperiod rftasilstoion QBUG: redatined fast ratesdlvhenghef loaidaeramale
circuit from g[)erati n by shunting the charging (g_u_rren faor the triac
firing tyqhage od pegptiopDunngiloadelt saap sengigons RO Aripg AHYR FHIYA

Cuan’polarttyraged B bPvialiv Bl ol ale St 8RBT Rer TR br S, 1

| GBT, Q%%gp%ﬂ tion, the resulting bridge voltage dv/dt produces sufficient
current through a small mains coupling capacitor, C301 to rapidly discharge
the filter capacitor in order to reverse bias the clanping transistor
base-em tter junction. The clanping transistor remains biased off |ong
enough tom¢ limponemtralesigmacepisiderefionhdor this aclditiona cirquitey det dhatagueht or

due to the fi|ter capacitaor/bias, resistors tine. . ) o
immunity fo mains {ransients and mains ripple control signals is maintained.

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

above, in which common elements are identified accordingly.

A description of circuit operation with reference to Figure 2 for one mains half-cycle

polarity follows.

A clamping transistor, Q300 is used to disable the triac drive circuit from operating
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 divider elements,

R300 & R301 with such polarity as to maintain the bias to the clamping transistor.

During IGBT, Q22 operation, the resulting bridge voltage dv/dt produces sufficient
current through a small mains coupling capacitor, C301 to rapidly discharge the filter
capacitor in order to reverse bias the clamping transistor base-emitter junction. The
clamping transistor remains biased off long enough to allow normal charging of the
triac firing time delay capacitor, due to the filter capacitor/bias resistors time

constant.



constant. 2 15 SEP 2;1; r 12 Immunity to mains ripple injection is

achi eved through the | ow pass-filter action of the capacitor and bias
resistors. Wthout |GBT operation the relatively |ow dv/dt associ -@tﬁeggwo}!;}
the mains voltage waveformis insufficient to renove the bias vot tage’ oft®
the filter capacitor. Thus the «clanping transistor continues to bypass
charging of the triac firing del ay capfé:i tor, preventing possibility of
triac operation. A series resistor elerfent, R302 for the mains coupling
capacitor provides current limting protection under mains surge/

t r ansi erTEBAHY ttpdnains AIRRIY dpjeetiein Hnediewddilsaugh the dowiRass-&dier P6HORG os's
the collector-emtter .junction of the clanping transistor, QGO0 in order
to prevé C?R%Cl{grrzi‘ﬁ'gibs}%‘%’fes%sit(gﬁ interfering with correct operation of the
associated transistor, @01 in the opposite half cycle. In opposite half
cycle, the collector-base junction of Q00 becones forward biased and can
sour ce SwhifhioGk OB TipRSatGH Henteldvalpesat &v L dieasassaridal /el the ansins tvolltageB01.
The parallel diode, D300A works by limting the collector voltage to only
one f or waadefodinad engrffipient berehove the hiasivedtagase thei Mtervaipreiger. ngms the
associated transistor, Q301 to %pprox. zero v Its..TSe.abgv&yvol ta%e
driven t9RPINEHERYFIOS|ORTNHeHE bygass tRargme ehofhecsicdying dglayeriPacliPy ven
triac control..circuiigt.,. in.figure 3. Once again, the primry

functi orprgygmtuﬁéEggsiﬂ?%lﬁf?ﬂl}ga%é)etl%tilégrger the triac once the I GBT has
conpleted the slowswitching EMC em ssion reduction operation, on a per
hal f-cycle basis. The circuit is essentially symetrical and is used to
provi de A& detieaaegatoe deineert, RI(2efornthgquadimntsiplirenchiBic{tgatpeovidies werrpoltari ty
follows mains polarity). In operation, a current sense resistor, R32, is
used t o lieitingpureciwnpandgitmnalns sorge/feansient conditions.

£33

A reverse connected diode, D300A is required across the collector-emitter junction of
the clamping 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 and
can source sufficient bias current to operate the associated transistor, 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 essentially
symmetrical and is used to provide a triac gate drive pulse in quadrants 1 and 3 (gate

drive polarity follows mains polarity).

In operation, a current sense resistor, R32, is used to derive drive potential for the
entire triac drive circuit. After a defined load current threshold is achieved, sufficient

for triac gate requirements, excess current is by-passed by series connecting diodes



entire triac drive circuit. After a defined |oad current threshold is

achi eved, sufficient for triac gate requirenents, excess current is

by- passed by series connecting diodes +! Si SEP 2006 13 D3 and D4 5TREP 2005
devel oped sense voltage begins charging a tinme delay network made up of
resistor R33 and capacitor C9. A conparator transistor, QL. 4, is driven via
resistor R35 once the timng circuit put voltage reaches a threshold
level . This |level is determned by the voltage at the junction of voltage
di vider resistors R34 and R37 (sourced by the initial sense vol t age in
addi t i orD? ane it Bhealesgiopedsepsmeeliags E\%fﬂftfé"@églé% a g siedtionetmork Hwée
operation o in si t.aneo |13ﬁllon .of base

drive fdtP o{;eaﬁ,g f??%i%mbi 4@5{%?%%3@@@@ JE%T}S g ]b@ PERt YR i ti ng
resi st s CF)%E 123 R he nﬁ{lﬁg%@gﬂ ; gﬂ‘crvcﬁf’a 1eAded ot dNBISRVEE TR t age,

pr oceeds rive transi sto esli . eration of transistor

QL5 redueed it feteeaimpatl BY ltIV@v@lMngSd"tQhélL H:ﬂbﬁgﬁ VOIDM ¢ divadengsist@n F3gtond QL4
emtter potential. This positive feedback process is regenerative to speed

up the sk@z ((sbun:gddm thernitifheermpploltage), omadditiongotthe hesqangtetrjimeiocur r ent
is via output transjistor QLO and current limting resistor R41. Resistors
R27 and¥ eéﬁé“?@ﬁ&ﬁﬂ@ﬁﬂto prevent possible adverse effects from | eakage
and transistors QLO, QL1 and Ql5. The operation of the circuit for the
negative nains half cycle is the sane as described above, using the

mrror edn%ee%%&%sﬁ 9P 9RGG s for (P FeRFIt4 FRI AN BfiebHE aggﬁceﬁmftﬂe@@ slriveybf i ci ent

voltage is devel oped across Current sense resi st R40 to bias on

transi stigind8rs P and QIIYTia fespadtivebabaserrent lieiinglrdasistorsfRito arglvazel
transi stor QLO, i mediately operating the triac, to djivert current away
f r om t helteaBFtasi@Eluireferaseil o the ®Ie Vohnge nrpeensisde drivetmnsiser QUP viht

drive 10,2 2ale bovel under Lhese HONdHLI QMR IS RS REVHIRY '
by lowering transistor Q14 emitter potential. This positive feedback process is
regenerative to speed up the switching action. The application of the triac gate 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 is the same as described

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 Q18. This in turn provides base current drive
for upward transistor 10, immediately operating the triac, to divert current away

from the IGBT circuit. Resistor R39 limits transistor Q18 base current drive to a safe

level under these conditions. This provides an inbuilt circuit protection mechanism.

At dimmer over-voltage currents, the triac gate is directly driven by series connector
tranzorbs BZ1 and BZ2. Capacitor C10 is placed across the triac gate-MT1 terminals

in order to enhance the triac immunity to dv/dt triggering from mains transients.



At di mmer over-voltage currents, the triac gate is directly driven by
series connector tranzorbs BZ1 and BZ2. Capacitor Cl0 is placed across the
triac gate-MI1l terminals in order to enhance the triac immunityZt'e dvl di5

triggering fromnmains transients. ' > 06 14 Inductor L1 [imts the rate of
transfer of load current fromthe IGBT circuit to the triac on order to
control line conducted EM em ssion | | s. The ampbunt of i nductance

required for this function is related to the difference between the triac
on-state volt?ﬁe and the voltage across the I GBT circuit current above

just prilpdueter {dilixeits Bisapip piomanstercoidpad sprenbiropuedb ls@pudt foddedtia R32
in the | GBT Circuit t i nt rod ditional volt

't 1 or et aider fgirdherRng Rt v kB EG el The ARl R b PR tFea. an
additio ok | i i ssiop_ dienel s is vi
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order | axiRassanfitht @bltade RaLE Liel B Tadvait ageerafaboke it peRAto Gliacui t is the
ability of the triac control circuit (whether it would be voltage driven

or cur r enterghiorv 8ite presdree odntrreht suhsdiressvt R3Byn theh&HIGETCw! ewwent pathher

than via a third centralised control, ﬁl ock as i,n prior stens. . In the

N ] S
case of nkedyerstastsitignalitageidiiderentialyithere by intlagadng ithg %‘/VOHBF\P-g ors the
di ode Dbri,dge voltage, der ..cont,r of 4 eI at. ] hpr order to
det erm r’i]em1 afce ]Ee_rqiu ce_df IAIE%I ar]c{gdlgiﬁ%%ll1?}%1@2%&%?%@%%%@2@%%&%1@ 3@ required
for tri %@%@ﬁgﬁé&%ﬁié sh@GCupdLabed1f 4amRE MorRYRl dabh 1 wanval fage in

t he peri -cycle before comencenent of "I BT conduction. The

triac i Joeasertbad bydéd lbedpadeiitérne di ode bridge voltage is reduced bel ow
a mninmumset threshold. This mninumset threshold is determ ned by zener
di odes DZ2 and DZ3 which in the present exanple, said a mninmmthreshold

of 20 vo|ts (for the positiye and negative, cycl.es).. [The. voltage. at..the
i ode br dgeiseraGulitg o e rirsrd FTgH e AEURat A s r s oWt
(whether it would be voltage driven or current driven) to be controlled directly by

the IGBT circuit rather than via a third centralised control block as in prior systems.

In the case of the voltage driven drive circuit, this essentially monitors the diode
bridge voltage, under control of the operational IGBT in order to determine when
triac firing 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
commencement of IGBT conduction. The triac is essentially fired when the diode
bridge voltage is reduced below a minimum set threshold. This minimum set
threshold is determined by zener diodes DZ2 and DZ3 which in the present example,
said a minimum threshold of 20 volts (for the positive and negative cycles). The
voltage at the diode bridge is sensed by transistor Q6 and resistor network R17, R16,
R18 and R19 as would be understood by the person skilled in the art. The minimum
voltage threshold is determined by the components used (in this case the zener
diodes DZ2 and DZ3) and is generally set to exceed by a suitable margin the

conduction voltage for the IGBT circuit.

In the case of the current driven drive circuit, this essentially monitors the diode

bridge current under control of the operational IGBT, in order to determine when



R18 and R19 as woul d be understood by the person skilled in the art. The

m ni mum voltage threshold is determ ned by the conponents used (in this
case the zener diodes DZ2 and DZ3) and is generally set to exceed- Qy B onnn
suitable margin the conduction voltage for the IGBT circuit. In tﬁe CéSe“wﬁ
of the current driven drive circuit, this essentially nonitors the diode
bridge current under control of the o ational | GBT, in order to determ ne
when 2/ Q SKEi P 20(36 15 triac firinglshould occur. The necessary current
required for triac gate drive is derived fromthe |oad current resulting

at | GBT tdentluicgisbnulchotdue. Ha heaeysrry curggal requirddetor tiiaegits drivieed when t he
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control orlng electrrcab paraneters of th

determ %thm%stcgge tddc@byshasdRbe. fired in relation to those sensed
paranmeters and providi ng cgntro signals to the triac control circuit.

Alternatively, the centralised control block sonetines prOV|des contro
signals to both the 1T and triac ontrol circuits in epende {y of each
ot her, Badky vy, pheciseagt F‘Pihfil%}&aﬂﬂari% sERRler Ahag BHPT Ayt Skﬂpécﬂé 1& agr am of
this circuit arran
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D ode br| 40 represents t secon control circuit (triac

control )parwmeedas aht pirosidits coraasitsighal s tohrl t8iat comtrbl disduic onltewlaticeiycui t 10,
via rectifying circuit 30. Elenent 50 represents the second swtch
(triac) the\/neluhalwdcmntnoebbl@a shynesisagsrer oy stascohtrel signalks,to et tha KaEht 60

represents the |oad
P and tnj.:'ﬂc 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 circuit (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 circuit 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
voltage driven triac drive circuit allows minimal size of EMC filter components
which results in highest overall product efficiency. The voltage driven circuit
however requires voltage dropping elements to derive a power source from the
mains, therefore introducing local power dissipation problems (only at low
conduction angle settings, where total overall dissipation is low). Further more,

additional components are required to disable the triac drive when no IGBT drive is



In practice, the voltage driven triac driven control circuit is preferred
over the current driven triac drive circuit. However, each has advantages..
and di sadvantages. The voltage driven triac drive circuit allows v ni il <bve
size of EMC filter conponents which results in highest overall product
efficiency. The voltage driven circuit however requires voltage dropping

el enents to derive a power source froqh%he mai ns, therefore introducing

| ocal power dissipation problens (only“™at |ow conduction angle settings,
where total overall dissipationis |low). Further nore, additional
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SEP 2006 16 resent(io achieve off-state conditions (only required for
appl i catMFHELH-PRFEEecs manual | y-operated switch). In contrast, the
current driven circuit does not require a power source connection to the
mai ns, and therefore no | ocal power dissipation issues are encountered.
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the triac, to divert current anay fromthe I GBT circuit on the DC side of

t he di oddtdvcodymnenesingloweRdterhll wfigenavansickicwabl@l4 base current drive to
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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 QI, 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 current 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 C11 is
placed across the triac gate MT1 terminals in order to enhance the triac immunity to

dv/dt triggering from mains transients.

In this dimmer design topology, it is not necessary to incorporate an inductor to
achieve the required RF emission level limits. A relatively small inductor may
however by required to provide some degree of di/dt protection for the triac during
IGBT over current conditions. In normal operation, the voltage appearing across the
triac just prior to firing is of the order of a few volts, depending on the actual load
current magnitude. This voltage is a function of the IGBT saturation voltage and

diode bridge forward voltage characteristics. At such low operating voltage levels,



At di mer over-vol tage occurrences the triac gate is directly driven via
series connected tranzorbs D and D2 and current limting resistor R20.. ..
Capacitor Cl1 is placed across the triac gate M1l termnals in ordef o AUUb
enhance the triac imunity to dv/dt triggering frommains transients. In
this di mer design topology, it is not necessary to incorporate an inductor
to achieve the required RF em ssion level limts. Arelatively snal
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current wave formdiscontinuity at the point when the | GBT current drops
to zero. Additionally, at the end of each mains half cycle where the triac
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important additional role of this capacitor is in inproving the entire

di mer  ajurodrittwavenfionint YtteoubEdn oAtkds barisdon suichidvleddly a saparitondLict pleee | oad
i nbal ance detector. The function of the circuit block is to shut down

di nmrer  casressdhe dimmes tergisabs Aaviserertye ad diggaapla efghis capacitor is in

improving the entire dimmer circuit immunity to EFT.

Another circuit block is an inductive load imbalance detector. The function of the
circuit 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 dimmer terminals for the positive and negative half cycles are not similar.

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 mains voltages appearing at the
active and load terminals respectively. When referenced to the bridge common
{(negative) terminal, these voltages represent opposite polarities of the mains voltage
across the dimmer. The divider junction of each chain is connected to opposite sides
of capacitor C12, to produce a differential voltage proportional to the difference in
half cycle voltages. Two transistors, Q9 and Q10 are used to produce a common-
referenced signal if the differential voltage exceeds a threshold of approximately 0.6
volts. A latch circuit made up of transistors Q11 and Q20 and resistors R32 and R34

has input driven by the imbalance detector output. A transistor Q21, wired as a low



operation, which may be the result of connection to an unl oaded iron-core
LV lighting transformer. Dimm ng operation is suspended if the_average...
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cycles are not simlar. Referring back to Figure 1, two resistor divider
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sense the nai ns voltages appearing at ﬁ?e active and load termnals
respectively. When referenced to the bridge conmon (negative) term nal,
these vol tages represent opposite polarities of the mains voltage across

t he di neakageriode ditksts jathceu tprt oretiehsieteaililli eplicstonde { exnd oicofspdtive e
sides of capacitor 2, to produc differential voltage proportional to
the dif flaf 1gicﬁnt”r‘i’§fl’yp (ﬁ%%%@égs. Two transistors, @ and QLO are
used to produce a conmmon- referenced signal if the differential voltage
exceeds a threshold of approximately 0.6 volts. Alatch circuit nmade up of

transi stpassidol @Nta @8 #Bbckasd §lodedo B3dveandniR34ich bpsrdtinby eid 48 by the
i mbal ance detector output. A transistor R1, wired as a low?2 11 EP n(q(

18 | eakagessihgdetectirr Bateserhiter rypasspuesistore 31 radsk3Y ae r@idiredtd senignise o
"sync", ie. to drive the tim.ng cantrol bypass transistor QL2. Transistor
Q@1 act dealsigs ipIthe KespgCldy Ldansistops SisHATIAPRgIers OhdralilBR dPreEsRBt Her o
crossin et ec . Base-enjtter, bypass resist.ors R31. and-R33 are required
o ni e aenet B imERELe LSRR [P hS PR Iy apact t or s
C5 and t I i : j it. In
aad 11 o b £ S5 lgh feq RACE AT oo Rl R T et anal
conponert;utfguo_m t he i nmbal anced detector output. When operating inductive

| oads, the dinmer circuit incorporates a noderately sensitive triac assist
in achi eving an acceptable | evel of performance, particularly in terns of

operati symet r jth worst case |.oad types, ie. |low value VA  highl
P n\?]he%/i operat}/ng\l\gnduc%e foadcs, aw,e Alrmner éllpcuslt incorporates a mogerateiy gnty
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.

In normal dimming operation, the IGBT initially operates followed by firing of the
triac after a fixed time delay. During this pre-triac conduction delay time period, the
inductive load current has an opportunity to develop in magnitude. This delay time
therefore also increases the ability of the triac to operate successfully with such

difficult loads.

At very low conduction angle settings however, there may be insufficient load
current available for reliable triac latching. In this case, a low level load DC
component will be sustained by the dimmer in combination with the non-linear load
inductance. Under these conditions, there is no danger of damage to the load due to
the relatively low rms current magnitude. If load DC component levels become
excessive operation of the imbalance detector will automatically shut down the

dimmer control.



i nductive | oads such as exhaust fan notors. In normal di mmng operation,
the 1GBT initially operates followed by firing of the triac after a fixed
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time delay. During this pre-triac conduction delay time period, the; SEF 2608
i nductive load current has an opportunity to develop in magnitude. This
delay tinme therefore also increases the ability of the triac to operate
successfully with such difficult |oa At very | ow conduction angle
settings however, there may be insufficient |oad current avail able for
reliable triac_latching. In this case, a |low |level |oad DC. conponent w ||
be sust ANEEHCIR), CARACHN fRIPUYG GlectEnbs it Farsigimersere nAbeNSrAkY puitelg for

i nduct ance,. Under these condj.tions, theres .. danger of damage to the

| oad dud A gHge plrss oty ot e s e G RgHEs o S Conponent
| evel s QRRQ%QT [ -at. [ o |

aut omat i cal ylgﬁgﬁﬁ%gxgﬁgﬁgﬁCgfﬁgg?Q§3%$§%F?H%ggﬁﬁﬁeggﬁgggﬁ?nggpacitive

i nput  elceatiueRUENY dmasishdevds sndneasnptodyeneepdiitiveshibhdbdqmehioy rinlghagi ng
edge phase control dimrers owing to the additional resulting di mrer power
di ssi pathivgsts oTbemhajhs valiags wevelshay. gi ng current pul ses increase |ine
conducted EMC em ssion | evels and may produce repetitive high frequency
ringing bursts on the mains voltage waveform The dimmer circuit of figure

L incor plq{ea&i%%n&p&gqﬂQ%% fi ok ﬁaﬁoﬁé{e@%a%ﬂﬁbéf&ﬂ!r&}tisg%e{%ggggﬂﬁaﬂigm

conducti‘on peri od. connecti 0 such capaci result in

sust ai NedREARITHT &ndudtdof YRE U Disitier RaRBR S0 RicAdUphatveY&Rishi gher
EMC em ssion |levels. In addition, the high frequency and anplitude ringing

current reswyef arstainhil opetatipirc af the @reesemntent arechhnisti, pgodfidws lewad héghari cr o
seconds may result in conmutation of the triac. If this condition

prevai | FMitrmispipallariledngdetisen dhe highyfrequgeytane anphisidecdngingicurrend hut
down. F%\rra\?éfgfr{irw mcﬁ t}tr}g%e?ﬁ}]; Bicré‘éﬁ? fO\gf\ﬁﬂI’lQ 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

maximum rated load connected, this condition is far less likely to occur.

An alternative circuit 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.

The general operation of the imbalance detection process is described as follows.

A capacitor, used to represent conduction time, is repetitively charged from zero to a
level determined by the prevailing half cycle conduction period. The voltage
developed on this “conduction time detection” capacitor is used to set the peak
voltage on a second capacitor, to represent peak conduction time. This “peak
conduction time” capacitor is simultaneously discharged with a constant dc current
sink. The resulting “peak conduction time” capacitor voltage waveform comprises
two components. (1) A dc component exists with magnitude proportional to half
cycle conduction period. (2) An AC component exists in the form of a sawtooth, with
magnitude determined by fixed parameters ie. capacitor value, magnitade of dc

current sink and repetition frequency (2 x mains freq.).



maxi num rated | 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 is now described with ef éjeh¢@éli o
Figure 5, which shows an alternative circuit arrangenent for the |1 GBT
control of Figure 1. The general operation of the inbal ance detection
process is described as follows. A caggfitor, used to represent conduction
time, is repetitively charged fromzero'to a |evel determ ned by the
prevailing half cycle conduction period. The voltage developed on this

" conductlf enfficiens %léﬁeé@tcmﬁ"alt@ipa@i poarifys hafeycleoceistuction predgds ¢¢sh de on a

second capacitor, .to .represen eak conducti ime, This "peagk conduction
e capaanns, NG Colki Sentely tCthinbeut He s neshs tandEion dfREn:
sink. T IEN! ' pea L £ Ae" . .C Ci Lo

compr | saaPbifet halGoubRAlE AMHAT HRULAE o BREChAP Ny AR Ry
propor t i(@anahs freghahfsimpyche ptiondigirbeibl@elct@or, With A8 bCLEONPoBedtiegXs St S
in the formof a"samooth, wWith nagnitude determ ned by fiXxed paraneters

i e. capacetion adlvaés anaghitgdecoft idcordeurto efisalde mimang opgretioni whem tbgquency
(2 x mains freq.), L. il"t3s ' 7r 20 If sufficient difference in alternate
pol ari t yordittorpletecterhasid siegdy s&fods exist, the resulting AC voltage
wavef orm associ ated with the "peak conduction tine" capacitor has double
the norrmal anplitude, at only half the repetition frequency (mains freq.).
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used to activate a latching circuit 1n order to disable dinmer operation
when t heDugepdbdd eondsctitet petid ofglidnghgagyles tahsistod D relleebncdresource
description wth reference to actual conponents involved follows: During
| oad comuudritoriapéanitby esistomBiaNg ©y ctanductignsiizrodeteption| repaodtorcadlsour ce
current yja Ic'gi,n‘iti ng resistor R203 to "conduction ﬁi ne det ection’ caPacitor
C201. en dimmer Yeverts to the non-conducting state, at the end of each half cycle,

diode D200 isolates any current associated with charging of main timing capacitor

7.

Transistor Q200 is used to reset C201 to zero volts at the start of each half cycle
conduction period. Associated pulsed base drive for Q200 is provided by capacitor
C200 in series with resistor R201. Diode D201 in conjunction with resistor R200
provides the necessary discharge path for C200 in preparation for next mains half
cycle event. Resistor R202 bypasses base-emitter of Q200 to reduce device off-state

leakage, during charging period of C201.

Transistor Q201 is configured as an emitter follower, so that the voltage across
capacitor C202 must follow the peak voltage of C201, during brief period where
(Q201base-emitter input is forward biased. Transistor Q202 in conjunction with bias

resistors R204, R205 & R206 is configured as a current sink for C202.

The sawtooth voltage waveform across C202 is AC coupled to the base of “threshold
detection” transistor Q203 via diodes D202/D203 and capacitor C203. Series
connected diode D203 functions to provide enough signal voltage drop so that Q203

is not driven under symmetrical dimmer operating conditions, where input signal



When di nmer reverts to the non-conducting state, at the end of each half
cycle, diode D200 isolates any current associated with charging of main
timng capacitor C7. Transistor (R00 is used to reset C201 to zero; vl 9pas
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at the start of each half cycle conduction period. Associated pul sed base
drive for Q00 is provided by capacitor C200 in series with resistor R201.
Di ode D201 in conjunction with resi st;)i R200 provides the necessary

di scharge path for C200 in preparatio ]for next mains half cycle event.
Resi stor R202 bypasses base-em tter_of Q200 to_reduce device off-state

| eakage arpiitudg & margiadly loar ifagisser B2GA reducsn QABodevipn eifrsdatedpliager &8 as

itter,.foll . that th | t . ' 02 |
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is for \@ggr%%g%%@lrgé E{ﬁ#ﬁ}r@o P02 in conjunction with bias resistors

R204, onfigured as a current sink for C202. The sawt ooth
vol t age waveform across C202 is AC coupled to the base of "threshold
detection” transistor (203 via di odes D202/ D203 and capacitor C203. Series
connect ddndiroty nBReBic dinoneongetatingrooniditeoren 026k ispperated/ivl palge ndedp aso
that Q203 is, not driven_ under symetrijcal _di r erating conditijons,
wher e i Hplow siugnaycle. Q@EF?W@@SF()WlS&F&)B%%di wﬁsﬁmw &M st or

R207 reduces.. 3_device - e N e i di a
Fover se RAEE ARRALET Bb S BB TR R bl Fi0dh s,
charge il AhiG283eri & m%%”ﬁ%tx?dl%g@' IBds OFRI AlbRG &CRELAI RBSL - RBO3 is
operated in pulse node,” at a low duty cycle. An RC network conprising R208
and C204idfmetisledl viobtape allvidier ansisave YOGy R2atcin oonjhactivievitie<D2(4i basepul se
train. Transistor 04 fornms part of a |latch

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 circuit 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.

It will be appreciated that the above has been described with reference to a preferred
embodiment and that many variations and modifications are possible as would be

understood by the person skilled in the art.



circuit, which is triggered when the voltage across C204 reaches a critical
l evel - as defined by voltage divider resistors R209 & R210 in copjupgtion
with Q@04 base- emtter threshold potential. Transistor Q05 in cofjtrct{i6h
with resistors R211& R212 fornms the remaining part of the |atching
circuit. At mains power-up or at initial activation of PWM di mrer control
drive, it is necessary to ensure that,4he latching circuit is cleared to
the unl atched state for a nunber of ¢ | ete mains cycles. This function
is perforned by RC network conpri Si ntlg R213 and_C205, which initially holds
the basd IEGIANS DIFANING BREENYENTIQAARF A2 KO A& Vbhe emitter reference

level. It will be appreciated that the above has been described with
reference to a preferred enbodinent and that nmany variations and

nodi ficatigns: I skilled in
the art o semraer 558 o lholi A PR R SRR MR T s °1. ' A
di mer ci I’ﬁu;ilﬁdihg[ controlling delivery of power to a | oad, the dinmer
circuit including; a first control circuit for controlling a first switch
for control | ienfirsacomarel afcuit foe comf-oNiogteaiest switos o1t dvanttadlbnlg aanat o rsecond
control circuit for controlling second switch; wherein said second
control ci rdioltapge agi@as Fhs load 4 sai d first control circuit. 2. A di mer

ont o sl edh DY sai d fivst control 2. A dim
cui ton are. sdpir araRo Ll RFPhRo Al oebRy s B Tk T accor di ng

to claim 2 WheLRbid$BhftoPEraNHisCORMOMed Hyf &t Erét%\og&@f‘&i?&li{ﬁd by said first

control circuit via said rectifying circuit. 4. imrer circuit according

to claim3 wherein said second control circuit obtains
2. A dimmer circuit according to claim 1 wherein said first switch and said second

switch are separated by a rectifying circuit.

3. A dimmer circuit according to claim 2 wherein said second control circuit is

controlled by said first control circuit via said rectifying circuit.

4. A dimmer circuit according to claim 3 wherein said second control circuit obtains
control signals from said first control circuit by sensing a voltage across said

rectifying circuit.

5. A dimmer circuit according to claim 4 wherein said second circuit is actuated

upon sensing that said voltage falls below a pre-set voltage threshold.

6. A dimmer circuit according to claim 5 wherein said pre-set voltage threshold is

determined by a zener diode.

7. A dimmer circuit according to any one of claims 5 or 6 wherein said pre-set

voltage threshold is set to exceed a conduction voltage level of said first switch.



control signals fromsaid first control circuit by sensing a voltage across
said rectifying circuit. 5. A dimer circuit according to clainuﬂa gge@gﬁ
said second circuit is actuated upon sensing that said voltage falFls-betow
a pre-set voltage threshold. 6. A dinmer circuit according to claim5
wherein said pre-set voltage threshold is determined by a zener diode. 7.
A dimmer circuit according to any one Qf clains 5 or 6 wherein said pre-set
voltage threshold is set to exceed a duction voltage | evel of said first
swtch. 23 8. Adimrer circuit according to claim3 wherein said second
cont r ol 8i Adliintmebtiaiudsaccordinglto slagmal whercomsgiali secdnd senfcolntiralit ditaicyi t by
sensing a current through said rectifying circuit. 9. Adimrer circuit
accor di ng $QEQlsigRS ﬁ%ﬁm«%ﬁl@% flg%w%“@ésmmgbyéawngéC&@fe@étt ugﬁpsa}f[ sensi ng
that said cur.rent rises above a pre-set current threshold. 10. A di mer
circuit ac%%g Hﬂ%CFgughy one of clains 1 to 9 wherein said first switch is
an | GBT power sem conductor. 11. A dimmer circuit according to any one of
clainms 1 to 10 wherein said second switchis a triac. 12. A dimer circuit
accordi 9g Adliatmenriewof adcbadippecetiimd® wlhairdin siddeseednd siatdit issetamddcont r ol
circuit controls said second switch to control the |l oad current provided
to the | oadpor8ensinglthatsaideurearitirises ebedt agre-setayramshisshelde precedi ng
clainms wherein the dimmer circuit is a | eading edge phase control dinmer
circuit.

10. A dimmer circuit according to any one of claims 1 to 9 wherein said first switch is

an IGBT power semiconductor.

11. A dimmer circuit according to any one of claims 1 to 10 wherein said second

switch is a triac.

12. A dimmer circuit according to any one of the preceding claims wherein said
second control circuit controls said second switch to control the load current

provided to the load.

13. A dimmer circuit according to any one of the preceding claims wherein the

dimmer circuit is a leading edge phase control dimmer circuit.



