TWO WRE DI MVER W TH POVNER SUPPLY AND LOAD PROTECTI ON
CIRCU T IN THE EVENT OF SW TCH FAI LURE BACKGROUND OF

wa keI NSENTI ON [ 0001] The present invention rePEr/@S2000018909
power supply circuits, and nore particularly, to power
supply circuits for supplying power to
al ternatingcurrent (AC) | oads, for exanple |ighting
di mer circuits, and wherein thd circuit enploys a
power supply for _providing pomer to a control circuit

cont r gy e rw Y‘F (D ‘P%dl"]fCTION

switch failure™ ]

T abl e
for exanple Ilghtlng

3 A i o T]§Iow—vo|tage l'ighting

Ioads V\,hl ch are suppl i ed vvlth AC power via a

st ep- down [00087sf ahegiesetityipyadioh Yelais tSgdvwdris@pply circuits, and
transforner. These step-down transfornmers step the

vol t agfe multaﬁ ttB ka@}l\fg a%ltg resllug%%ﬂ{g WA Qltekgatlng_

to 24 volts, neces ary t p}favvert

robI I Itae tin oads_e

g RO AT R m%yvﬂgrem the circui
li ht|n is that the_ transfornmers are susceptible to

ans MPELYS APOMYEE ﬁ't‘PPFBD@)r PEBHIBR EAY'ST Br2 qoriol gFquifpentrolling a
across the transformer. A DC conponent in the voltage

acr o§¥iteHag chantsupphing pewerdathedoahand whieh poateass thedoad in the
generate acoustic noise and to saturate, increasing

t he tempef switctefadfiret he transforner and possibly

creating a fire hazard. [0003] In many countries,

there are[goayi r €mRM:Sfor PRVIGHE RaTRIOBEWE to AC loads are known,

for example, lighting dimmers. Some lighting loads are low-voltage lighting
loads, which are supplied with AC power via a step-down transformer, typically
an isolation transformer. These step-down transformers step the voltage down to
the low-voltage level, for example 12 to 24 volts, necessary to power the lamp or
lamps. A problem with low-voltage lighting loads employing a transformer, such
as magnetic low-voltage (MLV) lighting, is that the transformers are susceptible
to any direct-current (DC) components of the voltage across the transformer. A
DC component in the voltage across the transformer can cause the transformer to
generate acoustic noise and to saturate, increasing the temperature of the
transformer and possibly creating a fire hazard.

[0003] Inmany countries, there are requirements that such magnetic

low-voltage lighting loads incorporate thermal protection to protect against
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| ow-vol tage lighting | oads incorporate thernal
protection to protect against {00767245.1

wOQ owefbusas i ng. For exanpl e, sone nagnetic | ow ROI/USZYPE6/018909
l'ighting | oads enploy thermal sensors or fuses that
trip in the event of an over-current condition to
prevent overheating and fire hazards. However, this is
not &VERIFALEIEs 410 CEFUPIP IR mpgRCtiFdRYHPltaze lighting leadg gmploy
lighting | oads, and accordingly, it is inportant to
ensutiermabsensers lor fusgh®et @ipl inheienbefen dvghtimentcordigon to
particularly where the | oads are not thermally
pr ot eedvedt ovarleapng wedfisthdzads Heerehaathisig.nof H00idprsal
Dimer circuits utilize sem conductor sw tches, such

as t rrécflﬁfreﬁfﬁﬁt for ed@nedd BGLvd1a3H ﬁgﬁﬁﬂg Badd El& l)tccokﬁn%ly, it is

control the power supplied to the I1ghting | oad. Since

atr iiﬁg?ljtasilt B Qﬂs'h?e%lrlf{ﬁﬂ] nﬂ%ﬁét?cﬁlov&—&%%?? }i%i}i/ﬂirfgcloﬁgéﬁ hﬁrﬁigulaﬂy

shorte current w ow~I n both cles

subst ant i al co ent will b upplied to. the | oad.
Thus "HeHu e 1 GF BE to it Bratsiie ARt Pyl g By ting
due to a DC conponent of the voltage is not created. )
The end ud@Q04ds  (Dimmprrieitevitsptilize gerbigonauaton sydiches, uch as triac
problemw th the di nmer because the connected |ighting

| oad and Fieldeéfeghtrantsisters KFIBFS) giotcoeks] thedowesuppked igithe lighting
not be able to dimthe light. O course, if the di mer

SW t ¢éudf Bihe DR id HiairectiofalnieviReSif iteatia Gilsbbitei cagent will
the load wll not be supplied with power. [0005] A

Pr oblie® G ﬁa{lf-éﬁolfsgzgn\ﬁ%b_es"ubﬂ%ddi‘ o ShehfH1 Sé%g?}ied to the

FETs as the control swi tching devices. Individu

CETS G5 i B SR LD LS BB o

they are comnegted in series sychthat Lhe SOUces ol ow
that there is a problem with the dimmer because the connected lighting load will
be on at full bri ghtness and the user will not be able to dim the light. Of course,
if the dimmer switch fails open there is no overheating problem as the load will
not be supplied with power.

[0005] A problem does arise, however, with dimmers that employ

FETs as the controlled switching devices. Individual FETs are not bidirectional
switches, so generally two FETs are employed in an anti-serial connection, i.e.,
they are connected in series such that the sources of the two transistors are
connected together such that they function as a bidirectional switch. FETSs are

often used in dimmers because they provide better EMI (electromagnetic

interference) performance and more flexible control of the current through the
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connected together such that they function as a
bidirectional switch. FETs are often used in dimrers

whewanss9s hey provide better EM (el ect r omagneP@T/US2006/018909
interference) performance and nore flexible control of
the current through the (QQ76724S.1 )l oad. In di mrer

i | | : i1l fl th h, bot h
Cr i oY bl ek AAEE R royer pElinky Bl Rl
11 oW PSR (o Bt e Bt prishall nblesetthe AC source

transi stor (wth the gate being appropriately

contMEENe hetRo WK BNkl dle vt theough sher drdineonrrengtt efeefijst trambistor
t hrough the body di ode and/or anti-parallel connected
ext dwithithelgaie beiog appopraehymonssllédie medaathetdesingd didhing
In the other half-cycle, the current will flow from

t he ls@toad thfoapls tHetbody ¥l dRWhe fr bl pRAlIEN @nfedid E)tteﬁgaﬁdiode
gate controlled to provide the desired dinmmng) an

thr Q:Hﬂﬁbcwaeacgc?%? le’lred_ée%jrﬁi t?gnsg%e?k ?1’1 fli%tqtﬁ%?lgg'-e@h%g@%%qﬁ%t will

the anti - par connecte erna

bot i, of .t he, seri es-connected FETs. fail shqrted, the

ort g ki iu? HcoST ARG Faitathdng B G b€ Suieisprisalied o
The IanH |oad will be at full brightness and there

wi | IPredds,the gesitad fimanpgrad dhroagh dierbods diodeynd Ithesfizst wansistor
passed substantially conpletely, the lanp load will be

at sodsr thetantitpayallelibonnected bktessd diode. t wo- wi re di mmers
(i.e., dinmmers without a neutral connection),

t ypi cal | YOGS mellf bgrhlof thensefiés-tdiReded PEWS Fail $hoktRADYE Situation
fromthe AC |ine source to power the di nmer control

Ci I G4Hhb k¥mB¥s FREAINRIAS: POVEHorRRr 9% 1%‘21? c%h'mﬁfbe"é{@ Bl

the swtches are off, 1.e., duringt |loase cut

por r@pfs UTARUTH bERG YR e viEds PR BT bl rgpassea
no I:'c,ll‘ielysttarn%lal1y completely, the lamp load will be at substantially full brightness. In
two-wire dimmers (i.e., dimmers without a neutral connection), typically a small
portion of the AC power is removed from the AC line source to power fhe
dimmer control circuitry by obtaining power across the dimmer when the
switches are off, i.e., during the phase cut portion of the power provided to the
lamp load or before the switches conduct. This is because there is no neutral
connection to the dimmer. With both the switches shorted, the control circuitry
for the switches will not be provided with power. However, there is no

overheating hazard because there is no DC component provided to the magnetic

low-voltage lamp load, since both half-cycles are passed substantially equally.
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connection to the dimrer. Wth both the sw tches

shorted, the control circuitry for the switches wl|
woodoch2sps ovi ded wi t h power. However, there i SPEDUS2006/018909

over heating hazard because there is no DC conponent

provided to the magnetic | owvoltage | anp | oad, since

(0076724500907} oot PP BERETA rihubenera ppupt i GHisidedds the load and

power is provided to the |load and there is no

ov er thewgtis AQ oMerhedtng fagwds] The probl em of over heati ng

an M.V transfornmer occurs when only one of the FETs

fails. 1n[0808h cakeproblouditbverneatkdad MILV shosfoeakr octwes when
shorted FET will provide power to the | oad during the

conpdiy endaf fie GBIl €aild. Tn3bdease shbullge FET fdil @hortd¥e the shorted

FET normal ly woul d be able to control the power

del i]}f@f%\qu;)goeaéé’ihe%vgag? d rﬂ)%gdl%rﬁ% tg?%&h@é&' }Erlf-wl@%‘ RRBsence of

FET 1s sh_o , e _ er FET w _
e cHfFrbi dfe BEToRenaih Tl dsABRlp cdnFudh{ Shutinkflipt to te

it provides a phase cut_dinmmng signal during. its
hal {1989 EpRng hedaiidhyeler ORherene 17T isohpel, thediodsef the gther FET
switch will also conduct. Due to the asymmetry between

t he wilbcardhét-sineeliteis forwapitbiesady orhernthesiHHT Wil e entrgded by the
to the load, thus creating an overheating hazard. |If

no tdiemmalcoptroltcdtitatch thatit provitied a phageaive dimhdingf sigr@l during its
hazard exists. [0009] Should one of the switches fail

0pe NIt BRI E MR IR AN aRB ¥IEBREdEY the fsh Q1 QRER villl 148 ®nduct.
| eaves t'he body di ode (or external diode) intact

e e MBaS g BBLIG R St Lpbe MIRRLl v
fggfﬁi)rg idgﬂ toot grlcl;]aedja%}{urs] %reggrzlga £1r9 bvelr eattirr]lg hggaerg. Efa Aol tﬁg:r?nal
protection is provided, a potential fire hazard exists.

[0009] Should one of the switches fail open, there may be an
asymmetry if the open failure leaves the body diode (or external diode) intact
because in that case one half-cycle will be absent whereas the other half-cycle
will be present, also causing an overheating hazard. If the open failure results in
both the drain-source path and the body diode (or external diode) of one switch
being open, no power can be provided to the load and there is no overheating
hazard.

[0010] There is a need for a protection circuit in such dimmers to

prevent the described overheating hazard due to the DC component in the case of

switch failure, particularly in the case of magnetic low-voltage lamp loads, which
{00767245.1)



both the drain-source path and the body di ode (or

external diode) of one switch being open, no power can
wheoopneaspiled to the | oad and there i s no over hrer/USZP06/018909

hazard. [0010] There is a need for a protection

circuit in such dinmers to prevent the described

overiianl an AZand ifateder D GO PPANE N ol D135

of switch failure, particu gy, powerw
mag 00767245,

{ha 12avifed (1 Bl B ob TRyl rgﬁvéwuft&“reﬁs ¢logmablghe gontrol
failure r..is provided to the power supply contro
ci r L]J‘icimlfygq(%vfeh%' %T@Fo?t@“@ﬁ%ﬁp%raﬁehé ageANMnELIo asi tp ceduce pr
of the dinrer _to continue to operate in a manner So as
to rcdEipae e RE cpmparantt he DC conponent. 076724S. 1

} SUVWWARY OF THE | NVENTI ON [ 0011] The present invention
provides a dinmer circuit for providing AC power from
an AC voltage source to an inductive lighting |oad

di sposed in series with the dinmer circuit conprising
a bidirectional sem conductor switch having at | east
one control electrode provided with a control signa
for controlling the anount of power provided to the

| oad, the switch in normal operation being able to be
controlled to block voltage in first and second
opposite polarity halfcycles of the AC voltage source
but in a failure node being able to block voltage in
only one half-cycle of the AC voltage source and not
being able to bl ock voltage in the second opposite
polarity half-cycle; a controller for the switch for
determining if said failure node of the switch occurs;
a power supply for
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suppl ying power to the controller and provided with
power across the dimrer circuit; the controller

W@ owbnoishs ng the switch if such failure node ORPCI/US2086018909
as to: drive the switch into substantially ful
conduction during nost of the half-cycle which the
SW t ' ntrol. and drive the switch into
non %Wé??{loﬁf?h%@% élloﬁﬁnterval of tinme during
that sane half-cycle so as to prevent a DC vqlta%e .
conmponent[08LHp| iﬁbﬁﬁréseph@vprﬁw rPvideeX diEmerrircyit Tor providing
predeterm ned | evel bel ow whi ch excessive transfornmer
heatAGgodeefomatn ACyaltage doarcely amimiuntive hightongdodbdisposgd in
of the inductive |oad and enabling the power supply

for defies wnthedihgtertccliecahpvdige s bisidtebsal Sdrticemtiuctor switch
voltage fromthe AC voltage source to enable the

contyQ|deett 1daRt SRMhBYEIE @0 ‘f,%cﬁﬁl@e xféﬁ%%mﬁﬁ @fgthiW fatg (C:ﬁlﬁrolling

t he present 1nvention, where é gi irectional” s f

' I - j d _FET d .
oG A A0 505 B DRE R R 3 2B i
b o S ol S iy

which the switch is able to control and drives the

swi tayples of Benyh veliaggisotice buf ipra failine modsrhedig ghe tablodf voltage
time during that half-cycle so as to prevent the DC

vol tingely eedlalfbmiciegpfshup Al edtaposdunee aidi e beigglabrdo bigek
exceeding a predeterm ned | evel, bel ow which | evel

eX Ca%¥thyeintthe Bscofd BBFosRY foRBA! hilc I8 % d@)ﬁﬁrofg&%jf the@W&kch for

enabl es t he power supply to be provided wt
suf fj.ci . . |
coniofrind B shREILE iR U e BACHORELS, & Bbwlibuply for
continue.to operate and .can provi a.fault signal ..
o bt ing ToRaE g sitorfed ang bRideS s S iR cimmer
for exanpl e, innkin% a. o )

circuit; the controller controlling the switch if such failure mode occurs so as to:

py

drive the switch into substantially full conduction during most of the half-cycle
which the switch is able to control; and drive the switch into non-conduction for a
brief interval of time during that same half-cycle so .as to prevent a DC voltage
component supplied to tﬁe load from exceeding a predetermined level below
which excessive transformer heating does not occur, thereby minimizing
overheating of the inductive load and enabling the power supply for the controller
to be provided with sufficient voltage from the AC voltage source to enable the
controller to continue to operate.

[0012]  According to the present invention, where the bidirectional

switch comprises two anti-series connected FETSs, and one of the switches has
{00767245.1}



i ndi cator on a user interface of the dimer. Further,
there is no danger that the magnetic | ow voltage |anp

wo o@d/12d8P3 over heat excessively to a point thaPCT/US2006/018909
presents a hazard because the DC | evel is maintained
bel ow the predeterm ned I evel. Thus, the circuit
acc ] [avention protects t.he | opad.
T ora e onkioRe 0 B T By BL P Rl pu i imo fo
itsel fdfrom urt her dfaga%e and enables the controller
of t4PACEt ring mask o1 thg halficyels whichythe switgh & abletpicontrol and
The present invention also provides a nmethod for
oper&tvien resvdichritp neprcenductips formy a diinfpes©dpdwiene durorm that
an AC voltage source to an inductive lighting |oad
di spuodfeyclensossitd peventtthe DitevaliageriiveLhainglsipplisd &) Bk Attached
the di mrer conprises a bidirectional sem conduct or

sWi tlodd framigrgeeling £ptctORMEnORNEIObelBlaFhiER I e PEQUisIRA

with a control signal for controlling the anount of

po""ecfan_ﬁ’ﬂ'o%&d@\%rﬁé%gfl%ﬁo Osc}@g ocdd2 S é@g? glggjl%g{:egm\p&lx té)gbee

operation being a t e control

in f] second, opposite | arit | f-cyc] es of

t ne TAn s Pl SEERER SRR 0 Fnds G retaot s g emegate
to hl ock vol)tﬁ‘a e in only one {00767245 .| }half-cycle

of tﬂg‘“ﬁ\&’av ?ga@f@&a FEECOHAUS Bt onsEate gndipatieprowidp ladaudt signal
voltage in the second opposite polarity half-cycle; a
contin@fatiag thara fanlée heswacutred by the direme, fiomeggairiples alinking a
failure node of the switch occurs which can cause an

asy imditatyr dred wee intédigcchdltiic dixehes Fdahéry 8efdisthe dalger that the
| oad and thus a DC voltage conponent to be delivered

oy | f i .
t 0 tR@nbaEbiv-Pol RMRImS AR W &Erh%h&%&ké@sﬂzgl}ft%‘éﬁ&%ﬁrtqg

control l er and provided wth power across

a0 L R T L
hal flév%}{ C’i"heus\,AMe%Prcuit according to the present invention protects the load from
damage as well as protecting the dimmer circuit itself from further damage and
enables the controller of the dimmer circuit to continue to operate.

[0013]  The present invention also provides a method for operating a
dimmer circuit for providing AC power from an AC voltage source to an
inductive lighting load disposed in series with the dimmer circuit, wherein the
dimmer comprises a bidirectional semiconductor switch having at least one
control electrode provided with a control signal for coﬁtrolling the amount of
power provided to the load, the switch in normal operation being able to be

controlled to block voltage in first and second opposite polarity half-cycles of the

AC voltage source but in a failure mode being able to block voltage in only one
{00767245.1}



the switch is able to control; and driving the swtch

I nto non-conduction for a brief interval of tine
waerosngisphat same hal f-cycle so as to prevent BCTS2006/018909

vol tage conponent supplied to the |oad from exceedi ng

a predeterm ned | evel bel ow which excessive _

tr ansfoEyeRs oﬂﬁ@h@\%lﬁgg Sofped alﬁfélgo %glr?téggkgtg%}??&n\%oﬂt] éel nhe

over heating of the in uct|v|eI A gt e

0 10 ntroller t provi ded w L.
Sut g Pé%lFet 05%4%? FERYR ’%@qukég% the,eivikch fop ditzl]ﬂmmng if
enabl e e contrqgl]ler to continue to operate. [00

The Sﬁ}de'{égwte W?f{?é)gttewowlfcg‘r%%ﬁs Vhieh faneanuse areadyoundtyr between

operati a dimer circuit for providing AC power from

n
an Aes b@l?ﬂ@j@s dediyered te thednad anditbus ¥ DA valtaige bompot to be
di sposed in series with the dimer circuit, wherein

t he ddlimered taihe derdt a powpr suppBy far bBapplyies bbMBAb the controller and
sem conductor switch having at | east one control

| eghrsvaded RitR Yoo hads Rheédi r J r . o
ion?irr d(S)I Iﬁ]g tt ﬁe gldn%da?ﬁsmoe;‘dlggﬁm%rcgjglﬁ%’vt?g gdg ﬂ{ogi PR qsglgdi’n ving

ch ' .bei,ng able to b )

contTor T i SpAdRte SRS BF Hln RSt B Bair-cvete which
' [ hal f-cyc]es of the AC voltage source

pat TG R 1Y e ekt s e suieh GunnowrombeLpmLor
only ope half-cycle of the AC voltage source and not
bei ?f? eg’&it%"ﬁl&fﬁn&d@rmélthaég@ne half+egcle QA6 R Bvent hI¥C volthge
opposite polarity half-cycle; a power supply for
supsPyperenp svpplied o the domtt frah esédedinigta grodetémanet BV@Mbelow
circuit and provided with power across the di mrer

Ci I ouhiidh exicbaiveRtANORbrBORIliAk BeesdRt 85 NhESH| Bﬁﬁﬁhgmﬁ
failure node of the switch occurs which can’ cause a

. hal f - ' t h
o et AR oA SR bFRERb, g ontolie
to [k ]br%@gi'ed Wit!hvshﬂgciénq %oltage from the AC voltage source to enable the

controller to continue to operate.

[0014]  The present invention further provides a method for operating a
dimmer circuit for i)roviding AC power from an AC voltage source to an
inductive lighting load disposed in series with the dimmer circuitt wherein the
dimmer circuit comprises a bidirectional semiconductor switch having at least
one control electrode provided with a control signal for controlling the amount of
power provided to the load, the switch in normal operation being able to be
controlled to block voltage in first and second opposite polarity half-cycles of the
AC voltage source but in a failure mode being able to block voltage in only one

half-cycle of the AC voltage source and not being able to block voltage in the
{00767245.1}



switch into substantially full conduction during nost
of the half -cycle which the switch is able to
W@ wbni893 and driving the switch into non- condeCt/U82006/018909
for a brief interval of tine during that sane
hal f-cycle so as to prevent a DC vol tage conponent

_ | _ component
" ovel i b R el TR PERET SRuften @Séa?%é”g dgag o
Ry LeirbRTOERS hisr o nd Bbvided i gpyer srowribe dimmer

control circuit to be provided with sufficient voltage
f r orfilicHE: he meshadqranprisinecdstermining i seid fadureanedeodf the switch
circuit to continue to operate. [0015] O her objects,

f eatageess veieh eanvcanscaessymindilyeepresighe halfregeies @glivetddito the
becone apparent fromthe follow ng detail ed

desdoadridothus BRI olRESERNPI N IHe dtlFeLBAVNINGS.: WL Bls the

The invention will now be described in greater detail

i N tshgtch ohtb QubdIEhRARY Rill %dﬁ%ﬁ&ﬁg&ﬂoéf‘% Emg&k@ﬁfgéy%ﬁc\shich the

to the drawings in which: |

i i.fi i i f i [ it )
:Inpnlrggd)l/t{ch gsdetltﬁé tbg@%ﬂglﬁ 61 g gggﬁlgltt eesvg‘lltcg;slgﬁr{qq%p&xﬁ%:tm_ for a brief

(67245, 1. 018] ,Fig. 2A shows an exanple of an
é?? %EVF‘F‘B}%E% 8*“6?47#16? %Wg‘@éf-%lq $0cas| te e vient 2 RE wilieae
of a shorted switch and which has aDC conponent;
[ 00 £oyPrRet sumplic douthed padsfammeieceding predttemtined kivel ety
switch; [0020] Fig. 3 shows waveforns in the circuit
of Mhich dxcessitdteansfoementeating €oés 1 occur, thereby minimizing
overheating of the inductive load and enabling the power supply for the control

circuit to be provided with sufficient voltage from the AC voltage source to

enable the control circuit to continue to operate.

[0015]  Other objects, features and advantages of the present invention

will become apparent from the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The invention will now be described in greater detail in the
following detailed description with reference to the drawings in which:
[0017]  Fig. 1 shows a simplified schematic diagram of a dimmer

circuit employing the principles of the present invention.

{00767245.1}



[0021] Fig. 4 shows waveforns in the circuit of Fig. 1
of the present invention with the brief interval of

w0 2008/1D68g3 Nni Nng at a zero-crossing of the AC vPCT/EH§®06/018909
supply; [0022] Fig. 5 shows an open-|oop enbodi nent of
the circuit of Fig. 1; [0023] Fig. 6 shows waveforns

in the cipoust OFioFbA showdk i nventi on;
[0024] Fig. 7A shows a di Pim EOERHL B AN by NG Wb torm,
SW t j S in.the circuit of the present
veneyBRA g SR SRl B o i andhwbienabt 80
accordiqré% to anot her aspect of the present invention;
[OOZ%ﬂm §r.1t’8 shows tenperature neasurenents for seven
different_ transforner | oads for a range of three

di f f er ent [ORAY v JFigadfe shaws damexanpiattik esert of ashérted switch;
conditions; [0027] Fig. 9 shows a flowchart for

sof t war e [0f]e ek edistinywst evetamisii® teadiscult @ Fig. @ of the present
m croprocessor, for a basic closed-lIoop system
accdndntigni 0 t he present invention; {00767245.1}[0028]
Fig. 10 shows a flowhart for a basic closed-Ioop

system wifhpih g I 8oV, - [O Zg,Ji Fi 11 _shows
the f1owceheZt tdr g’f@é@&%@@eﬂé b gjg @yggémgmlﬂ??he present
rec . feature. an ault indication; and [0030] Fig.
15 JSitiop RAHERBRpleR bt Line beGancaa B PERSEIONBEST the AC
voltage supply; |
[0022] Ifig. 5 shows an open-loop embodiment of the circuit of Fig. 1;
[0023]  Fig. 6 shows waveforms in the circuit of Fig. 5 of the present
invention;
[0024]  Fig. 7A shows a different form of bidirectional switch which
can be used in the circuit of the present invention;

[0025]  Fig. 7B shows a dual dimmer circuit according to another

aspect of the present invention;

[0026]  Fig. 8 shows temperature measurements for seven different
transformer loads for a range of three different RMS voltages during normal and
fault conditions;

[0027]  Fig. 9 shows a flowchart for software implemented by the

controller, e.g., a microprocessor, for a basic closed-loop system according to the

present invention;
{00767245.1}



systemw th recovery feature and fault indication.
DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS OF THE
WO DMENTISEN [ 0031] Wth reference now to the drB@i/ngx06/018909
Fig. 1 shows a sinplified schematic di agram of a
di mmer 10 incorporating the principles of the present

i nvention di j irst .and second ,
sem condu E:Otog?Ps vviFt c gg ’ %ﬁ%‘”% 1{% ? YR Fﬁ?ﬁe‘ggoog system with a

bi dilreg{;\;ei Qg&lturg,wi tch. The switches may be FETs
connect 6d” i i AnRti - series rel ati onshi p. The intrinsic

body di od d are shown. Additionally,

ext er nal ﬁ%%a@es aﬁ@n %@’%’stb? Hewchart {95 @ basieislased-ddnp system with
transistors Q and 2 connected in the sanme way as the
bodyreep\sae feagse epdiavlt indicgsiopyante a better forward

vol tage characteristic than the body di ode. The two

transi st oi0§3€) aFig. (PsHoansahé fewethaetorsn @va0ed Gsed-loop
controlled by a controller 12, such as a

m Cr@%ﬁpﬁ_ﬁﬁ%covér? fERSRANEG GahI O ?cgffl(')ﬂn ng signal DIM
and other inputs (such as on/ OPS romthe user
interface (not shown) of the dinmer 10, to provide
appropriate di nm ng and on/off control. Although a

' : ' this circ
- s i FH > E = :h" ; ; -_s”-._!..l‘_l_/;\l.V ' 3 (3
digital control circuit. The transistors Q@ and @ are
conr@g@ﬁl&ﬁmen the Hot {00767245.1 }(H) terninal
and the dimed hot (DH) terminal. The Htermnal is
connect ed083l]an Wehpeferencesupp ky thé Araviings, Dt Idhdind @l sithplified
connected to the MLV lanp | oad 42 (conprising step
dowschenenif dagren ofla d@thet M@idcdfiRdRng! tAIPRNciplel bP{?lng?erf,Snt

[

al so connected to the neutral (N) term hal, conp
the ihRatok! TR Bimmer 10 includes first and second semiconductor switches Q1

and Q2 functioning as a bidirectional switch. The switches may be FET's
connected in anti-series relationship. The intrinsic body diodes D1 and D2 are
shown. Additionally, external diodes can be provided across each of the
transistors Q1 and Q2 connected in the same way as the body diode, as shown, to
provide a better forward voltage characteristic than the body diode. The two
transistors Q1 and Q2 have their gates G1 and G2 controlled by a controller 12,
such as a microprocessor, in response to a dimming signal DIM and other inputs
(such as on/off) from the user interface (not shown) of the dimmer 10, to provide
appropriate dimming and on/off control. Although a microprocessor controller
12 is shown, this circuit need not have a microprocessor and can be an analog or

digital control circuit. The transistors Q1 and Q2 are connected between the Hot
{00767245.1}



[0032] Connected across each of the transistors @ and
@ is a respective voltage divider conprising
wo e@cd24393 R, R2 and R3, R4. The purpose of tPEFES2006/018909
voltage dividers is to sense the voltage present
across respective switches Q and Q to contro

T oDy A PR T eﬁﬁtﬁ‘}%m%l IR LS coftected o
!y ar2PREde ‘FPSP%Q P R Gh a2 cathes o ie Lo tp toad 42

wi |l be determ y the current throughthe

r esi SPRREEE 5158 W%E?&W’é‘%@rer?h%ﬂ 4P darep ankamps), whieh is also
some non zero |level. [0033] Further, a power supply is
pr ovioaBertedio the Aewtead (Nptesmiddl, ooulnpla:tmg diet lage cirenipower
the controller 12. The power supply conprises di odes

D3 and D40032] i nPotinestcdha@es &2RIE tHeQFandhtord and Q2isa
regulator circuit 20, which nmay be any suita

r eguk@iedivecvdlfade Hlvuﬂéi’rcoﬁﬁﬁgfﬁg? osisfors W1t R aﬁiﬁ ﬁgr %@%ﬁrpose

supply (SMPS), such as a converter.

SUpRif¥hdse véfﬂz%% ddl@i‘éﬁtfﬁ"lg B ﬁ%ﬁse tH? %lta‘é%l\];%a gtoa{c{r??sénréspectﬁ/% switches

I|ne and pro es a supply vo
S a two-wr

n ce.the di

G maPudge %%%Orﬁfgﬂmfhl%ﬁwﬂmw fadlu 9 efipesdi e FTs. 1f a
the dinmer, a smal|l anmount of current nust be drawn
f r orffansigtopfailsisherteds theugtiput 106 theomitagaodivhier gell be sabspmtially zero.
storage capacitor 24, preferably w thout causing the
| i gif # ansiserfatle opéng Hte. volkgs mgossaheraividep &bk @Bterrined by the
smal | amount of power is drawn fromthe AC |ine when
t he chirdist thdoughn the@sigthfoed aid/6PPsHAdxdfaliSieBand will be some non-
{00767245. 1 }voltage is devel oped across the di
10. zdhgewgwer supply draws current during the pos! t ive
hal f-cycle through the rectifier diode D3 and during

the [0033]  Further, a power supply is provided for generating a DC output
voltage to power the controller 12. The power supply comprises diodes D3 and
D4, an input storage capacitor 24, and regulator circuit 20, which may be any
suitable regulator circuit, for example, a switching mode power supply (SMPS),
such as a buck converter. The power supply is supplied with an input voltage
from the AC line and provides a supply voltage Vcc to the controller 12. Since
the dimmer 10 is a two-wire dimmer and the neutral connection is not present in
the dimmer, a small amount of current must be drawn from the AC line through
the load to charge an input storage capacitor 24, preferably without causing the
lighting load to light. During normal operation, a small amount of power is

drawn from the AC line when the FETs Q1 and Q2 are non-conducting and a
{00767245.1}



negative half-cycle through the rectifier diode D4 to
charge input supply capacitor 24. The regul ator

w@ 20060248920 t hen converts the voltage on the iP@INUS2006/018909
storage capacitor 24 to the required output voltage
Vcc to power the controller 12. [0034] Another voltage

di Vi g8ilfags QBVcRIpRa a%r%% Bt erﬁm551(?nflhe§c%\i/e368{)@\§ Lgi?q?\%suﬂrrent

fromthe input of the regu alt?r CI{{C oS
. e , I .
or ove B A6 SETE s Sl AR o Bagae during he

tion circyit P) is provided to detect a line
g{/ gtr ggg\?HV? B@E‘C ‘gﬁ Hﬁff("i%(ﬁ}le Fqctlglﬁr ¢ode Do charge input supplynC
line is detected, in order to protect the di mer
ci r ceAPesitysGrh TheTeguwater qitpuited ther ¢onverts the vpltegeoi theheput
i nput storage capacitor 24 from overchargi ng and the

FETsstbmgerciicityr Janalyertqoived 6aplth@layeVzc ¥PhdvAdehe controller
condition. [0035] As discussed above, during nornma

opergtion, the controller 12 will operate the switches
Q@ and @ such that during the positive half-cycle,

transi st 0(00%] Wi thhgf {%gggig?&aI@%%gﬁéﬁg?%fsttciggﬁé%%rgﬁfg is

transi st or t hroug y

[ hus , suppl vi ower to the lanp | oad during
o poFeTgra BRI SRRV B cbadiiier cialt D tprmpwboamEon to produce &
negative half-cycle, transistor Q2 will be turned on
Wi t FEREHERES Yn, Wiich éssproyided foothg Rontralen 2y Adi e voltage
and/ or external diode DI, thus supplying power to the
| oadrefgetionciscud MR s piovided tégadtiadmetvaes-voleapelcOndition. If an
Controller 12 is provided with a dimm ng input (DEVI)

f r oraveireolegperoni thé A [akes QétestedTR brde? td pdtect HRWMHhme? B cuit,
controller 12 uses this DIM
both FETs are turned fully on to prevent the input storage capacitor 24 from
overcharging and the FETs from being damaged due to the over-voltage
condition.

[0035]  As discussed above, during normal operation, the controller 12
will operate the switches Q1 and Q2 such that during the positive half-cycle,
transistor Q1 will be turned on with conduction across transistor Q2 through the
body diode and/or external diode D2, thus supplying power to the lamp load
during a portion of the positive half-cycle. During the negative half-cycle,
transistor Q2 will be turned on with conduction across Q1 through the body diode
and/or external diode D1, thus supplying power to the load during a portion of the

negative half-cycle. Controller 12 is provided with a dimming input (DIM) from

the user interface of dimmer 10 (not shown). The controller 12 uses this DIM
{00767245.1}



{00767245. 1 }input to control the signals to the gates

@ and &, and thus, to control the anpunt of phase
war@ba243ed ay before the transistors Q and 2 POHUSNG6/018909

during each half-cycle, as well known to those of

skill in the art. During normal operation, the two

o aectoQon@itnEXiefE CARLAL CAdBeh LHA! A Ll e

positive and negative -cycl eés, approx

power i i ver t he-1 oad .in each half-cycle. .

e e S BhASE el Rl RErasl A sieBesiiaie Qo ng 2 it during
acr osshixh]tef t ransf or LrFr | oad and the transforner |oad

i s rigehbaiwysleet WAlkRastohesenf skiblda teaart. Dodag nemal

the instance where only one of the transistors Q and

Q@ feperaioghbetwe swithlesvdl ay@2 wevehtotied suchphatél tHeositive and
the transfornmer primary of the magnetic | ow voltage

| anmmelgatack hlf-tydbes, aproxietately equal pow s BEISVréd® BOad in each
negati ve hal f-cycles, thus providing a DC voltage

| evelaliteycld) subdtl |
Vv elalft &ycld) eTHepand su%hﬁﬁll?%fﬁ U@H&%E&%Véﬁtgnrb?gg%gacmss the

over heating. For exanple, if FET

i L.Oh ] d h '
cur et itond i [ bebobhes nfPRANF by ol nor

hal f-V %ﬁ%lte FET Q, which is operating normally, wll
conduc ?8?‘ only a portion of the half-cycle. During

t he negat i f hal f-cycle, current will flow through the
shorted FRd Gy Jdndhe msignggvhare oplydyne @i dupetraisistdrs REENQQ2
throughout the duration of the half-cycle. The

asy shprted, théeolinge vedvifovnb sugplicday tharansforavi [tedarky @f the
the | anp | oad produces a negative DC conponent in the

Vol tnaxgacisloshovitagenartth thad A1l boRPRRMeR PR thd BodIRHAHA negative

of asymmetry, this may cause substantial saturation

and han bR thfdpr8lididies HEARTHYY 1Z6&1 16 Mcfload, which can cause
saturation and overheating. For example, if FET Q2 is shorted as shown in Fig.
2B, FET Q2 will conduct the entire AC current in both half-cycles. During the
positive half-cycle, FET Q1, which is operating normally, will conduct for only a
portion of the half-cycle. During the negative half-cycle, current will flow
through the shorted FET Q2 and through the body diode D1 of FET Q1
throughout the duration of the half-cycle. The asymmetry in the overall voltage
waveform provided to the lamp load produces a negative DC component in the

voltage as shown in Fig. 2A. Depending on the amount of asymmetry, this may

cause substantial saturation and overheating of the transformer core.

{00767245.1}



{00767245.1 }[0037] In the event of an open swtch
failure where the body di ode or external diode is

WO paoaae489man asymmetry will al so result bet weenP€T®€S2006/018909
hal f-cycl es which will be even greater since one
hal f-cycle will be conpletely absent. [0038] According

to the pr toi ' h Lroll.er 12 of the, ..

di nmer 10[@ g’rﬂl]v esmzfﬁé]eé\}r? gﬂcﬁ &51' ‘ﬁ%eﬁg%t\%ﬁ faéﬁm?r Wl% ety Fody diode or
conductign.during nost of the half-cycle which the

svi I Ggleds Pact s gRmeiy Vﬂﬁiaiﬁ@sre%%tel’%wquﬁe palfgycles
nonconduction for only a brief period of time during

t hatWHeh Pilkhe peenggeater sipepme hakitcyelsevibibewompiajelylabsask.
bei ng supplied to the attached | oad from exceeding a

pr edet er 10O | evasbrdibetoohe pheseatt iheneibn ake essioller 12 of the

transforner overheating does not occur, and enables
t he dawer 16 dpdsythi Aol€aiPAOWEEOnW full SHAldoh Mting most of the
0

voltage to enable the controller to continue t

opemhatfRycleNyibh heWdltch tis@?ol? Rﬂ']toﬁﬁbi &ld s Wi&%qm{oﬁlgp-

operate and can provide a fault signal indicating

af C in the.dimer. Further, there is

o SUhduchBR BRI R Bfet Mudod B P Biing Btnaffiss el g hag provent
over.h excessively to a point that it presents a

haz él}eglgi;ev gﬁ%“elsef’ﬂj’e% Jugplasd todheatfashed loed fiom engeeding a
predeterm ned | evel. Thus, the circuit according to

t he Ppdetsamine dushthelny phishdeved exdeesivotignsfororer dsehgatirgsioes
wel |l as protects the dimmer circuit itself from

f ur nheoccdpmag enaes the pbivessupply t6 dBpEdlidey with sifficient voltage to
dimer circuit to continue to operate. [0039]

Acc efibld thelcOn@OIeras BeRInue o bhgatt NYeHid Ry, thd
controller 12 is provi ded with the sensgy’s?gﬁ%l}tm\l}grcan

f v .S .80 St R5
ro. e O hRHE ol Kt Bloy RRTRAUIE QRLr Y Bt Epl hos
pr egggu%re i ﬁmde clir%\r/neelr.’ Further, there is no danger that the magnetic low-

voltage lamp load will overheat excessively to a point that it presents a hazard
because the DC level is maintained below the predetermined level. Thus, the
circuit according to the present invention protects the load from damage as well
as protects the dimmer circuit itself from further damage and enables the
controller of the dimmer circuit to continue to operate.

[0039]  According to one aspect of the invention, the controller 12 is
provided with the sense signal Vs from the voltage divider comprising resistors
R5 and R6. If the voltage across capacitor 24 goes below a predetermined level,
the controller 12 turns the non-faulty switch off briefly during the half-cycle in

which the switch can control, thereby providing a voltage level briefly across the
{00767245.1)
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the controller 12 turns the non-faulty switch off

briefly during the half-cycle in which the switch can
weowsnois93 t her eby providing a vol tage | evel brPef/U§2006/018909

across the {00767245.1 }termnals H and DH which w |

enabl e capacitor 24 to charge. Thus, the power supply

W || PVngt iHidh SR8 wer t.o al ) ow
capggﬁﬁggglzr%gﬂggﬁﬁarggp%% fﬁ%y&g059%8§§Wn%?ggwﬁéoiﬁower
cont,j . L.OVj: wer .to the _controller .

Fi g G i bP G Y bt et on DO €10ty ebipitamiig

1 according to the present invention. Wth regard to

al | r%%%%“'é At SRRyt SupRly camcontinug tasprgwisie pewwen tretie controller
that the transistor 2, that is, the transistor that

woulld- normal Iy be able to control the negative _

hal f-cycle, has failed in a shorted condition. In Fig.

3(a), the0odayef Gign3shows waheforal bRt &€ HeSSchiff 8f Fig. 1
magnetic | owoltage | anp |l oad VDH and, in particular,

acr asrdife tthe ?%fs?énﬁ/ﬁlvaiﬁaﬁ. Wit Reatley afi _rmfo%fggﬁown in Fig.

Note that the fu negative hal f- cyclhe i's pafss. I

t hr quy I T [ 1as, not | :

and i e Enad eedctﬁaﬁtté%ﬁ%‘%éﬁ%@é%ﬁaate%ﬁteertmsh?orff%%vlaq%d
troll 12 determ nes that transistor 2 has faile

by R Shei1s ReC0BpS nositie buPhetc or il Tanvhaerd

conprising resistors R3 and R4. [0041] If transistor .

Q tepditiorn | ladig e the, wavetorgushpws thef valtage eabssathe magnetic low-

di vider conprising resistors R3 and R4 will be

subgeltage ilathp Joad ¥y ahdy inpgrieddr, gosssithe/srin Wiedaig oféhe MLV
hal f-cycles. Thus, the controller 12 determ nes that

t hetrinksTorfRr hWeteethhd 186 fifl Bhdg@Evd ﬁhlﬁcﬁl@fstlﬁgsegqmiu%lil B2 Joad.

(or the FET has been switched on by other protection

har fN@# Shsish @ Q EXA MYt BaiR¥ L9 L RIS bR 58ﬁt9oqfeid%'§/ the controller 12.

circuitry

The controller 12 determines that transistor Q2 has failed by monitoring the
voltage across the voltage divider comprising resistors R3 and R4.

[0041]  If transistor Q2 has failed shorted, the output of the voltage
divider comprising resistors R3 and R4 will be substantially zero during both
positive and negative half-cycles. Thus, the controller 12 determines that the
FET Q2 has either failed in a shorted condition (or the FET has been switched on
by other protection hardware, for example over-voltage protection circuitry
OVP). The processor 12 will need to determine what has occurred. If the OVP
protection circuit is not on, then a determination is made that the FET is shorted.
During normal operation, when the FET is off (and the half-cycle is being passed

by the body diode of the FET and the other transistor), the voltage across the FET
{00767245.1)



OVP). The processor 12 will need to determ ne what has
occurred. If the OVP protection circuit is not on,

w0 b@a/1asget ermi nation i s nmade that the FET i s BEDUS™®A6/018909
During normal operation, when the FET is off (and the
hal f-cycle is being passed by the body di ode of the

FET t i r t he val t acl.oss e
rer FO8YEh BaBoR b RY icRybires il fos P GrShate!
vol t age dr ue tq t.he anti-parallel connected di ode,

i . e.C,OQ?‘??ge‘f ‘ﬁ?g? &t %t?dagﬁnzﬁl i?aé,bp %Pg%s& erterapily connspied diagle. If
diode. If the switch is shorted, however, the voltage
acr ¢B&sWikeh is jhertad, Wpvevesethe yplsacarseioss the swaish wilde substantially
this, nearly zero. [0042] Fig. 3(b) shows the voltage

Vs desstiiwn thist pearlyofera.he vol t age di vi der conprising the
resistors R5 and R6, i.e., the voltage across the

i nput st goe4» capac 34 thaN&et WG o Blet RSt BE IHRSDIt
capacitor 24 is b%t V(Vg}éﬂlo\/l and V. gﬁg sv?/itgﬁ] @ has age

f ai lapdderdgrRm {tHé %e%{sfolf?R‘sﬁ h REY ¥ Emb Qﬁlg@%@ a}c‘rﬁ]&&%e_ input

into substantially fu conduction as s

3 : h | . [ 24
o opior "Gk Elor 2 ialn® Pl QEReRE G5RofEAG et it and

12 wiJ | turn the non-failing swtch Q for a brief
per }%c#ua“gfs“ﬁchgg ]?%t}alrl?ﬂ’ the,comipler 12apilldti veghe pyitegh@l into
mllisecond, thereby briefly renoving power fromthe

| oaqubstantiglly 61 eqndupiéorcasphovndn Fizd 3¢2). Beweseth shge the wdtage
shown in Fig. 3(b) during the brief interval tw The

pr ededosy capaeitbr2Ardespsabd predetaminedshresioldM,, ;b @utrdler 12 will
| evel which would not allow the power supply to

pr ovirfl@ffafe ASRMIBAEsWRT @ 2ot LoRIWRF k@) 4,8
Once the v%l t age a%? 0SS gap%ci tor \ﬁgﬁogggﬁlﬁg%ﬂwi{%%&r& ]le’

\S/\:}VI f fé}ﬂ'@xd%%g%lgl%hé tﬁgll%%%)p. {/t!hgrge\t}\g rﬂn?@y %e%goﬁr?é] 13(f)vs§<i:r| tlrcg]nq the load
and allowing the capacitor 24 to be recharged, as shown in Fig. 3(b) during the
brief interval t,. The predetermined threshold V; is close to but above a level
which would not allow the power supply to provide an adequate voltage to power
controller 12. Once the voltage across capacitor 24 reaches the level Vi, the
controller 12 will turn on the non-failing switch Q1 again to supply power to the
load. As shown in Fig. 3(a), the cycle will repeat. When the voltage across the
storage capacitor 24 again drops to voltage level Vy, the non-failing transistor
will be turned off again briefly to allow the storage capacitor 24 to charge.

[0043] The current Iy, in the transformer load is shown in Fig. 3(c).

After the brief period of non-conduction of the non-failing switch Q1, the current

I peaks up to a peak current value Ip. However, due to the protective circuit of
{00767245.1)



| oad. As shown in Fig. 3(a), the cycle will repeat.

Wien the voltage across the storage capacitor 24 again
wole@wpa24803 vol t age | evel V , the non-failing treeEUS1006/018909

wi Il be turned off again briefly to allow the storage

capacitor 24 to charge. [0043] The current IL in the

Af t t
br o BeerRior, Sbet CWE‘“con b Ehfa i bl o Sfrsfigmer
SW' tsgttﬁiragon'g%ﬁ?hu%u&oe agt ?Verﬁeﬁglﬁ% 2 02 peak current

Wevet ® circuit of
0076724 i nvention, the peak current allows
gnl y a bipé‘?“}] l%d‘ wE s fosmprpresentin et dirsnitaf dig. 1
t hus, does not overheat the transforner. [0044] Fig. 4
shoWRECadinafe therepeakiamention wheee therbrief tntafalFfgimelt,, begins at a
according to the present invention where the brief

i nt gemvadrossing ofitke AW fregirnsuras. A 72eJ-Oro6diNs &l dedined a§ {h€ time at
AC power source. A zero-crossing is defined as the

ti meyhadh B IACNVEIR@e Abur¥O by BBE, QW tﬁg b@%#l"ﬁhg tog r@{lc%] l‘ﬁaﬁf—éﬂ?e The

begl nni ng of each hal f-cycle. The

Lt
the %%Yg 8 P RE L YR e Lfﬁ‘ftﬁl‘f@ BT oBR bR B8 fevel v,
troll to control the non-failing FET.
Oncd ertofrafffa BB (g saeirelse 134s fidameantioh ha nsweiling
V1, _the controller 12 will turn on the non-failing
swi FER- @negdhs yoliage aerpsn Gappeitos 24 reachercthe devg] Vi, the controller 12
Alternatively, the brief interval of time tw could end

at #ilkgiro-oo tisssimipilofg swiehAL gmieto sspplyg@wel @0thslloddd

the first enbodi ment shown in Fig.l, the circuit
opeAktaativély cthe BAEF in@ewnl bRaHeQ) cSHE @n& Bed 24 %ross1cr{1§ é)f the AC
non-failing transistor is turned of f only as nee to
rec d8olfe storage capacitor 24, as shown in Figs.

3(a) and 3(b).

[0045] In the first embodiment shown in Fig.1, the circuit operates in

closed-loop fashion such that the non-failing transistor is turned off only as
needed to recharge the storage capacitor 24, as shown in Figs. 3(a) and 3(b).
According to another embodiment of the present invention, the microprocessor
controller 12 need not monitor the voltage across capacitor 24. In the simplified
open-loop circuit shown in Fig. 5, the controller 12 will periodically turn on the
non-faulty switch Q1 or Q2 to enable the capacitor 24 to charge to a level
sufficient to continue to provide adequate voltage to the controller 12. A worst-
case charging time, tywe, 1S determined during which the controller 12 will
periodically turn off the non-failing transistor after a time interval to ensure that

the controller is adequately powered by the power supply. This time interval will
{00767245.1}



Accordi ng to another enbodi nent of the present

i nvention, the m croprocessor controller 12 need not
WOt 21893 he vol t age across capacitor 24. | n tP€T/US2006/018909

sinmplified open-loop circuit shown in Fig. 5 the

controller 12 will periodically turn on the non-faulty

SVVI C itor 24 to char

i |1‘9‘E%‘?f€“§?1 E%“gf%g AR Bhs O agn%aeerao&aw
voltaetot e co er 12.. A worstcase charg
timge %SW to P‘%ﬂ r??eeocaa%ﬁ“ioﬁgAﬁmféWg S dig BmerﬂaquVé} t, can
12 wll periodi caIIy turn off the non-failing
tr amg§iespispsed@fer a tine interval to ensure that the
controller is adequately powered by the power supply.
This tinme intérvdl -] {0Q7<57245.1 }be sone i nt@guation 1)
multiple of the ACline period mnus the tine period

t wwevhegcie smrifteper, ThateeAC ife pERSPRRI (G RPBehd Whrst-case charging
Accordingly, this time interval, t, can be expressed

as tine th.T For & le, GEEGHAY AR Forf sh\@/ﬁﬁ;rlﬁ Fﬂge %?g}t)énnltogg €bntrol is

Tis the AC I period and twac

Cha'ﬁgédr\glbﬂﬁ Hgéeln{e er 11: ?({)uggz(o%(ftgia tlnpjgtq?gggl?\/%{eﬁﬁq ﬁ%q Wﬂlsecond
|t S o S Bt P Sy S
tvwvc = 59 mlliseconds. [0046] In a further

enbodi mef046{ he I p fwther embodiment, theegitdugrofitlee invention is
synchroni zed with the ACline so that the brief

per syubrafizedovitic thie dAC tine sy thavthe ibrief peridde obhbetofRictions,, i.c.,
when the non-failing transistor is turned off, do not

0CC the BHéf bBiGodROvRdnanS nOi-fdilee Bdsistéie hignddh &R, cﬁ)drﬁﬂ ld@&ﬁ' during

charging of storage capacitor 24 cannot occur.

exag&lu%ns bf thk RE1FRGER QM Ren Ate AR &%PQH{,? bt Brabl cgpa%ltfor ## cannot

occur. For example, if the periods of non-conduction t,, occur at the very
beginning of a half-cycle, when the AC line voltage has not risen appreciably,
inadequate charging of the capacitor may occur during the brief period of non-
conduction if it occurs then. It is therefore desirable to synchronize the periods of
non-conduction so that they occur when the AC line voltage has risen to a
sufficient level to cause adequate charging of the storage capacitor. In order to
accomplish this, a timer can be employed to synchronize the charging times with
the AC line peaks to enable sufficient charging to occur during the periods of
non-conduction. This will be explained later with reference to Fig. 12.

[0047]  Should the failing switch fail in the open condition, the type of

open condition failure will determine the appropriate response. Should the
{00767245.1}



begi nning of a half-cycle, when the AC Iine voltage
has not risen appreciably, inadequate charging of the

W@ apaa24883 may occur during the brief period oPCT/US2006/018909
nonconduction if it occurs then. It is therefore
desirable to synchroni ze the periods of non- conduction

SO fhfhg FREYi06H4H subh et bbG tﬁé%&déeq ua?rl eﬁzﬁ% Z? g'% 5) ody

to a sufficient |level to cause a

T e o o S ! i

tlmes WLth t i ne peaks to enable sufficient

ch allsgl?q@anlggr @&RVC ?gcqrﬁ]étlcg)e rileyirvepfshould the failing transistor
non-conduction, This will be explained later with

r ef &bk thas oplyghe sourcq duTpatistsmpen, thitds,fthe patagf thei KET for
fail in the open condition, the type of open condition

f ai Exameplej blowsldearing the didie impe teh iaAkeyrh@ERPNSe voltage
Shoul d the {0Qr67245.1 }failing FET fail open such

t habugidieh td {he 16QLWBEr=GIaI 1 saak E‘as@sthé!"ﬁ!)ll)-fﬁﬁr\}\# pgnm&ywu

di ode/ external di ode are open, no voltage

t hec&rﬁﬁgt @lﬂﬂlg otﬂ@'é r8%§at{;_§§l%—%g&l§ aﬁ‘rﬁth%%n yﬁléod%, o Ff“'ﬁ&‘al diode o

over heat 1 ng ndi oul
e drajn_path

trapsi r . fai.l t ha y the sour

| s g%et?rﬁl%tg ﬁrg{m?tgr WfClE%arf;ya 8? PRENHR-his 1rf Cé‘ﬁlﬁ quvever, in
ving the diode intact, then an asymmetry in

t heﬁf‘?(ﬂt 3%1@@;515; the daifing pwisch wilbinaticondycs bedause the Seunch—dram

case, the non-failing transistor will conduct during

t hepaibmm@nlaad ehetlaidly-digds @ eatetinal iindb deye velisediBiased.

L)

external diode of the failing transistor will carry
t heAtaadingly; he biicrém v&ih:pﬁsshﬂ'tlﬁls &XE c9cle HRWAMRE in 4 Ddl@@el being
other half-cycle, the failing switch will not conduct

becguis® tbhige RaYr Fnestﬂ:'ﬁ %h RndtaHcb, it & &Pﬁgssﬁﬁgg@t srﬁ%stlagt(ilzﬁly equalize

di ode or external diode iIs reversed

AC Ct‘BF: ﬂbﬁ}—%/é[les dl thé cogtrélleﬁ éllzr%'&c}% willDe supgllelgi with ga/equate power

resul ting’in

as a half-cycle is absent) will switch off the non-failing FET or both FETs.

[0048] Fig. 7A shows a single FET Q3 contained within a bridge
rectifier comprising diodes D5, D6, D7, D8. The bridge rectifier ensures that
current always flows in the same direction through the FET Q3 when the FET is
conducting, thus allowing the single FET Q3 contained in the bridge to replace
both FETs Q1, Q2 shown in the circuit of Fig. 1. The circuit of Fig. 7A is thus a
bidirectional switch. However, the circuit of Fig. 1 is not needed to protect
against the FET failure if the circuit of Fig. 7A is substituted for the two switches
of Fig. 1. Should the single FET Q3 fail shorted, both half-cycles will be

delivered to the load equally and there is no risk of a DC voltage being delivered
{00767245.1)



passed to the load. In such an instance, it is not
possible to substantially equalize the half-cycles and

wo b@saosps ol |l er 12 (which will be supplied w tPCT/US2006/018909

adequate power as a half-cycle is absent) will switch
off the non-failing FET or both FETs. [0048] Fig. 7A

shoys i SLN9&e TEh-: Al Lhed. 'taP' h b”td €1 the.body diode
rectntler conprising galg W&S%
e el UL SIS L bt D e

conducting, thus allowi ng the single FET (B contai ned

in tsheh tef tgdody diode il iich apETgoQower il hodelivered théhe
circuit of Fig. 1. The circuit of Fig. 7Ais thus a

bi diloathacausalthesbodycdioddHo wbvaeyrs, retdie WiaseduiAlccoddirtgly.thdcircuit of
is not needed to protect against the FET failure if

t he P@% JICidnbt ﬁkfce@aﬂy to tb@t a‘gHﬁ%ttFE'Plfzﬁﬂlré fbnd.he two
switches of Fig. houl d the single FET B fail

short ed, P?y ang-llcgw&béf ltﬁécﬂﬂulnj oflﬁg qeils 'ul%@ft% &ﬁ'@eétha%amst failure

| oad equa theré is no risk

rer paif oLEIE iR O ooy Eﬂ&fég?@%mﬁwt"ﬁr'ﬁas&%%lg 7A.

di ode are open, no power will be delivered to the |oad
at  &IOF exaspRley iff bethforvpard Pgmc}ucabé fiodethS enaDoRi shered, during
diode is still intact, again no power wll be

del ithespasitivechalfreycles atich SeaudshtQreis lsonguctingdbe pesitivenaaibcycle
reverse biased. Accordingly, the circuit of Fig. 11is

not wibepseviyed 10 the WaéC Dusiggilitsieghiive Hali-tydle sBlcO B conducting
[ 0049] However, the circuit of Fig. 1 is useful to

glr 8“2?%5 wadnﬁ’s]% @'sh&‘hﬂgif ﬁ{ehrgﬁgt%% hga'é@"%}]&cﬂeo\llvﬁl l%‘ﬁ%vﬂfg? td'he load

exa%ijoﬁ%h he éﬁg%ghr (5185 9 tehg CE#'C&IO(E]% & (ijglycaD%m%tgﬁre 1s no

fail |ng € positive

h n n e positjve half-cycle
the cgr\{\{lrolcolil tl%gswﬁc’chC un%fé %ktlel ne at1 halp c?cllc i)ecause the bo y diode is

forward biased, the full negative half-cycle will be delivered to the load, again
resulting in asymmetry and thus a DC component delivered to the load.
Accordingly, the circuit of Fig. 1 can be used to protect the load in this instance
and to ensure that adequate power is provided to the power supply. If the
bidirectional switch circuit of Fig. 7A were incorporated in the circuit of Fig. 1, a
voltage divider would be coupled across each of the diodes to sense if the diodes
were shorted.

[0050] TFig. 7B shows another circuit according to the present
invention comprising a dual dimmer circuit DD, each dimmer comprising two

anti-series connected FET switches coupled to a respective MLV load. A
{00767245.1)



will be provided to the |load. During the negative
hal f -cycl e, since the conducting diodes D5 and D6 are
WG b@ostiz@93 t he negative hal f-cycle will be provPdEUS1006/018909
the | oad through the shorted di odes and the body di ode
of the switch. Since there is no control of the switch

dur ighgrafify&rARQRE DOSDI8ha F]l\ﬁ | %ﬁﬁl@&gﬁ g%tpl%el? ﬁ]%og Ec%%?nal H

is forward biased, the fu negative halt-cycle w
and T FEDR) et Bate L a0 b Timbm et sanaciior 24 ¥t the

Accordingly, th ircuit of Fig. 1 can be used to

or oRESAIDrGitquis. TR iR piscyih shaulé enla e of therssiiohes adlishorted,
adeqfate power is provided to the power supply. If the

bi ditieeethertimimes e wil eintious to swpplFippwet £o thepewer supply so it is
incorporated in the circuit of Fig. 1, a voltage

di vindenecessatydtotrernauffi theadnailing sweale th Bt 1éwith iRd@RinkQwitch
sense if the diodes were shorted. [0050] Fig. 7B shows

anotfhyahe bfiéfGdriod ¥F Giled], AdpiodideRwRE BSHE %)ﬁbvgr ﬁ;ﬁ%);}p "However, it

conprising a dual dimrer circui't DD, ea

co IS - b < ' cted .FET swi tches

coup) S Sets . Bakderi blepny SRR 2R b B Cove of the
lural i f di ade , DO and Dl are connect ed _

boe Sy btsteroter e Fliososi Chniie e o6 UGG R A kng switch

DH and DH2 to the input supply capacitor 24 of the

r egil Bpthedopdailing switch gnte ﬁilgc@idﬂ@tmnt to ps¢nsnt oveshdajingne

of the swtches fail shorted, the other dinmer |eg

wi | Aceandinighy ¢ha Gramitpf g, dosetd dtidl henempd oyl toSeimel tiatsie switch

it is not necessary to turn off the non-failing switch

i n hisefalledand fohuinhde ﬁ@ﬂl-}fiiﬁ? SWitdHCoh S fulll@nBAdRIN during the
period of tinme twto provide power to the power

2 SRS o S EFSFARE ol ARG 8 o ot
non-failing switch briefly during this half-cycle for the time t,, in the leg
containing the failing switch to provide adequate power to the control circuit.

[0051]  Should there be multiple FET failures, i.e., one shorted switch
in each leg, then it would be necessary to briefly turn off the non-failing switches
when they are turned on fully to provide adequate power to the power supply.
Accordingly, depending on the level of protection desired, it may be beneficial to
incorporate the brief turn-off feature of the circuit of Fig. 1 into the circuit of
Fig. 7B.

[0052]  Also shown in Fig. 7B is the power supply for the gates of the

FETs. Since the two dimmer circuits must have isolated grounds, the output of

the regulator circuit 20 is coupled to isolation transformer T2. A DC voltage
{00767245.1}



supply transfornmer for the | anps powered by the |eg

including the failing swtch to turn the non-failing
waeuobauspt o full conduction to prevent over heR€T/N§2006/018909

Accordingly, the circuit of Fig. 1 could still be

enpl oyed to sense that the switch has failed and to

turn,the non- into full

failing switc n nduction. . .
or 1 Ve Ty SfigeRlacoBP ARG 8 sbif ofVet i BB R Wit drive
it woul d not necessar o turn off the non-fai
swi teafesiil axd stdér%ﬁgfﬁge&mw proglued gepss ERRICHPTAZ mrowde
in the leg contain I‘dhgélthefalllng swtch to provide
adeqeattes fereatas Ga vigrdiedd D&2.r cuit. [0051] Shoul d
there be multiple FET failures, i.e., one shorted

swi tch i M0esdih |lagxpédraents tonsoled td eomnpare sisadperdtion of the
briefly turn off the non-failing switches when they

ar e diiqed tlﬁrbréééhi MvéidRnRb e AL P8It eefmaﬁoﬁg oh&EET
power supply. Accordingly, depending on the |eve

pr ot

ncofcltdy thg?ﬁ%%?ﬁmeéfW%?%ec?ﬁeﬁﬁ&%@éﬁw ﬁfgnscfc’?%ﬁ.st

of Fi he circui t

Shovinerted § o tasidneh il poldifiny Tiert TRas i Bulgof te
t he FETs. Slnce the two dimmer circuits nust have

i solteste dVEAbAREOrmeRiTonSEYAN Gffcrenbmapwiasturest were tetied as
20 is coupled to isolation transfornmer T2. A DC

vol trapresdn®QiN7hd Sevich\ifferentstrages du thedgrapr ofdSigchphles tesis were
31 to supply power to the driver circuit to drive

gat agn Gr Aitniel 240 VG RIVISt AQenplieedltige, iradow M8 OSHut

capacitor 32 to provi de povver for gates G3 and 4 via

?kgd‘g’ée%%?fu %n 0 i%we ci UI t 0 mﬁ%@ gﬁ% ﬁeimngcg ?%tﬁ nan
u ndeorpera%oHBll (quH]condu(l:Jt%c}n) %2 gnl 3t. fauﬂ &Pert%ne gf the switches is shorted).
As shown, the difference in temperature of a normal operating transformer and a
transformer with the connected dimmer in a fault condition is no more than about
8°C. In one case for transformer 3 tested at 240 volts, an aberration was noted, in
that the measured temperature during the fault condition was lower.
[0054] Figs. 9-12 show flowcharts for the software or logic
implemented by the controller according to the present invention.
[0055] Fig. 9 shows one embodiment of software implemented by the
microprocessor controller 12 for a basic closed-loop system after a shorted FET
fault condition is detected. Once the fault is detected, the software remains in

this loop, monitoring the voltage of storage capacitor 24 and switching the FETs

on or off accordingly. First, the voltage across capacitor 24 is sampled at 100. If
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shorted), the tenperatures were recorded for various

M.V transforners connected to the di nmer under both
wa@omditz4sens. Fig. 8 shows the results of the tRSI/ES20M/M8909

transfornmers fromseven different manufacturers were

tested as represented by the seven different traces on

t he fun f a m_pa

240 S5 TP 5&%@3{1‘53 f{e%éé?r V5e8s I oR SR B3 110, e
vol t of 21 gh RVE_A ut Vvol tage

of f\gltgt?&m tpfu ﬁ° é‘il%ﬁ i) I 5‘1C18IVP tagsriaget grsﬁy«r than
and |n a fault node (one of the switches is shorted).

As sYoweheqkne mede tedetpaaing if themeltagatisless bin ¥ thedewer voltage
operating transforner and a transforner with the
conrtbesisad diommEig. Bhatd 3Dalll the volatictacooss cgpaoitomn®t 8 nohkss than
about 8°C. In one case for transfornmer 3 tested at 240

vol t%,, tiystaber hRHBETR ivas: chehed, If hetvdRhgd 8 st BBHW £eheaning it
tenperature during the fault condition was | ower.

[ OOEléllth Wﬁlﬁn tl?e gg%BQWe&ll %H& V%S ttfeqﬁE’ltsrb%e §\9ft&l¥¥%r0?{]9trl40 to

| ogic I nplenente y the controller accordin

pres nvent i 0551, Fi

ot 2Pt F KM Plnshoiaa e ey ReR ey SR R,
controller 12 for a basic closed-loop systemafter a
shorReEdieghy Fusin 2 @5#100Pon i s detected. Once the

fault is detected, the software remains in this |oop,
nmonitoring the voltage of storage capacitor 24 and
switching the FETs on or off accordingly. First, the

vol tage d003GIs cAapdsiciibid abbve,9n aapeeiboptsydioR, thlefvoltage across
{00767245. 1 }the voltage if greater than V1 (the upper

vol tc@ﬁ&ltb@ pe SRl djbéC daBiPldd &-a paliodic r&t@:QletehBﬁle Egg_ﬁlea&@rse case

SWI tched on to full conduction at ne vol tage
er t .\ [
Qﬁﬁrg\g{(ﬁe@%glee Jl]l " seé‘lhfltﬂthg O@Sﬁftcﬁl tH?gtgr atc(fatofﬁwﬂfnever g0
below the voltage V.

[0057]  Fig. 10 shows a flowchart for a basic closed-loop system with a
recovery feature. First, the voltage across the storage capacitor 24 is sampled at
100 and a check is made at 110 to determine if the voltage on the storage
capacitor is greater than V;. If it is, the FETs are switched on at 220, and if not, a
check is made at 130 to determine if the voltage on the storage capacitor 24 is
less than V5. If the voltage is less than V5, the FET's are switched off at 140. A
check is then made at 150 to determine if the FET is shorted by checking the
voltage across the resistor dividers R1, R2 and R3, R4. If a FET is shorted as
determined at 160, the state of the FET'S is not changed. If the FET is determined

not to be shorted at 170, normal operation is resumed and an exit is made from
{00767245.1)



threshold fromFig. 3) at 130. If the voltage across

capacitor 24 is not less than V2, the state of the
WO-Bs/1248950t changed. If the voltage is | ess tPeIUYR06/018909

nmeaning it is not within the range between VI and V2,

the FETs are switched off at 140 to allow the

capagé lodp. T8e LJopraif. be Bakéd gé%o‘dﬁk%ﬂ S0 4Se AL E b} E}%t essor

this process periodically runs in 3 arn 0op. dgg(f

As gpseribed above, in an open-loop system the

voltage' acr oss capacitor 24 woul d be sanpled at a

peri odic 5(?5&;2 det er 8 the worse case chargi ng

rate i.el surArSn‘B e\V/‘%ﬂth%\EETﬁ)ﬁretsﬁétChP(b@ﬁ@é14O a

capam tor w || never go below the voltage V2. [0057]

Fi gchedk is msge todgteravipgifithere da shopted IFETe B dhd logie checks for

systemwi th a recovery feature. First, the voltage

acr dwsfanhiéo bt presape whanaver ttawit2des the FETP b TAFETORea0ched

a check is made at 110 to deternmine if the voltage on

t he offtfalselgethe 3pRWhle®r lbSic Gérﬁl%ﬁ@x‘ertaﬁ‘@fbtﬁ{% to lnt)nhél dﬁ§rann.
the FETs are switched on at 220, and not , ec

'sf 0?232 ca"Sﬁ?t Efb. 935660 Dfighind F‘\fé""' F?%f% B sy with
¥ 140. A
chec r|§Csot eﬁ%a‘ﬁ%d{?@i@ rE ht%%teo(fzw%rlglp Ard ?ap ttlﬂéic‘ﬁﬁ’ﬁ iLdke steps

short g é the vol t age across the resistor

di vi' Gli S PRV eR‘Z? erggee numezalyand Wil R detdestribed further
det erni ned at 160 the state of the FETS i s not

chahgiem. When the flowmrepehed point i80yecthadt istroadeent 48O Fdracbuion
170, normal operation is resuned and an exit is nmade

f r oprefOOT 6 24&. iftte}fabieof tho gimmbe TIRQPIFwhY hetbforHit lﬁftﬁ‘aﬂ on the
periodically as determ ned by the processor flo

dimmer user interface is actuated at 200, the software will provide diagnostic

feedback to the user by flashing LEDs on the dimmer or otherwise providing an
error display at 210. If no button is depressed at 200, no LED feedback is
provided.

[0060]  Fig. 12 shows a flow chart for an advanced closed-loop system
with the recovery feature and fault indication. As indicated in Fig. 12, the
capacitor voltage is first sampled at 100 and a check is made at 110 to determine
if the voltage across the storage capacitor is greater than V. If it is, the FETs are
switched on at 120 and a timer is set to time t1 at 300. The flow then proceeds to
check for a button actuation 190 as described with reference to Fi g. 11to
determine if an error should be indicated at 210. If the voltage across the storage

capacitor 42 is not greater than the upper level V, then the flow moves to 130
{00767245.1}



[ 0058] As indicated, whenever the EETs are sw tched

of f at 140, a check is made to determne if there is a
WG b@ot1z@9FET. Thus the | ogic checks for the fapCT/USHO&@18909

present whenever it switches the FETs off. If FETs are

switched off falsely, the software or |ogic can

ti.on. [[0059], Fig,. 1
e A B PR 00510 s A5t
e SRR bV bRkl VAR B i O ks

i ke reference nunerals and will not be described

f ur tthede thdetsrminewWhts ties Pravausheset hesexpiredtasigdicated at 310. If
check is made at 190 for a button press on the user

I nt g¢hé domer bds dxipered,i theBETs dlewssiitchéd afifly Ifah¢ tialeohasotot expired, a
button on the dimrer user interface is actuated at

200, retufeissAidewd ;pBintil Bh. PRONMEL]sHsabidaShiiohi@e eHeahlrdifs point
the user by flashing LEDs on the di mrér or otherw se

Pr ovgs %@%pg&tcﬁr\&iﬁf th ipE%D&%’th@ggé i Ooptfnflizcg %e?b‘é‘.%{&f?rfg[ }é)l’é%e(?f Note

depresse t 200, no ee I'S provi

Fi g. sho a.flow chart for an advanced cl osed-| oop
systtg%h%w FW&MQ*‘SSW&HV%L Pure and fault indication.

As indicated in Fig. 12, the capacitor voltage is )
first sanpl ed At WDotvand a check is nmade at 110 t@quation 1)
deternmine if the voltage across the storage capacitor

i s gwbeitcaris ahdnteger, T isfthe pedicd off dneAEHiTis cacle, andi thetie theomorst-
at 120 and a tinmer is set to tinme tl at 300. The flow

t hervagy dregiag tihe o degleak of the AT 1iheNThRE Iowai ivoNageQBredisold V; is
described with reference to Fig. 11 to determne if an

er r Qet RRWAA tR&IhO 8 GAT 8PiRibefolO the! threbifid YOlhARE.

across the storage capacitor 42 is not greater than

the u pper[obgﬁel ’I\ﬁ'trs, iﬁ‘lrff?@erhgc?diﬁllegt\%hm\(ﬁﬁ Fﬁgo li%)oth the storage

capacitor voltage and timer are monitored. The timer operates such that the FET's
are only switched off after they have been switched on and such that the time nT
- twwe €lapses before the FET's can be switched off. This ensures that the FET's
can only be switched off when there is adequate charging voltage for the storage
capacitor as shown in Fig. 6(a). Further, the lower voltage threshold, as
explained above, is set such that the timer will always expire before the threshold
is reached. Thus, in this embodiment, although the voltage across the capacitor is
monitored to determine when to switch on the FET's and reset the timer, the FETs
can only be switched off when the timer has expired, which will ensure that this
only occurs near the peak of the AC line waveform. Should an aberrant situation

occur where the capacitor voltage falls below V, before the timer has expired, the
{00767245.1)



{0Qr67245.1 }and a check is nade to determne if the
voltage is less than the lower Iimt V2. If the
wOooitbags9d s not | ower, nmeaning the voltage i s PE/MAING6/018909
V1 and V2, a check is made to determne if the timer
previously set has expired, as indicated at 310. If

t he siitdREs WatheavRiched offtil 8cdobd c@bih i h&g%ﬂ bt
d t 'S e ?o

: i1
the tinmer has not expired, a return na po

180#3&%% t{liﬂﬁ%rﬁacs ﬂﬂ)‘?@)gpife‘& synchroni ze the chargi ng

poi e capacitor- wth the peak of the line to

optim ze char.gin rocess. Note that the tinme t | )
of the ti[{!r@?ez]i s gﬁsﬂh{i&éﬂoﬁy thepn-failipgswiickggedsite he pyovided
where n is anin.tegier, Tis the period of an AC |ine
cycVEth galgicaniired sigaals Feswignhsit ef{stbe ghtgroghirg! signals can betpeovided
peak of the ACline. The | ower voltage threshold V2 is

set byulehcantratlet Hatotthergates bf iwith theetuiding @nbaberalih§ewitch. The
threshold is reached. [0061] Thus, in the enbodi nent

shov#ilin@switeh sidply Wl hottbposd.or age capacitor vol tage
and tinmer are nonitored. The tiner operates such that

the FETs [gge3]on |A)‘1th%¥i@ﬁ ﬁ%fpg%sﬁfétf 1{1?%%1%%#&1@ B¥enh@e%glﬁl§)e§§g gelation to

f
Ffr% 12 even

swi tched on and such™t WWC el a

bef C e swtched off. This ensyres . that

¢ ne TREFRE bR R EeY kb SBer vaninsin af Bofigeations and
adeqyat e cha{%i ng voltage for the storage capacitor as
sho@HeT fseg !l gecaye apnarent & thoperekilieshia the ait.« Bpgrefore the present
threshol d, as expl ai ned above, is set such that the

t i miEyvenion sheuidhsslimaited ne hyshospecifivalitdiosmsdimrein; But only by the
reached. Thus, in this enbodi nent, although the

vol bppadeatelasss. t he capacitor is nonitored to determ ne
when to swtch on the FETs and reset the timer, the

FETs can only be switched off when the tiner has
expired, which will ensure that this

{00767245.1}



only occurs near the peak of the AC |ine waveform
Shoul d an aberrant situation occur where the capacitor
wooltbays9s al | s bel ow V2 before the tinmer has eR@I/U86/018909

the {00767245.1 }switches will be switched off in
accordance with the flow shown in Fig. 12 even though
the tinmer has not expired. [0062] Al so, although only
the non-failing switch needs to be provided with gate
con I witch it off, the gate control

tw T Aﬁvﬂzﬁlgddbythe controller 12 to the
gates of bot@ the fail r%g and non-failing switch. The
failing dwt HI’%IPﬁfp?IEP% tPrﬁ&tdlrrgeéﬁdwer? 19053 AC voltage
Al t hough the present invention has been described in
rel é‘t"i‘r%tc’t G2} lﬁﬁll“ttﬁvé lightingleed dispesedsn sériaseuith thewlimmet biecuit
variations and nodifications and other uses wl |
becormpagipgrent to those skilled in the art. Therefore
the present invention should be limted not by the

speci fi caidifbOdl SerhiRbRdudtor Ry
lai s, 0076750 &Ll R MR R PRSI Brectrode

Ci I GvidebiQUitHs &ﬁ‘it cltl IQ%nﬁQoPﬁ%’x\fﬁoll rf ggla glgll()lsl of ggweﬁ provided to

source to an 1 ndu
dimmer .circuit,c

ser h th onpsi Si ng:
o i Eddt b i ESFA e shpech Bz g catraliedde bl
cont rlol electro provided with a control signal for
cont PHEF TR R %ﬁ‘?@%?PRﬂm%BQJéﬂtYpb?é%@M of she A€ Vobiagk source
the switch in normal operation being able to be
conbytdn adeilure mside bking ablectg dlack the A€ valtade s@eesieh only one half-
opposite polarity half-cycles of the AC voltage source
cycle of the AC voltage source and not being able to block the AC voltage source
in the second opposite polarity half-cycle;
a controller for the switch for determining if said failure mode of the

switch occurs;

a power supply coupled across said dimmer circuit for supplying power to

the controller;

the controller controlling the switch if such failure mode occurs so as to:

drive the switch into substantially full conduction during most of the half-
cycle which the s:yitch is able to control; and

drive the switch into non-conduction for a brief interval of time during
that same half-cycle so as to prevent a DC voltage component supplied to the
load from exceeding a predetermined level below which excessive transformer

heating does not occur, thereby minimizing overheating of the inductive load and
{00767245.1}



but in a failure node being able to block the AC

vol tage source in only one halfcycle of the AC voltage
waowsazisand not being able to block the AC vol pEmEs2006/018909

source in the second opposite polarity half-cycle; a

controller for the switch for determning if said

fai |gnpBlinPOHe pBivet & plé)i’\"o} R Bt to ?8 p?&%&edls\yf%) L ¥ficient

coupl ed across sai mTer circuit supp! Vi ng power

swi 1ORoFT o R ydDEe SRS Bicnfbie TR ioner B gomse e

swtch into substantially full conduction during nost
of tWE™¥fAl fcycle which the switch is able to control:
and drive the switch into non-conduction for a brief
interval of tinme during that sane half-cycle so as to
prevent a DC vol tage conponent supplied to the | oad

f r om excéedi Hu drouitedetagnti fiethet etedeid) ethew avihiled mode is
excessi ve transforner heating does not occur, thereby

m nidetezied Gyakeedigailles) theddonirOBed sedid8ich € dH Pa4h& 0itch i -
{00767245. 1 }enabling the pomerp’égluppl yﬁf or tﬁe‘@&JltCh into non

contchbddcBibn & tH@bﬁéﬂmeg\%joWi@F sufficient voltage from

the AC voltage source to enable the controller to
continue to operate. 2. The circuit of claim1,

further wherein, when a failure node is detected by

the controller, the controller periodically drives the
swi tch int o HSHasHAQE elatm L wherete when affailure rodalis deftected by
time. 3. The circuit of claim1, wherein, when a

f ai thercontrpler, the cntrellredribdically drives the switch into non-conduction

for the brief interval of time after an integral multiple of the line period of the AC

voltage source.

4. The circuit of claim 1, further comprising a power supply monitor
circuit for monitoring a power supply voltage, wherein if the power supply
voltage falls below a predetermined lower level, said controller drives said switch
into non-conduction for the brief interval of time, thereby enabling the power

supply to be provided with sufficient voltage from the AC voltage source to

enable the controller to continue to operate.

5. The circuit of claim 4, wherein the brief interval of time begins at a

zero-crossing of the AC voltage source.

{00767245.1)



the controller, the controller periodically drives the
switch into non-conduction for the brief interval of

wao 2ove/12af8per an integral nultiple of the |ine pereT/082006/018909
the AC voltage source. 4. The circuit of claim1,
further conprising a power supply nonitor circuit for

nonitori : BN e erein if the

power suggl 311 l\% tabtz)lf‘lfB %:“?1154 ’ ngF%\%l gleyﬁsfj%%ﬁh%‘a“ﬁ%\ﬂéf“a
| evel , said Cﬁﬂ%r%kiertdrives said switch into

non ZEEhEIITGN PG FEAa8F SR e nt erval of time, thereby
enabl ing the power supply to be provided with

sufficient voltage fromthe AC voltage source to

enabl e the controller to continue to operate. 5. The
circuit of cTheiaircait ofikimeidnwheeirbthe pbwensuppiyatonitortdineait
begins at a zero-crossing of the AC voltage source.

{ 00 tooti2ebns dl pdwer BOPpl§ivolibige acBss @l stdriedoap Wl &Sr F Bel ffver supply.
brief interval of tine ends at a zero-crossing of the
AC voltage source. 7. The circuit of claim4, wherein
the power supply nonitor circuit nonitors a power

I . . [ f.th
Suopry. B SRR e B PRSPl B SR a o
capaci tor. i.s di sposed at, an i nput of said power supply
and "&R%\?% %@PW? upBl g revided with goligsefmm syd Alolipliase

via a rectifier. 9. The circuit of claim8, wherein

t he seyiee yiata 1gefifinti ses a two-wire di mmer circuit which
isin series wwth the hot side of said AC vol tage
source and said load and is only connected to the AC
neutral side of said AC voltage source

9. The circuit of claim 8, wherein the circuit comprises a two-wire
dimmer circuit which is in series with the hot side of said AC voltage source and

said load and is 6nly connected to the AC neutral side of said AC voltage source

through the load.

10. The circuit of claim 4, wherein the power supply monitor circuit

comprises a voltage divider circuit disposed across said storage capacitor.

11. The circuit of claim 1, wherein said power supply comprises a

switching rr'lode power supply.
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through the I oad. 10. The circuit of claim4, wherein

the power supply nonitor circuit conprises a voltage
waleaede4s9xi rcuit di sposed across said storage PCT/US2006/018909

capacitor. 11. The circuit of claiml1l, wherein said

power supply conprises a switching node power supply.

{ 0076724551 Tﬂﬁ?ﬂl‘éﬁ%f%laﬁlﬁ@ ‘Wg@lfel C%a%%f@gﬁﬁgfgéb%clgﬁs%f gslt ?nd

rectifier conprlses first and se

fir d i d_di r cuit and

e e R SRRSO R ShuRMltminaelrud digmep it and

capaci t or 13 The circuit of cI aim1l, further
rrgﬁa“”élngﬁgw&“g% EQRCEHAR GOYPIe it 3aidl stopasg sRRRFIOB sai d

smntch for nonitoring said switch to determne if said

failure node has occurred. 14. The circuit of claim

13, wherein said switch nonitor circuit conprises a

vol t age didviTer cimivitediclair dufirther tempixie 5 wivitehmodfor circuit

The circuit of claiml, wherein said bidirectiona

SW c6tipl6@ bPgHii® SFitdh o8 noRNEriPEERD Switdh® RIRES i€ Gaili Faifilde

anti-seri es circuit, so that said FETs have one

COr LesfqRdbAG K@i N current carrying term nal connected
i n common, eagﬁBFET being able to block voltage in a

respective half-cycle of the AC source voltage in the
absence of the failure node. 16. The circuit of claim
15, further conpri si ng a switch nonitor circuit

connect ed#t ol eadreuiof skaing 1Ep7Rereigrsaigesvdtchimeniton eircuit

failure nmode and having an output coupled to said
contewpiiegs.a voltage divider circuit coupled to said switch.

15. The circuit of claim 1, wherein said bidirectional switch comprises
first and second FETSs connected in an anti-sen'eé circuit, so that said FET's have
one corresponding main current carrying terminal connected in common, each
FET being able to block voltage in a respective half-cycle of the AC source

voltage in the absence of the failure mode.
16. The circuit of claim 15, further comprising a switch monitor circuit

connected to each of said FETs for detecting the failure mode and having an

output coupled to said controller.
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{00767245. 1} 17. The circuit of claim 16, wherein the

swtch nonitor circuit connected to each of said FETs
w@oivpne43es a vol tage divider circuit connect edPEUSHE6/018909

the main current carrying termnals of each FET. 18.

The circuit of claim15, wherein each FET has an

i ntrinsi Cl7d' eth&{llt%%ﬁlﬁlﬂqb Fhads tEQI@\&m':l}sm%gﬂﬂecltéc%ﬂfconnected

par al | el e maln current carry

the FET,a rever se e vvhen the FET is

abl &° F%Chb‘i%@ré% SCRGPTISTH ¢ mj ?Hﬁ@errﬁﬁr% pemsetegrcioss the
t he absence of said failure npde. 19. The circuit of

cl aifRAiE CUFETE CaTHngAuiRaleolsdR FESuppl y moni tor ci rcui t
determi nes that the power supply voltage has exceeded

a predeterm ned upper level, said controller drives
said switch back into full conduction. 20. The circuit

of cl ai m189, THetvitchitfof whagh @b whatih 26l FEYIHae bn 6AEKS diode or
periodically to determine if the detected failure node

I N $Rietha® Widde fhdt & HifediOd ﬁgpa%mev Hithfthd hﬁflfcdgfégis &rfling

swtch or if said swtch being contro

S,‘Qf’?jgﬁ*éra?* OB RO PR LB o

rcurt of im20, wherein if the control]er
det é(P nlnﬁé’fmfl pReratinn indhg fhsengecof said faturgapqglet

failur e, the controller resunes normal operation of
said dimer circuit thereby all ow ng di mm ng.
{00767245 .1 )22. The circuit of claim1l1, further
conpri si Af. &@fhelodasit obolain dntvhakinachanshe powtt aipphomonitor
manual control of said dimrer circuit, and further

wheertlt ddiensine thed thepowét ﬁb?l'y%&agéc hds@cé’édeh 832ddeRRrined
control actuator has been actuated and in

upper level, said controller drives said switch back into full conduction.

20. The circuit of claim 19, further wherein said controller checks
periodically to determine if the detected failure mode in said switch is due to an
actual failure in said switch or if said switch is being controlled by another circuit
S0 as to appear to be a failure in said switch when in fact the switch has not

failed.

21. The circuit of claim 20, wherein if the controller determines that the
detected failure is not an actual failure, the controller resumes normal operation

of said dimmer circuit thereby allowing dimming.
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response, displays an error indication on a display

device if the failure node has been detected. 23. The
w@eoe24890f cl ai m 19, further conprising a tineCT/URENG6/018909

is reset when said switch is driven on by said

controller, said tinmer expiring after a preset tinme,

further r’ﬁ{erl:ugnﬁ OP ag{ﬂﬁ ?l %U%ﬁm%ég DSEHS %%ast Ol‘\l,ﬁ,]COntI{)PaCtuatOI'

determne | f said prese
the controller drives_.said. switch off sajd ti
has AR BHECRTa Y, PR OF B AinBeL kgt pned et W@ﬁ%

of tinme for providing power to the power supply
pea@@nwll@aﬁe@m@e@, efdg% at logst pageontrp actypier basﬂzean @Cf@ﬁted and in
claim 23, wherein said tiner preset tine is set to
expirespopsd, displays smemlopodientigu@pé displal tdagiee ifahé failpre mode has
bel ow said predeterm ned | ower |evel. 25. The circuit

of ®eed MRtdctedherein the bidirectional switch conprises

at | east one FET disposed in a rectifier bridge such

that a predetermined polarity of current always passes
through the at | east one FET in one direction. 26. The

ciroutt pPovi T AR a0 SRR RO faebisrg woen

| oad, . each, of sald i mrer cir UItS being in series

wi t i sPaeh At iR an ngmtr@ &, 4910 (ks PSPIANG AEEF 2 preset fime,
dimer circuit {Q)76724S.1 }has a di nmer output and a

c onehar yherein gher eontrof¢renonioirngpid et dddtermireif seidereset time
conmon i nput and a power supply input, a respective

r ecthia§ expiredeind gvieoaip tedohebliaehiveashd ewittheoff euief shidatifer has
sai d power supply input. 27. The circuit of claim 26,

whe reﬁ?ﬁ*ed?’ > AeleOWRENBHRRIZHhE BABh@Bfl b fifik fénstodRl wer to
out puts for providing power to the control termnals

of ?l?eclgbwer supply with peaks of said AC source voltage.

24. The circuit of claim 23, wherein said timer preset time is set to expire

prior to said power supply voltage falling below said predetermined lower level.

25. The circuit of claim 1, wherein the bidirectional switch comprises at
least one FET disposed in a rectifier bridge such that a predetermined polarity of

current always passes through the at least one FET in one direction.

26. The circuit of claim 1, further comprising a second dimmer circuit
providing power to a second inductive lighting load, each of said dimmer circuits

being in series with a respective lighting load and wherein each dimmer circuit
{00767245.1}



bidirectional swtch of each dimrer circuit. 28. A

nmet hod for operating a dimrer circuit for providing AC
w@owen248pdm an AC vol tage source to an i nduct i RET/US2006/018909

lighting | oad disposed in series with the di mrer

circuit, wherein the dimrer circuit conprises a

bi dif ' tch havi one

01 LR B0E p AR SRR P R BB ol e
controlling the amount of power provided to_ the | oad,

t he SSTRMAPHIPY 406 2RAWCE SLPLY 1NBHE Bé?%’ﬁc%‘{ﬂ rgctffierjhging coupled
controlled to block voltage in first and second

opp&sivteen gashndimmeripatrut ey said pewen sypplxdnpdl t age sour ce
but in a failure node being able to block the AC

vol tage source in only one half-cycle of the AC

vol tage source and not being able to block the AC

vol t age SQUITR diftuitioe cRas QB8 dwRRBRAShid R @ﬁ%ﬂly compnses first
hal f-cycle; a power supply coupled across t

f' r GHil bechRl oﬁf#ﬁ&l £t ﬁ%vgﬁﬁé%&eg G e ¥3hEBl teﬁhir Gl dr eficq{

he di mer ci uit; nmpri sing eterm ni ng

i f f..the svmtch occurs which can
cauz)gh%ﬁtflcz%a %f}} ytd%agﬁ\%gﬁl THEYMal - cycl es del i vered

to the load and thus a DC vol tage conponent to be
delivered to the |load; {00767245. 1}driving the swtch
into substantially full conduction duri ng nost of the

hal f - cycl8. whimgthadrer epdratitg 4 dinmdreincuit forirovdingak@ power
driving the switch into non-conduction for a brief

I nt élovedn AC toltage shiirta® dnfinductiastglal S osd dlsposed iRSeried with
prevent a DC voltage conponent supplied to the | oad

f r ofReekifRRY ichBuif iR e hARY ¢ r@ﬁi%oxﬁﬁﬁs@é\’a‘ﬁfﬂlfé&10nal

excessi ve transforner

semiconductor switch having at least one control electrode provided with a
control signal for controlling the amount of power provided to the load, the
switch in normal operation being able to be controlled to block voltage in first
and second opposite polarity half-cycles of the AC voltage source but in a failure
mode being able to block the AC voltage source in only one half-cycle of the AC
voltage source and not being able to block the AC voltage source in the second
opposite polarity half-cycle; a power supply coupled across the dimmer circuit
for supplying power to a control circuit for the dimmer circuit;

the method comprising:

determining if said failure mode of the switch occurs which can cause an
asymmetry between the half-cycles delivered to the load and thus a DC voltage

component to be delivered to the load;
{00767245.1)



heati ng does not occur, thereby m nim zing overheating
of the inductive |oad and enabling the power supply
WO evostibsxontrol circuit to be provided with sedET/iU820061018909
voltage fromthe AC voltage source to enable the
control circuit to continue to operate. 29 The met hod

of clai md%l%inlgttﬂé é&)ﬁéh Rl hﬁzﬂpgtﬁﬁ'tcﬁgéic cfion fdupﬁg \r/ﬂrd\gg?f the

t he SW t onduc e

failu d d. 30 Th
&i‘é]g%éfgﬂﬂqﬁ hggwnlsﬁﬁn%i‘?toc%ﬁﬁs gﬁ S peri odi C:| ly

drl ving the switch into non-conduction for the brief

i nt er val dsiving the swfteheintemon-gansyetion fop kbripl iatesfaligfdime during
line period of the AC voltage source when a failure
nodehdt saide helficgde s@ is tolprevane b iidvatage lcampodhit stpplicdéo the
conprising nonitoring a power supply voltage, and if

t he QMRS m eRERUM g rb@aanTiAld IBvélDeW FhRhestesssrveithastormer
| ower Ievel dr|V|ng sai d smntch i nto non-conducti on

f or ggpc% ?Boﬂ SF, Yl?érel:ﬂf m%ﬂ(l) in ng Q- éﬁggoiltl%etlﬁ&fc%%{ load and

enab powWer ’su rovi

suffici.ent volta e fr sourc
enaﬁpéblméh%sﬁw Spely o negneiol ot HheRitviRayde i
met hod of claim 31, further conprising nonitoring
powndPltagifie theopCatpliage sassce te capkle Syeronipheirqugto 6Pntt“HJé‘ to
power supply. 33. The nethod of claim 32, wherein the

di moperats.r cuit conprises a two-wire dimer circuit

which is in series with the hot side of said AC

vol tage source and said load and is only connected to
the AC neutral side of said AC voltage source through

t he | oad.

29. The method of claim 28, further comprising periodically driving the
switch into non-conduction for the brief interval of time when a failure mode is

detected.

30. The method of claim 28, further comprising periodically driving the
switch into non-conduction for the brief interval of time after an integral multiple

of the line period of the AC voltage source when a failure mode is detected.

31. The method of claim 28, further comprising monitoring a power
supply voltage, and if the power supply voltage falls below a predetermined

lower level, driving said switch into non-conduction for the brief interval of time,
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34. The nethod of claim28, further conprising

nmonitoring said switch to determne if said failure
woee/ 1833 occurred. 35. The net hod of cl ai m 28PCTMIB2066/618909

said bidirectional switch conprises first and second

FETs connected in an anti-series circuit, so that said

FETs, have o correspondi i e carryin

{or ey SORRE TE@OTR: e Coae et ih afficicfs Piiqeg from the
bl ock voltage in a re?pective alf-cycle of the AC

sourde voltage agerce o enqleahe epnterllsy ta goatipnyg fo AReTHede. 36.

The nmet hod of claim 35, wherein each FET has an

intrinsic diode or external diode that is connected in
parallel with the main current carrying {00767245 .|

}t er mi nal3g. ofhd hethbEdf dnith 8 hdtirthe compeisisig rhordseig\atpomwer

the FET is able to bl ock voltage during normal FET
operabdiORolthbel @bpacik 6f digoWeesuppe. 37. The

nmet ﬁg%élg?(ﬂéipgaei%%%a%ﬁﬁhe? conpr i siﬂr?g when the power
supply nmonitor circuit determ nes that the power

supply voltage has exceeded a predeterm ned upper

| evel , drjvi said sw tch_back i.nto full cond

38. The met hbee Bethed gt elpizy3 f‘ﬁhqfﬂaﬁh%%m}?‘?fs‘%‘ﬁ‘fa&
checking periodically to determne if the detected

f ai [twpevinmdisumer citghid wightia in sesieg wathtthe hot sida ofzgpid AC voltage
failure in said switch or if said switch is being '
contsboick and kaid dswtandis aily conrteced tathet AC appteasidecfiseideAC
failure in said switch when in fact the switch has not

f ai |V%qag§§,urcmﬁrdmghmom_ claim 38, further conprising
resum ng normal operation of said dimrer circuit

thereby allowing dinming if the detected failure is

not an actual failure.

ction.
comprises a

34. The method of claim 28, further comprising monitoring said switch

to determine if said failure mode has occurred.

35. The method of claim 28, wherein said bidirectional switch comprises
first and second FETs connected in an anti-series circuit, so that said FETs have
one corresponding main current carrying terminal connected in common, each
FET being able to block voltage in a respective half-cycle of the AC source

voltage in the absence of the failure mode.

36. The method of claim 35, wherein each FET has an intrinsic diode or

external diode that is connected in parallel with the main current carrying

{00767245.1}



40. The nethod of claim 28, further wherein the di mrer

circuit conprises at |east one control actuator
wW@bdoome48g3 manual control of said di nmer circui PCT/ERZ06/018909

further conprising determning if the at |east one

control actuator has been actuated and in response,

ho 72 PP oF e ind (S RYERE bR R fbfio plock

I TRAIE e B0 o e QAL P00

expiring after a preset tine, further conprising
nonitoring said tiner to determne if said preset tine
has expired and driving said switch off when said

ti mer has7exphea mdthod écleimy 3 §yfnghermonmgirisingt wigenizhe péwer supply
interval of tinme for providing power to the power

SUPRhohittlr tliceadtermihesshatdh Mo @UBUEEH yWolthgdens ekdeedttie
met hod of claim4l, wherein said tiner preset tine is

set QiR @g:blol%vélpdr?\ﬁh s WRTtcrS BRI iMtoR 1 tcB8Guction.
S 43. The

fall'i ng bel ow said predetefrm ned | ower |evel.
nmet hod of claim 28, wherein the bidirectional switch
conprises at | east one FET disposed in a rectifier

bridge such that redeterm ned polarity of current,
al way's pé@s etwﬁwg@f 634«1@ %1 fyrgheg eowaesmé?h«?qlﬂwnodwaﬂy to
di rection. £00767245.1 }

determine if the detected failure mode in said switch is due to an actual failure in

said switch or if said switch is being controlled by another circuit so as to appear

to be a failure in said switch when in fact the switch has not failed.

39. The method of claim 38, further comprising resuming normal
operation of said dimmer circuit thereby allowing dimming if the detected failure

is not an actual failure.

40. The method of claim 28, further wherein the dimmer circuit
comprises at least one control actuator allowing manual control of said dimmer
circuit, and further comprising determining if the at least one control actuator has
been actuated and in response, displaying an error indication on a display device

if the failure mode has been detected.
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41. The method of claim 37, further comprising resetting a timer when
said switch is driven on, said timer expiring after a preset time, further
comprising monitoring said timer to determine if said preset time has expired and
driving said switch off when said timer has expired, thereby synchronizing the
brief interval of time for providing power to the power supply with peaks of said

AC source voltage.

42. The method of claim 41, wherein said timer preset time is set to
expire prior to said power supply voltage falling below said predetermined lower

level.

43. The method of claim 28, wherein the bidirectional switch comprises

at least one FET disposed in a rectifier bridge such that a predetermined polarity

of current always passes through the at least one FET in one direction.
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