2 5 SE=' 2836 1 DIMVER CIRCU T WTH | MPROVED | NDUCTI VE LQOAD | MBALANCE
PROTECTI ON TECHNI CAL FI ELD This invention relates to circuit arrangements,.
for controlling the power provided to a l|oad and in particular,”tbqﬂgnﬁgf
circuits for controlling, for exanple, the lum nosity of a light or the
speed of a fan. BACKGROUND TO THE I NVENTION Dimmer circuits are used to
control the power provided to a | oad smch as a light or electric notor
froma power source such as nmains. Such circuits often use a techni que
referred to as phase controlled dinmmng. This allows Eomer provided to the

load to be ﬁonltDWMER@IRﬁéUH MYUER AVEROVEIR AND B TN EL QAL t ch
connecting the dtoth i ti duri i
cycle. For exanple. it volt SN PHANGEIRGTERAIENer source can be

represented by a sine wave, then maxi num power is provided to the load if
the switch connecting the load to the power source is on at all tines. In
t hi s waylHGENICRAd FIoL A energy of the power source is transferred to the
load. If the switch is turned off for a portion of each cycle (both

posi t i velhinthveaganireke)es tolsdul asragiemanshiglr cartieHinghetieves previgieeto &

effectively isolated fromthe | oad, thus reducing. .the average.ener

o ovi dedordanfigh PRESUIARE dURaIRLBEu MEREmCR L Gh TP e EACRREORRt hal 1

way thro?%gie@ﬁ%@tﬁ%{%e%d dhen only half of the power will be transferred to
d. ause ) ?yp ’

t he | oad. es of «circuits are often used with resistive

| oads and not inductive |oads, the effect of repeatedly switching on and
off power will not be noticeable as the resistive |oad has an inherent

i nerti a BACKGROUabVEr 8HE INYEBNTIWN | be, for exanple in the case of a
l'ight, a_ snmooth di nming action re?ulting in the contrqgl of the [um nosity
of the |Pipmer grgwits aracisad dosonied theeaper pray tto@o]@ag;ﬁuf-]?ﬁésﬁ R ski | | ed

In the Hetric 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 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 alight, 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 CEp 2 nnn 2 A power sem conductor in the formof a triac is typically
the principal load controlling device in phase control dinuning7 5 SEP 205
applications. Such a device offers advantages of relatively | ow conduction
| osses and hi gh robustness, but has the disadvantage of operating
sensitivity to | oad type. Wen controlling magnetically saturable inductive
| oad types including electric fan notgrs and particularly iron core
transforner based | ow voltage |ighting, asymetrical dinrer conduction nay
result. Wth these load types triac_latching  into the conducting state may
occur o#%POMWTéﬁ@“ﬁ&ﬁhmgyﬂpéﬁﬁéﬂﬁﬁPf?t@@%mﬁbp¥ﬁ@Yﬂﬁ?%@%ﬁEél%@dnagnetic
asymetry in,the,l aad. ce this.condi.tion _has.co nged; .t 4sS generally
Suot af neanolmedsOitin PR el FReubkeRr lERF RSB adisvise ofdader bat ed

A sever e f.ad g%g rn%}l?xtikél?‘%%{l@!&%h@ﬂ&ﬁlés@és anet {obaxﬁegs,wtm e results

in a corresporntdi g eve current conporient. This can rapidly | ead

to overdigalvargagd ofipaiRtiyg verativigs toloatiheps.r ansformer. General 'y, di mrer
units specified for use Wi%h i nductive |loads require the use of very

sensitive triacs so that the likelihood of asymetrical operation is
reduced._, Sensitiye triacs. are conparativel. ess robus nd therefore not
s o ¢ abbenrontrolia Brasrt e Mg CalsanEaiToled 1o SeluBRE el Siron; oot
of the p i i .0 D i i appar at us
of the RABRRSknl DERLIRN SRR AR ARk LI BN aRd. spparatls
to a firgslnAaperhl @imiRe @RSV iy e8ddleMWilhhees load Ry By HRe 18RIt ection
circuit for protecting a dimer circuit controlling an 1 nductive |oad, the
pr ot ect iiato thei condiut Eng REEtediaygccanoniyhial ardel Ogtcbcpaarityodudés dut i ng an
asymetrical operation in the load; and circuit shut-off means for_ causing
the di nmueseiceabinagnetispspmapdiiail thy loapoRnde tlie croition hasconypamacy ilcal
operati 9 generally sustained as the asymmetric load impedance condition becomes
exacerbated. A severe reduction in load inductance for one half cycle polarity results
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
circuits including: 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.



TPJJ nmtUG6 3 According to a second aspect of the present invention,
there is provided a | oad inbalance detector for use in a di mrer gj;qut,
controlling an inductive |oad, including: a |oad DC conponent deteét®r’ 2605
detect a DC conponent in the |load; a conparator for conparing a magnitude
of the DC conponent detected by the | oad DC conponent detector with a
reference vol tage; and a signal genera&ing nmeans for generating a circuit
shut -down signal if the DC conponent eXceeds a pre-set DC voltage

t hreshol d above the referenced voltage. Preferably, the | oad DC conponent
det ect orAderdicgsoa ordbspashpbiienrepentanveiin itheredypravidedadeadect s a DC
sub-conmponent in a negative, cycle and. wher ei ai d ni.tude of the DC
conponerRE el Ao S ho BB CHEUR copBeT e bbb dotbonent s
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i vi der DAl o R R e b et DB RN et o
and a seeaishrh®Tif6f &mPhNhsema@iaide ¢0the BT e6iipdgestdctetied Hytthe dmpnent in
t he negative cycle and wherein a divider junction of the fifst chainis
connect ddCtcompdiiens tiewite vath a refepacetvoltagechral a signaldganeraimeg ireansfornt he

second chain is connected to a second side of the capacitor, a _voltage
across GRNERAtEEA Fides! shtclompsignade the HRreompopsnpseesds 2 Presdidbl y, the

conmpar at or, i ncl udes fir transi stor having its base connected to
said firettage QBEO@?I:’@VS;%%E‘%}%&@CS%aoﬁfﬁ “enmitter connected to said second
side of said capacitor and a second pnp transistor having its base

connected to said second side of said capacitor and its emtter connected

to sai d Hrefeghbly] de 10hd $HI domppachi diteatod demets a D@Sﬂﬂ@@ddngfm@@{tliﬁat or
connected to an input of said signal generating neans. ternatively, the

i nbal angmsitétesgychr aniéteistts 2DEi pendstinedwsetec e and vorereiserdidd of
consecut| ve P05 51 42 BOLISIALLYR d2'dterShSt Betwect the oephetivd B fpal ance
components.

Preferably, the 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 the 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 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 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.

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.



detector will register a |oad inbalance if the difference between the
consecutive positive and negative half cycles exceeds a preset thﬁ%SQQ%dnwn
25 SEP 2005 4 Preferably, the circuit control neans causes the di fert I
circuit to shut down. Optionally, the circuit control means causes the
dimer circuit to reduce a conduction angle of the dinmrer circuit to a
poi nt where the DC conponent reduces tg below a preset threshold. The
invention therefore elimnates the need for traditional nethods of
attenptlng to. reduce the |ikelihood of |oad inbal ance usi ng expensive
conponedtreferdRy phepESERIcPTONTEENT FEUIORMY RissmEer gifet 10 §1P1‘btv€:go"éi“-!‘o irst

enbodi nent of the dimrer circuit of the present invention; Figure 2 shows
an alternative arrangenent of the triac control circuit portion of Figure
1, H gu Wﬁ“neaa if @Mt WhdAR QOB 1Rk it i C‘ﬁﬁ't@r}e(ﬁ@(}é pe used as an
alternat “the v tage swtch control circuit of Figures 1 and 2;

Figure l&oﬁhﬁ&ﬁozﬁaﬁglﬁmf ithé @thniledekcdit &gt poitfwhore the DXlicémpbnéntgeriecds and
Figure 5 shows an alternative arrangenent for the inpedance |oad inbal ance
det ect orto pefatw erprofet Higgsheldl. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENT A preferred circuit design of a 2-wire, |eading edge phase

Cﬁntro! l'ight dimer/fan speed controller is shown in figure 1. The design
shown i
conpat : Bitis he 18%%}'%1&1 Hﬁ—:‘lrg % §ﬁ1 ?E[tlaé’ thee]fi{egeg(\fkﬂé iﬁ?ﬁﬁtﬂ)ﬁaﬁ' ?ﬁet{i&d Sf z:f‘tl( 1{9{ ﬁg‘?@égﬂ 'CC

I nt erferr@aﬁ@e ﬂx%Ml&ethaa df@osgﬁ@l%eaéﬁ% ¥ng BRp&isieddmpdiients.anount  of
radi ati on generated by dimmng circuits due to the h| gh frequency

switching of the circuit is heavily regulated and such circuits nmust not
exceed the regulated | evel of EM

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a first embodiment of the dimmer circuit of the present invention;

Figure 2 shows an alternative arrangement of the triac control circuit portion of

Figure 1;

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;

Figure 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 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



The circuit design of figure 1 controls the |level of EM generated by the
circuit via active control of the rate of rise of |oad voltage at .each
main half cycle. A power seniconductor in the formof an | GBT is?dsed’f dHb
this function. The 1GT and 2 5 EP 6 0!106 5 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 | oad
current once the | GBT has perforned th required sl ow switching function.
Thi s reduces power disskgation to a mnimum since it has an on-state

vol t age asengeated daive aoatrobeirewidry issPnpedteg e Bvndteiden a guidedyelgete | GBT
circuit of figur can.be separated into the follow ng blocks: - |ow

vol t age 9%@%6%&%&0?@“?%% @Flﬁgﬁg‘ageero cross detector - power up drive
inhibit - control timng - |GBT gate drive Power for the I GBT control
circuit is derived fromnmains via the load, in each half cycle during the

tine pera gdvkeftaneislisBd topahdld e lcalbRieRiSondedhe MBI aspe®rmedlthage
appears across the dinmrer. Overall current consunption is |ong enough to

al | ow t hequised sfovaswethinigdehytivnwds ssiyzas power deisipation totsainmiprowi ded by

R1, R2, R4 .and R5. A snoothing capacitor, .enough_.charge provided
at the $ingett s @aeﬁ-st%f@‘fpﬁtég%ﬁéﬂf%t Pébi“fcfgct:g? ?@gﬁ ﬁ’é}ag? éﬁ%ﬁd%wr’t he

remai ni %t%eri od, with relatively low ripple voltage. Excess supply
current |§ shunt ed by vol tage regul ating zener diode DZ1 with the

resul tant of nom nal DC power rail of 15 volts. This arrangenent provides
the I ow voltage DC power rail block referred to above. The nmi ns voltage
zer o cr o8® ldsecitrarit veSghs T ke loosdpachtetliinionde dollowirig Bldekxr i bed in

- low voltage DC power rail

- main voltage zero cross detector
- power up drive inhibit

- control timing

- IGBT gate drive

Power for the IGBT control circuit is derived from mains via the load, in each half
cycle during the time period before IGBT operation commences, ie. while mains
voltage appears across the dimumer. 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
DZ1 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



nore detail below) in each half cycle after |oad current conmences. Tim ng
is allowed to start again when mai ns vol tage reappears across the circuit
inthe following half cycle. For resistive loads this will corresp8ngre o
mai ns vol tage zero 260r 6 crossing. For inductive | oads however, this )
corresponds to load current zero crossing, which occurs |later than mains
vol tage zero crossing. Transistor @2 wi.th its emtter connected to the DC
rail, has its base driven by the pomep supply vol tage droppi ng resistor
chain described above. The collector pulls "sync" high whenever the

vol t age caessozs Homendugiiveroady bewvevers thje rewespraidadodead curpenk zege.

Conver sel ﬁ? .Whe ,rrﬁi ns v?l tage exists ross the dinmmrer circuit, transistor
Q@ base @ Sﬁli’%r“r’]]juﬁ OFF R 1T b@@@sb‘f‘)jé@ﬁ,ze]p?%l‘\f’éﬂpgng the collector from
pulling up. During this tinme supply current is delivered to the DC rai

via base-emtter shunting diode D4. Reset of the controlled timng

capaci t ofrafdistcy QRWION ifRemverdosabacd eo theDSi ratlphadihbasewtrivdn bstlidr i ven by
limting resistor R21 from "sync" output of . Transistor QL2 has

base- enipdveer sypdp seltagedigipng Redstan dhaiaplsirilrd @8oveoThe dokdector pulds at e

| eakage , and to _enhance EFT immunity. The function of the power-up drive

i nhi bi t ‘Bypekhigh whengiky b vereeomars 18@%@%@6%%@&%&%@& or the
first few,min_-hal f cles at . - t rari - .. Passi .

cont rol “VfieoCeRsaefy or ey BaR SRl Bt R URL bRl PR ORE,
correct cg@gééé AR bR SR T Er 858 blasEB GHANESTRg WY &lel @ ifRSn YRLIKY up.

est abl i shed DC voIt]age reference to function.” A small capacitor Cl,

ef f ect i viehyingohiseheguplytduerddCis deliteredtoitiedd€ railots hane-enitted sloaetig t o
drive discharge transistor QL2 during the period while the rail is rising
at powerdigge B .ocki ng di ode D3 isolates ClL from QL2 drive circuit once C
has becone conpletely charged after the power-up event. Resistor R8
thereafter serves to hold Cl1 in the fully charged state, in addition to

Reset of the confrolled 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 C to reduce off-state leakage

and to enhance EFT immunity.

The function of the power-up drive inhibit block is to inhibit the operation of the
dimmer circuit 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 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.



provi ding a discharge path at power off. The control timng block is used
to provide the dimrer circuit wwth inmunity to mains voltage ripple
injection. 22 2 13 SE- p 7 At the start of each mains half cycl&b B P gy
capacitor C7 charges via mains/ load through current limting resistors R6
and R7. A reference voltage 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 a?proxinately two di ode, drops above this reference |evel, as

det er mi risidhgyptazept eachapamededaysleotigipg caﬂ%mtorr&?sql‘satrsﬁ%smm@lﬁsz]paér to

initiate, | GBT operation. At.the.pre- ined.threshqgld volta e timng
capact t G- RAgiRg . LU SRR ATt AR Y

oper at e t.he, B{déﬁE ﬂZ&,‘é%uféyatﬁgpfesﬁsttm% is“Qéééﬁég@aiargé geRBtsIaledirbng angl e
is facilitated by a variabl € control voltage sourc connecting to the
negat i veeghiigitiol thd eimihgipigc@apﬂﬁﬂ teltageldyi theqanithad silobf @feniist aldeys ved
from zener diode DZ4 referenced voltage using main di mer control

pot ent i aretlen leyRlof apprREithateterwordéslagrops aRpge Hrid rdesnse dercles a
soft-start featyre at power up due the zero injtial ,capacitor t age
condi ti .te@@pﬁéﬁmﬁ@ﬂs% EoRbeted ol dos %&Wlﬁ%@%@% SrdeRruRRICB)

cascade si S 3 ide ' e vol t age.
et ot o HGETE) AR PR ek Ror e Bl SPSERE TS P oage
ef f ect s.ciMerk RedFRXEAUNLGBIIGH Q¥ 8l AU 16 bRErABXAMIB T HAKE LofBBHsEEE.ON
angle), the required timng capacitor charging voltage is at its lowest.

The mninumrequired timng capacitor charging voltage is equal to one
forward vol tage di ode drop, as _determ ned by diode D5, in addition to a
smal | vohdjagenertrdsentretfisingranglels faglitatedhrip varnbiawpie goNege powre

absol ute v fol : : , :
comawlleé{}engogo ﬁ\@?le%gg'ﬂsé s%lle%q T lﬂm{lg fc%ga?crft%% YRk t8%801 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. Buffering 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 maximum dimmer conduction angle), the
required timing capacitor charging voltage is at its 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 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



Consequent |y, the maxi num conduction angle is inherently limted, being

| argely independent of conponent paraneters, thus ensuring sufficient
current is always available to supply the DCrail. Resistor R11 ¥$ SEP 2804
included to further restrict the maxi numdi mmer conduction angle. PTCl is
pl aced in series (on the reference voltage side) with VRL to provide
automatic reduction of conduction anglg in the event of di mer
over-tenperature due to over |oading of the product. Trinpot VR2 is placed
in series (circuit common 2 J JLP 2006 8 side) with VRL to_all ow

adj ust mende)orith R ioraliavrrdinsboent ¢ihamynanupgycondustiog angee, biiraismgithcont r ol
vol tage. The IGBT%%afe grive control circuit is provided by transistors
QL6, QL7THHEUEB OB V& it behaves as a non-retriggerabl e nonostabl e and
provi des controlled gate drive current to the IGT to achieve the desired
sl ow swi tching outcone. Transistor B, connected to the DCrail, acts as a

SW t ch tThSIBBT gate@BivOairaleirtants ?fc&zicﬂédﬁa? FrankBSH8II6, RAY aaid QBIrTheon.
Transistor QL7, connected to circuit comon, acts as a swwtch for rapid
di schar geércufit heBBVegat @ nohaegiggerallammomistabl@aseé pdevides comireled gate driysut

transistor QL6 is sourced hy fromthe control timng ircuit. The
base- em F¥ELE ﬂb@f%%%&a@yevfgwéeé%reaf@f%ﬁwﬂéfﬁgwlffsw@%fa@%%@ of f -
state | eaka n [ it ' .S, not

ar ven, CoPaReid eI aGe e v IRy Sruc OO LAREFAE B iR s
and RA48,..8Q3r188 4chrn 6R! TRELRIorRY e ohhi& td BB cidliEcdntdie alls 26 AakaRH (O T)
state. In this condition, transistor @ is not sufficiently biased to

oper at e. foYWepidtdiadisirgé of ICAD ghie dhiargem, turesifst or R35 provi des sufficient

bias to operate transistor (b, which provides tenporary regenerative base
drive for transistor QL6 via RC network R37 and C8. This result in

Tonost 2 ¢ 2t Lon {SRRLOKL I 2200 1) 1.0, SECPNdn. Rk, AL Bk O 70
circuit. The base-emitter is bypassed by resistor R27 and capacitor C4 to reduce off-
state leakage and to enhance EFT immunity. When transistor Q16 is not driven,
transistor Q17 is sufficiently biased via resistors R3, R13, R35 and R48, so that the
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 turn-on characteristic for EMC control
at IGBT turn on. The values selected are specifically suited to the IGBT used, in this
case JRG4 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 this circuit is to trigger the triac Q23 once the

IGBT has completed the slow-switching EMC emission reduction operation, on a per



The conbination of | GBT series gate current limting resistor R38 and

paral l el gate capacitor gate Cl4 provides the required slow turr ;Qnsj_.ij .
characteristic for EMC control at IGBT turn on. The val ues sel e?;%d ey 005
specifically suited to the 1GBT used, in this case |R&G BC20S. The triac
control circuit is showm in figure 1 in the circuit block on the AC side of
the diode bridge. The prinmary functi 0g of this circuit is to trigger the
triac Q23 once the |GBT has conpleted”the slow sw tching EMC eni ssion
reduction operation, on a per 5S: U E 2 i7r"2 9 half-cycle basis. An
essent i almifycw@w-i@aﬁs&‘gnﬁéw symanqised disuiisypefetoPividea §aresatari ve

pul se in,quadrants 1 and, 3 drive polar.it ol | ows. mains, Rolarity).
Add ¢ oS Bet rofte SERH el e tarte Pardtitn fotl St SRR S RET e
over-current protection and di mer over-voltage protection. Either of
these conditions result in inmediate triac triggering. During over-current

condi ti oRgditforial AxaEphe petfoeapd esabetrihncsigholeucuaihdlude beet-cugenshunt s
current away fromthe 1GBT. During over-voltage conditions (for exanple
mai ns t rpnestcsonsind dinener pao-wbltagei prgteatiphoRither eftbesereonditeons easht émt
potential to_the |oad. The t[hi ac control circujt derives its power fromthe
Tei ne. viEORSAFEEC THCEHES MR OYgEFRIaRT SRS CPHExasaPFod bef or e | GBT
operatian co e hat. | i€ i

o mmer - ARG AGEC Ganrt et s et et RERRAR S ERRHE o &

rel ati veloerlQia E%éﬁ@ﬁfdr@@fd%%hﬁl?lé’ﬁlaﬁﬁrﬂnﬁ&%),%Qfac@k@nti BetiBh8  and
R19. During each mains half-cycle, current provided by the resistor chain

i s used triisfeiahgerahhientcpp@atitbro BkAoddd a voltage with polarity determ ned
by the mains. The voltage devel oped across capacitor ClO is limted to
approximately 20 volts for each polarity, as defined by shunting zener
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cycle during the time period before IGBT operation commences, that is while mains
voltage appears across the dimmer. 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.
- A 100 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
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The operation of the circuit for the negative mains half cycle is the same as described

above but uses the mirrored set of components.

Applications utilising isolated PWM control for dimming level require that both the
IGBT (Q22) and triac (Q23) together with associated drive circuitry is permanently
cormected 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 load is effectively in the off state, due to the very low
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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 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
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preventing possibility of triac operation.

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

limiting protection under mains surge/ transient conditions.

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
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The operation of transistor Q14 results in simultaneous application of base drive for
transistors Q10 and QQ11, 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 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 Q10, immediately operating the triac, to divert current away
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operation. The presence of current sense resistor R32 in the IGBT circuit current path
introduces additional voltage differential, there 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 L1 to

form a second order low-pass-filter.

A particular advantage of the present circuit is the ability of the triac control circuit
(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,
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In this way, the circuit configuration is far simpler than prior art designs which
require a separate centralised control block monitoring electrical parameters of the
IGBT circuit, determining when the triac should be fired in relation to those sensed
parameters and providing control signals to the triac control circuit. Alternatively,
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 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
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disactvantage that the presents of current sense components necessitates larger EMC

filter components, and lower overall efficiency is achievable.

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 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.
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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 discontinuity in the load
current wave form. Attenuation of this emission is achieved by a capacitor C15 place
across the dimmer terminals. An important additional role of this 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.

Alternatively, the dimmer 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
itself. Although possible, this technique is not preferred as it would typically result in

oscillation between symmetric and no asymmetric conditions.
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the timing control bypass transistor Q12.

Transistor Q21 acts as a blocking diode to prevent any latch operation by the zero
crossing 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.

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



| eakage in the respective transistors. Simlarly, capacitors C5 and Cl6 are
present to enhance EFT immunity of the latch circuit. In addition,
capacitor C5 provides rejection for any high frequency signal c@npdiéntiils
fromthe inbal anced detector output. Wien operating inductive |oads, the
dimer circuit incorporates a noderately sensitive triac assist in

achi eving an acceptable | evel of perfo nce, particularly in terns of
operating synmetry with worst case |oad types, ie. |ow value VA highly

i nductive | oads such as exhaust fan notors. In nornal dinning operati on,

t he | GBTherefereallsoineprases s abilitycvidbe byjad torapegatefsucepsstully widthantler a fi xed
tinme de&g&kyﬁgriag this pre-triac conduction delay time period, the

i nduct i f OgYPrent has an opportunity to devel op in magnitude. This
delay time J 3 E!" t Re:r 19 therefore also increases the ability of the
triac to operate successfully with such difficult |oads. At very | ow

conduct i Qv aRIbR ERIluCAES ARSI EIngstHIBY &7dfpthelenlafBéf ihbelfeiint i@arl  current
avai lable fof reliable triac latching. In this case, a low |level |oad DC

conponentrwint bvhigalde soraietieblebyiat keclingnier thiscasebiomatdvehloaidtPCt he
non-1linear | oad inductance. Under these condjtions, there is _no danger of

damage tcompens adlldgsusiginedhly thg dimpmer {n epbinasion it He Rerphinegidead f

| oad DC, | becar i t,i f | mbal

det ect or NP ARG SIS T ORRRSa U eHEs TaReat Pantaeae R iCBEREFET
capacl tyg l'éiaﬂﬁéaIXQBﬁzcﬁﬁé)ﬁ]\ﬁe #t?%nééﬁi@écf{@ TARGS [8¢ € oRor@BNRNRlsIDecSHet abl e for

| eadi ng edge p e contro s owmng to the additional resulting dinmer

pover diseipatd @feraiibe ohilghntiRpatictdutetbaivii agtoatdtically shuk des ther ease |ine
conducted EMC enission |levels and may produce repetitive high frequency
ri ngi ng dibunetenérolt he mai ns vol t age wavef orm

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 increase line
conducted EMC emission levels and may produce repetitive high frequency ringing

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

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

condition is detected as a steady state.

A more detailed description with reference to actual components involved follows:

During load conduction period of dimming cycle, transistor Q2 collector can source
current 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 capacitor

C7.

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
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is not driven under symmetrical dimmer operating conditions, where input signal
amplitude is normally low. Resistor R207 reduces Q203 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 asymimetric dimmer operating conditions, Q203 is operated in pulse mode, at
a low duty cycle. 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 critical 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 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.



Under asynmetric di nmer operating conditions, Q03 is operated in pulse
node, at a low duty cycle. An RC network conprising R208 and C204,is \sed
to provide an averaging function for the resulting pul se train. Tfan§Vsté#f
Q04 fornms part of a latch «circuit, which is triggered when the voltage
across C204 reaches a critical level - as defined by voltage divider
resistors R209 & R210 in conjunction m% h Q204 base- emtter threshold
potential. Transistor Q05 in conjunctfn with resistors R211& R212 forns
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appreci ated that the above has been described with reference to a preferred
enbodi mrent and that many variations and nodifications are possible as woul d
be wunderstood by the person skilled in the art ~R 23 THE CLAI M5 DEFI NI NG
THE | NVENTI ON ARE AS FOLLOWS: 1. A protection circuit for protecting a
dimrer circuit controlling an inductive |oad, the protection circuit

i ncludi ng: an inbal ance detector for detecting an asymmetrical operation in
the load; and circuit control nmeans for causing the dimrer circuit to
reduce a DC conponent in the | oad upon detection of the asynmmetri cal
operation. 2. A load inbal ance detector including:



a | oad DC conponent detector to detect a DC conponent in the |load; a
conparator for conparing a magnitude of the DC conponent detected by the
| oad DC conponent detector with a reference voltage; and a signal Z sk Ll
generating nmeans for generating a circuit shut-down signal if the DC
conponent exceeds a pre-set DC voltage threshold above the reference
voltage. 3. A load inbalance detector,as clained in claim2 wherein said
| oad DC conmponent detector detects a sub-conponent in a positive cycle
and detects a DC sub- conponent in a negative cycle and wherein said

magni t uddiBbCLARDOBIMYIRehtlE INVENEIQ@ AABEeﬁiéCEéﬁﬁﬂﬁh the respective DC
sub-conponents. 4. A load inbalance detector as clainmed in claim3 wherein
said | oad DC conponent detector includes a first resistor divider chain
for detecti j - [ ond
rosi st o dr i Ottt dor BREARRE ool R B i L T Ve
cycle and ﬂﬂ@p@ﬁgﬁﬂmqm%uQQﬁdbuﬂ%?iOn of the first chain is connected to a
first side of a capacitor and a divider junction of the second chainis
connect ed t 0 aa isdwbnttesictertof forhletetipgeirt aymractraht agerationdas shadvadh

provi des said magni tude of the DC conponent. '006 2 O P 24 5. A load

i mbal ance d@ect or as cl ai ned in claim4 wherein said conparator includes

a first pnp transistor,havin nnected tq said fi side of said
capaci t or an&”rPg Hﬁp‘gPaE%ﬁ @P@@gﬁg ?g 8“?&55H3q8 u%ﬁagﬁid capaci tor,
and a secqnf n‘cix@g@léé&h Bﬁ‘ﬂe@@cﬂohsofl%ﬁé éeﬁ%lp%Patﬁﬁ{d second side
of said capacitor and its e tter connecte to sal d st side of said
capacitor, and each respective collector connected to an input of said
signal generating neans. 6. A inbal ance detector for use in the protection

C|rCU|tIbfAdbadmmbﬁkMMGﬂeKﬁﬁﬂhedUdnnalance detector detects a difference

bet ween a cont ion perio
é{ e cgmponent detector to detect a DC component in the load;

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. Aload 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 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.



consecutive positive and negative half cycles. 7. An inbal ance detector
according to claim®6, wherein the inbal ance detector will register a |oad

hal f cycl es exceeds a preset threshold. 8 A protection circuit according
to any one of the preceeding clains wherein the circuit control nmeans
causes the dimmer circuit to shut down.,,9. A protection circuit according
to any one of clainms 1 to 7 wherein th%icircuit control neans causes the
dimrer circuit to reduce a conduction angle of the dimer circuit to a

poi nt wher é Iohd imbabowp sletastorrasdlaaedtio drirphmdepeiasaid campastion d.
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 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 circuit 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

circuit 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 circuit to reduce a conduction angle of the
dimmer circuit to a point where the DC component reduces to below a preset

threshold.



