ELECTRONI C CONTROL SYSTEMS AND METHODS CROSS- REFERENCE TO RELATED

APPLI CATI ONS This application clains the benefit of U S. Provisional
Application No. 60/303,508, 5 filed July 6, 2001, and U. S. Application No.
10/ 013, 746, filed Decenber 10, 2001, the entire disclosure of which is
hereby incorporated by reference. FIELD OF THE | NVENTI ON The present

‘invention relates in gﬁﬂﬁi?@tﬁm\lﬁli @(‘(;Nﬂglm gq@&rmsc%mﬁ% ystens, and

10 nore particularly, to lighting contr clrcuits and systens. BACKGROUND
OF THE I-NVENTI ON There are nany applications where it is desirable to

control theCROSMREFERENGHTO RECATEDAPPRPYEATHEINYered to a | oad. One
exanpl e of such an application is the use of a 15 lighting dimer to control

t hedout put 011: a Thismppﬂc;}a!iomréﬁmﬁybff btaﬁﬁyt)f Urﬁ;tPu‘@‘ql’isiOD?d Appitaatbh Nog 604208,508,
aynchr oft zced i b0k TEY, aplisdane. ERn oo A DEGRBSR Aot fieesS
predet er m %gﬂbﬁﬁ‘gﬁi"@lhidhrlsﬁéfe??'WJ orgﬁgglbgrgferérﬁg. AC line voltage. That is,

the |l oad only receives power S on portion of the AC line voltage
hal f cycle. The | onger the conduction tine, the nore power delivered to the

20 |l oad. By_the s ' t orter the conduction time, the | ess power
delivered t EEIhB cﬁﬁiﬁBQMIgJﬁgﬁ)@hp“ marily two nmethods for controlling AC
| oads such as "@fﬁ% Redt 93 ion rOEWR Il BIRRS 8o EREEERL BROT GNEItS GnPBRAIENS, and
control. A contro bly conductive device is a device whose conduction can

be contifol | edreyardeuiaty,do tightisg goelal ckbasearidrsykigds. devi ces such as  net al
oxi de sem -conductor field effect transistors (MOSFET), insul ated gate
bi - pol ar 25 transistors (I GBT), bi-polar junction transistors (BJT), triacs,

silicon conghelt€RIERD OFErAE INERNrmone! ays, swi tches, vacuum tubes and

the like. These two control nethods utilize the conductive and
non- conduct i ve sThtresraihany epplicatibhawhsre ¢oindesitabletadenitiod theompmt pHbvdrhges

ower in a.,oad_and synchroni ze the conductjon. and non-conduction of .the
Bont ol | abl SodBi FOPIeL BRIt e o SRR ErBlEShStE 28 REPGOUPLE B BAEOTF ne
vol t agas 30;giigeMBiRed tOEodtRS1 MR SuBREsTR 160 Olim@sr SHRMy ﬁihcﬁfbayA 1(’3:? cdBrolling

synchroni zes"a “control | ably conductive device to thé source of AC power and
control s t Hbeconductich aif yrrentgbrough dirdoed.i decodbollaldy condective devion dusymickooniedr

SRR T AL O SN SR Ty G I RN
cycle of the AC line voltage. That is, the load only receives power (is on) for a portion of the
AC line voltage half cycle. The longer the conduction time, the more power delivered to the J
20 load. By the same logic, the shorter the conduction time, the less power delivered to the load.
There are primarily two methods for controllmg AC loads such as lighting loads,
forward phase control and reverse phase control. A controllably conductive device is a device
whose conduction can be controlled by an external signal. These mclude devices such as
metal oxide semi-conductor field effect transistors (MOSFET), insulated gate bi-polar
25  transistors (IGBT), bi-polar junction transistors (BJT), triacs, silicon controlled rectifiers
(SCRs), relays, switches, vacuum tubes and the like. These two control methods utilize the
conductive and non-conductive states of a controllably conductive device to contfol the power
in a load and synchronize the conduction and non-conduction of the controllably conductive
devices to zero crosses of the source of AC line voltage.
30 The method of forward phase control, as shown in Figure 13, synchronizes a

controllably conductive device to the source of AC power and controls the controllably
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of the ACline voltage half cycle. In the method of reverse phase control,
as shown in Figure 14, the periods of non-conduction and conduction are
reversed with respect to tinme. That is to 5 say, the controllably conductive
device is controlled to be conductive during the first portion of the AC
l'ine voltage half cycle followed by a period of non-conduction in the sane

half cycl ecoﬁaﬁctmtdme% bé%ﬁfc%ﬁd@&%%vﬁpﬂfe ffﬁ.l;t r% ortiod bed ugetnd %%@gg{aﬁém,

of capacitive |oads such as electronic trans orvvard
cont r ol basehercomttradd theysheolalilheondnrtivedkaibt yo b@m@hﬁmbnveod@\me eemaaningq:ortion

often a triac, or SCR., These, devi es can_b ontroll ed to be
non- conduct F\féll%f*%;:]é‘ﬁd\(ﬁ:lfaﬁﬁ’galfc%lﬁe Bhe IPFﬂ’Pﬁé@f%Vreégeé&arﬁ? gnted. asosham in Figure

conduct i ve, jishay € RS Bf YolRBafiRRAR N Ala EQNANED YF: fBYersBd mwelgg)etcbf‘o e Fibis o

t hrough themfto IS characteristic,

cont r ol | abl gagohddotitraitabiievbnksiios deviod isusadollat torlm/@nﬂactwmﬁnfgom& lﬁ@;kt rase(
control systens where the ability to enable and _di sable conduction is

requi red. 19TEhes( ng voliegadalcyclsdadoved hﬁﬁ@%%%@%ﬁow oy ip fhegiagnerhalip

The froauerayrtr angegned i erRPRe et W ber B BheERtr et Anhg (s

power term gatsabhaeroienahstbhiase. termnals (the hot termnal) connected to
a hot wire of a source of AC power and the other term nal (the di nmed hot

term nal ) connectladorward phagesgontist hﬁf‘r@dlcobﬁ’obg}"ﬁ@atﬁ thesentradl Immrrﬂqch%d@\yws
Of CO”nE&t I O 11 ﬂret 139 OOf ! S?gd%fhgger (?eqf.lée(s) %S PF' x\@ﬁgﬁed%tz)(‘)bgglnhr Oé]?ucth\fe ar CO{lﬁléGt}Ve

control conn I'n series elrr

power suppl mwm iled die bomd1editoberconductive} thep ughoklRite heddnon- I&ﬂubﬁa@by
can often have a w de range of input inpedance., As such, the operation of

the power SHUEPIYE BSPUrTER tgPughitaemtiogs o remn Qﬂ&wrt%@@dwtqmsméh@%wawrfé
connect i on %8Qﬁgﬂab1§'%}§§%%'ilve%e{veé@s Mol V\E?eﬁ%ﬂév%&e B &e&o%%%%¥se‘ﬁhc%ﬂt15ﬁ§ys ms
control is wre I nN"an a 'l ca Eé ere neut |a I'S Nnot Eﬁe

Controls mhﬁi&rhﬂi&aﬂikb@ﬁ@@hﬂlﬂean& disable cbndutionds rdquddd. and neutral wire are
often referred to as "three wire" control s. Wien a neutral wire fromthe
source bf AC poweElscgoningenialii need §¢ dedyiepevesupBlyanfader iaIpopes hoipassegiated e

control, t h%l&%}% %S%Hﬂ Yorfd pgd&’%g 8815t9ﬁﬁ§ re ﬂre(? &9@1‘1&%@%1&? ﬁ%ﬁxﬁ%ﬁ%nnaﬁlon

|ndependentl e’ connec er eny enn
many appli ca{tomﬂﬂs whidheully hhvamw«:qzdwmtmmhaa]s have eneocbf tA@sqommrnalss(ﬂmhot terminal)

Gl ther a1 WGORNTAI0 PARIEVES PRt SUTRF POALGITIR AHey Dy BB 1 WO Bt r o
to be used y&ndnhi Qéﬁlerc?éa% DOfirst feBhthal of a load. Controls with this type of connection are
20  often referred to as “two wire” controls. Two wire controls which are connected in series with
their loads must charge their power supplies and obtain timing information through this load.
. The load can often have a wide range of input impedance. As such, the operation of the
power supply and timing circuit is often compromised in the two wire connection schem:
However, a two wire connection 1s necessary when the control is wired in an application
25  where a neutral wire is not available.

Control_s which have connections to the hot wire, load, and neutral wire are often
referred to as “three wire” controls. When a neutral wire from the source of AC power is
available for connection to a neutral terminal of the control, the power supply and zero cross
information can be derived independently of the connected load, thereby enhancing

30  performance. In many applications, a neutral wire from the source of AC power is not

available. Therefore, a control is needed that can operate correctly as either a two wire or
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applications with great flexibility. Prior art for devel oping a non-isol ated
| ow vol t age power supply froma high voltage source, such as the AC line
vol tage, used circuits such as a cat car power supply. Such a 5 system woul d
conduct at or near the line voltage zero cross so as to recharge an energy
storage capacitor. Such systens typically operate properly in the region
about | m | thrsewidonfropmdrétey ARiwing tlescintg! of bd feedlin a®rowql fsage of fplr at i on
outside that tinme w ndow can cause excessive power to be dissipated in the
pover suppl §PPIFRBORSAYVILE b SFEIbIEHppl v has rel atively high peak and high
average i nput cukl. i ] . r S li.ed to
fhe connected DCTI oA Al SBFELhR P AR F SR e B R ok e

si gni fi cant sqired)lsedh wher Adiise SuRdey ub@cdinaltogych & disedavpdWerahipply Elich 4 ow
vol tage, (ELV) | oad types on phase control dimrers connected in a tw wre

nmode. A Supgiisiem would condugl aicir hagethe disie voltags zasaicrasy s¢ s ivaisdkatze haentrgs | ow
average input currents thraqugh the hi -voltage | oad.. Al so, typical.prior
2T pover oppRtaESIDe Suah AP pishl ol e Per Bt o R B e o
hi gher aver agg thBRbio GUES@NESthE Gins WBRAYE. tOFerBOMRHULEIAE Mt BFB vindRfw EafRiamal
prior art dimrers. Another disadvantage of prior art power supplies for

| i ghting cogitoestivelpaiveiel heglissipgied Wole powess®WHIN-n t he power supplies

increase with the,amount of curreni requir . l.ivered by the power.
Supply. The. o endie nenigprer HREl he BHPE bR pOR ekl BlFeciimyl GuBEHE b
f eat ur epy angbshabned tiNdletdor cutBsRiphbBad s cantkctdd o ilonal Thiy Iﬁgﬂwei-ﬁ%?gmgﬁt
increasing anounts of current to be delivered by the power sql;lpp[ : nce,

it is desirewran pprsevisdesigni feans praigrpwhenfthis supply deshinatpeydnupesl wihletectronic low

From typi caro R D aSkEhel oY B dbo e AOMsBE AR RN el SR

Wi th such prilew valthgd irol etBiEliyas nedfed Tham@s e adery@y ingly ciefedidtbrbugh the
conditions to which Tlaghtl ng controls may be subject, including, for
n

exanpl e, ovkighpsitesgtoagndlaudypieal mron eri@oner sHrmes hayebeopgriabiyelvdpaidiciens 5e
b . : i f f ,
O otk BER AR e e YRR B R R0, 0 Y 4810 OGRS ypi

sharp transpfitit art @gidersl i ghtning strikes, etc. Over current conditions can
be caused by, for exanple, short circuited |oads, connected |oads .31 0
exceedi ng the codgdes disadyayazeniariy a8 nostasupRIies fordightingconghdridess s that

devices,. s u?ﬁg?la R%SMVE\?[F Ejga%ovﬁg\gégp%iégiiﬁ&eﬁ Wwith BRWBLG o Qlrt 29 ?eqq{i%dctbj Reent

they can w
delivered by the power supply. The trend in modern lighting controls is to incorporate more

20  features and functionality. These features and functionality require ever increasing amounts
of current to be delivered by the power supply. Hence, it is desired to provide a power supply
for a lighting control able to efficiently supply greater amounts of current than are presently
ﬁvailable from typical prior art power supplies without the power losses associated with such
prior art power supplies.

25 There are a variety of fault conditions to which lighting controls may be subject,
including, for example, over voltage and over current conditions. Over voltage conditions can
be caused by, for example, the turning on and off of nearby and connected magnetic loads,
capacitive coupling to parallel wire runs with sharp transient loads, lightning strikes, etc.

Over current conditions can be caused by, for example, short circuited loads, connected loads

(S}
<

exceeding the controls rating, mis-wire conditions, ete. Semiconductor devices, such as

MOSFETs, have limits as to how much voltage and current they can withstand without

Page 3



failure. In order to protect a control that uses these sem conductor devices
fromfailure, these limts are preferably never exceeded. Fast detection of
fault conditions, and fast reaction thereto is desirable in order to
protect these devices. In contrast, during normal operation, the rates of
transition between conductive and 5 non-conductive states of these '
sem conduct gxihgeVilg efdert&ponitt a@bhedl that firs Sheawserhitos@u@bOReviE@t R Milure, these
transition are used, for exanple, to limt the voltage and current waveforns
as seen by lintés droacicrablicorvst yxadeded. r Belit delgatiemell @ngnodwns,a—’dlidcfaﬁtnemﬁ@ncy

interference (RFI.) Ji.mts, or,. to lim¢t voltage ringing caused by inductive
power wiri ngl}eg%\,%\glg§1?f}bﬁ%@30éd§rl tS\A?IP%E%e{he éi"r‘%ﬁsi tion during normnal
operation are toq,saw.diofadetiale oﬁéﬁﬁ&%&h@f‘ﬁ&f oﬂtf!a%%ﬁio%%e%%&r?&&%%f% and

devices, Thus, there is a need for protection circuitry that operates
cause fast noatcesdodtivershaisd ¢fi ibasemedecoridamotar devieds trieaosirolMd teebestlowl Tdlekosibng

t hese sem conduct.or devi ces 0. be operated wi.th slowrates of transition
under nor naratswf BRRFEOR B dSe - dREEX Vit Yol e apd g U RVEKATERNPIEERS PR by

present invepnij i ' ; 1 : ' ; i Ol .
Cyatom uni cp kiifh 3P FiE el A &8 GRAARETER YAk Rl P RE IR Sl
of the invent liont vélhee rapmer cmsd bypldugsvapdweghwiipi deneser ptheser slswppley of

whi ch can suppl%\ﬂgomer to the operati ngq sji r cui tJy of the el ecéroni c control
system in b&PASKIRH SXRASORFBR! QREFAIIQNAE K9 RO TVIRGASRERIE PRGBS her aspect

of the i@ve@&jn%ldﬁ&?r APRALATHYR, s SO S e%ﬁc%r %@Eti&p@iﬁ‘cuiﬁ 1R e aPesl B ause

presence of a neutral wre connection an uts a signal “responsive to the
det ect ed netfitst adtes\of garstiorewtdeo faul beoraitgest While bt tHowing theset sealicaydstemdevices
operate in a {)wo W re dle when the neutral, wire connection js absent and
to operate {08 OPHRES Wit EORHRES AIHERSTIRE RECHHUMELPPEALRA ARG |

present. According to other aspects of the invention, the apparatus enploys

a zero cross 25 detector which can operate in both two and three wi re nodes.
I n an enbodiSHEBVMATINE OJeTHE ERESFENEIBMIBENTEGMri ses a hot zero cross

detector_that generates a.hot .zero,cross signpal and neutral zero crgss
det ect ol St hat  gendiSRES L IRENHPL S Ui CipBettangarrtuniy ag Siruredi: st gystem
responsi ve, ifich Qg aB5® t60Q3 sk $NA Spdr@itRUSE ok dify AP RABLWT thOLRBEI AL, 8hd N
one of the two wire and three wire nodes. Page 4 According to yet another

aspect of thppamerenimoys 2 highafeicatusoeensupply whish ser sy powenisi the spagtinge
g; ;? e(r:nr 0SS i n&l the &€ rgr?lg cg}{trélhseys eln'?l%t Fothbo &RY MIQJ: \h’%l%%%lsqlgha [Uhs. the
' According to another aspect of the invention, the apparatus employs a detector that
20  detects the presence of a neutral wire connection and outputs a signal responsive to the
detected neutral wire connection to cause the electronic control system to operate in a two
wire mode when the neutral wire connection is absent and to operate in a three wire mode
when the neutral wire connection is present.
According to other aspects of the invention, the apparatus employs a zero cross
25  detector which can operate in both two and three wire modes. In an embodiment, the zero
cross detector comprises a hot zero cross detector that generates a hot zero cross signal and a
neutral zero cross detector that generates a neutral zero cross signal, and a microprocessor

responsive to the zero cross signals to cause the apparatus to operate in ane of the two wire

and three wire modes.
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is operating electronic | ow voltage transforner connected | oads. Another
enbodi nent of the present invention is directed toward the protection of 5
controll ably conductive devices such as sem conductor devices |ike MOSFETs
and 1 GBTs wused in an electronic control system Over voltage circuitry
senses an over voltage condition across a controllably conductive device

which is in the paoedingusyétv@odicabspeanst hoiveatisn the aps@atus enpbRIFk Y system for
conductive device to be conductive so as to renpve the over voltage

condi tion. stabBringthegato giopEg figpalgeemsend e olereropisrqosiol systesngien the system
control l'ably conductive devi as 10 ded a predet erm ned current
Chreshol d sl R EorEY LRy P Reatr R aE R B EEEREe o e

non- conducti ve s@uashdreneiiihentdfehs plegerdppveaationgs dif@dedfowaRetleqibicelibabl y
conductive device is not exceeded. The protection circuitry output is

desirably cowitrgjlabédcendistivhidevites wigh as bypiggsdusier deviaes lite MASFRos awd IGBTs
control path of. the ggntrolhﬁbk¥ ondxftive d%cheiand cause the di
control | abl 956@;}%‘&&1? BN t 5 P ansit EEC B el %eﬁ%@no‘fbﬁau%% B
non 15 condyghioncsh@diebly AsREH O Gedit WHchNen RS RPREIOHNhctiR tdtONENE RIS the

latching circuitry is enployed to keep the results of the protection
circuitry i comtidlabdly emetuctive devicdi Hearrndueidvediotdsdn rémsvetheavenvoltageckodition.

other bt ot DRl B CR LI Haoa Ry CPrp b el m cgrsalTink Patfsf nptice it
condi tipn. 20-cEh&t b QBRI RGN ANErRinh Bire ASRE&ISe dirold e RESSAMbIY ERRRELH GO dWikd to
becone apparent from the follow ng detailed description of t'he invention

when consi dee sdnicandegijvgrsetas 6o ewiveh thersafe ensedimgaagd algthd canireldpbly BRIdERtive

DESCRI PTI ON,OF THE W For, t.he purpose of. .illustrati t h .
Dmoenti on. SR OTeR S CE TR & ot S SRl e ek ahat it can
preferred, pipReand ovogRIeThOAGmARUBN 6 path bethelcbatrbMenthRiuctise B0fice hhdrtdRd
to the specitic methods and instrunentalities disclosed. In the draw ngs:

Fi gure 1 i sthe dongelleblyetongreseve deivingria fapsition rapidiydieavsensipaduetionrndawsr dance

with th present. inyention; 30 Figure 2 is a block diagramof an exenplary
control ?%ys?%l?ﬁ%lchogé}c/ag “dance with the present invention; Page 5 Figure 3 is
a circuit schenmatAdeotiingtafrtier asgeotstof @i @dheriivre Xaeihaeitcdontis @hpRysd &ikédp

accordance with the:?resent i nvention; _ .
the results of the protection circuitry in effect even after the fault condition has cleared.
Lockout circuitry is used to prevent one protection circuit from tripping after the other
protection circuit has already tripped from a particular fault condition.
20 The foregoing and other aspects of the present invention will become apparent from
the following detailed description of the invention when considered in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS ‘

25 For the purpose of illustrating the invention, there 1s shown in the drawings an
embodiment that is presently preferred, it being understood, however, that the invention is not
limited to the specific methods and instrumentalities disclosed. In the drawings:

Figure 1 is a high level block diagram of an exemplary system in accordance with the
present invention;

30 Figure 2 is a block diagram of an exemplary control system in accordance with the

present invention;

Page 5



Figure 4 is a circuit schematic di agram of another portion of an exenplary
control systemin accordance with the present invention; 5 Figure 5is a
circuit schematic diagram of another portion of an exenplary control system
in accordance with the present invention; Figure 6 is a circuit schematic

di agram of anot her portion of an exenplary control systemin accordance

wi th the present Hipwerd isen¢irduiigiehemdtid diagrasi 0P pdited dfladekesphgy abntedl s@Btem in
exenpl ary transistor driver in accordance 10 with the present 1nvention;
Figure 8 is aceiapac Witk hapisesat dnvggtian of an exenpl ary zero cross detector

chemat 1 ¢ di agr arh BYLeari Gl iy ERE ARl Aot chich B Mool

present i nvepiiAin.acddrdmheinwih 6 presant giveptibhi ed schematic di agram of an
exenpl ar\é systemused for elimnating false indication of zero crossing in
e

accordanee with tHeusresanirquibsshemnaic dirgiag olwnothenpeninmelan ¢xenmardicagirahs;
Figure |l | is 2 Ci rcui_h sche E}%c di agr am gf .an exenplary load for use with
the present SYFRVEREAFEH %‘f‘f}r{g PEFH VI8P ek di agram of an exenpl ary

system conpri si Ngrigyle®Ns\OditRBSCRANEC diBRR ¥f AbiRATRMIEG] of £ &chtifdlty\ehhape
control |l ably conductive device in accordance with the present invention;

Fi gure 133 isystamdhageeadans whhitlhd preserairssnaeexenpl ary forward phase control

waveform and Fiqure 14 . is.a di.a which illustrates an exenpl.ary reverse
phase contr ol vva%éjg'érrﬁgz 15@@@#5@%@%&&%?@ %EN‘I‘%OIA Y BRRFCRERRICE
An enbodp nerfiipihetphéseRf BSeRtiod;nvention is directed to an electroi~c control -
systemand in particular a lighting controller that can automatically

det er mi ne whet herFigm‘Bcﬁnierea‘timpii%ed Wwoch disgramit pe erormiplagy zetrcgesswietastarode

(i.e., to operate W tfﬁhgl‘ Wi th]gut a.neutral wire connection). The
control | er SEFUEIGREIR Hie RIR n}‘?ngo?‘fe_ut ral wire connection to the |
el ectroni c contr aligsyst R FAGEAEI stnatic USidaitoF 20RREMbIRN sRE60E diragl 1 The

el ectronic control "system automatically selects and
accordance with the present invention;

15 Figure 10isa shnpliﬁed schematic diagram of an exemplary system used for
eliminating false indication of zero crossing in accordance with the present invention along
with exemplary timing diagrams;

Figure 11 is a circuit schematic diagram of an exemplary load for use with the present
invention;

20 Figure 12 is a block diagram of an exemplary system comprising a low voltage power
supply in parallel to a high voltage controllably conductive device in accordance with the
present invention;

Figure 13 is a diagram which illustrates an exemplary forward phase control

waveform; and

hJ
Lh

Figure 14 is a diagram which illustrates an exemplary reverse phase control waveform.

DESCRIPTION OF EXEMPLARY EMBODIMENTS AND BEST MODE
An embodiment of the present invention is directed to an electronic control system and
in particular a lighting controller that can automatically determine whether to operate in two
30 wire mode or three wire mode (i.e., to operate with or without a neutral wire connection). The

controller senses whether there is a neutral wire connection to the electronic control system
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continuously nonitors the connection schene. An enbodinent is directed
toward an electronic control systemsuch as a |ighting controller or

di mer; however, the invention has broader application in other electronic
controls. 5 Figure 1 is a high level block diagramof an exenplary systemin
accordance with the present invention. An electronic control system 100,

al so ref err add k@Bl dpebdion deb@hiighg Theslet®bie cotioldySiciTRitombticalli 6bREAMM
connect ed between an input source, such as an ACline voltage, and a first

terninal of canfigamsoponiers hepnagchioicshaesc o cnbadiment ianlinsFled towarilan ow

vol tage (EL r ansf [ W onnact |.a | oad. A typical AC |ine

vol t age con%ﬁ%céggﬂlcﬁ%ggﬁyﬁg\%%& 3%(? qf—%%?mggcﬁaﬁgﬁ%rho sémﬂb%}\leg&g%[ﬁf’é S mygatiog-has
line may al %@c)a(a@fl’ﬂxlﬁﬂnliiﬁti@n%ZchEpelaétEban@&Jﬁtroléo Hz single phase power source,

or the like. The el'ectronic control system 100 conprises a hot termnal, a

di mmed hdt term dagyre land hagnlswelbck diagianapf shexdmpleryoyysieonial dcgordensrewith dhe

to the neutral wire of th Cline. Th neut ire.of .the ACline.is also
connect ed t é’re:fe‘\é\gelé‘gﬁlglofne r%l é}ﬁfztr%'?lc £RRr eloggﬁte%@’ ilgoﬁiﬁgﬂ‘gﬂ &:9: ﬁ?rSWi ¥ a&&’h@@l
system 100 ¢oRtHIProrlaBmidedWs PlefBlablyednnted Botvl@Adn 2001 4SS, suh bY8K AC line
forward phase control or reverse phase control based on a predeterm ned

sel ection. RFoltageehedurfusitermioal ofd loag00,cads as an micendrsséntdione ot an elgetranie low

with reverse phas ntrol. because electronic.law yvolta ads .have a .
Capact ¢ ve. ABOE (APOHLHRE T 4 &P FALEE e of DinitT e RS Bo b R Gprses
el ectroppc Lowouelit 8061 SagR piasd A6 @S JouRS ITBRIAC Uink &My AN cdrhPiewher {orero20
control | ably conductive device of the electronic control systemtransitions
from a non- vobndlublzisingle phase powgneeures osthetléke. The el ectronic control system

100 detects whether the neutral .wre i.s~connected d _.adjusts it er at i,on
2ccordi ngl y. 1 adideole ooy tdn g SPRBRE TR e B Y3l Bo PR,
i Cr opr ocesgfd afRAirhiaeminAEwRIth R bpidinatly $8h@Eh @ to 1B HewdlLdl Q¥iFd dTale Wl Ehe OThe
two wire or three 25 wire node should be used by the el ectronic control

system to coauld|wirgel e dined loneonneried (@ a spcang termpinalced the bgd280of an

exenpl ahy el ectr gﬂ{ Celgc?%%cotl:%u?l%? Efﬁéxﬁqg() c [Mjols "fﬁ%ﬁ'{g\ﬁ%f %mﬁgrllt at$ 'theale%jc(ia 99@ [iSing

circuit “Schemat i i'agrans of various portions of an exe y ctroni €

control systgherlfoPwarllishasd egitfod 6t cevemdiphate Syslobbast@@ncosrpdta@sned ZdEqiodl I&S
detector 110, an over voltage protectign circuit 120, an over current
protection €lectonic loggoliagsade.ibis desisphls toragprats yeifhseveise ehise coBol basguse

e o T e e L T
' used to control electronic low voltage loads, a large transient cuurent can flow when the
20  controllably conductive device of the electronic control system transitions from a non-
conductive to a conductive state.
The electronic control system 100 detects whether the neutral wire is connected and
adjusts its operation accordingly. In particular, as described in further detail below a
microprocessor monitors the output of a detector, and determines which of two wire or three
25  wire mode should be used by the electronic control system to control the connected load.
Figure 2 is a block diagram of an exemplary electronic control system 100, and
Figures 3, 4, 5, and 6 are circuit schematic diagrams of various portions of an exemplary
electronic control system 100. The electronic control system 100 comprises a zero cross

detector 110, an over voltage protection circuit 120, an over current protection circuit 130, a

30  power supply 150, output circuit 160, and 2 microprocessor 190. The hot terminal and neutral

Page 7



provided to the over voltage protection circuit 120. The power supply 150 is
preferably a switching power supply with high efficiency (e.g., an

ef ficiency above about 50% . More particularly, with respect to Figure the
power 5 supply 150 is supplied with sufficient energy in both the two wire
node and three wire node. The diodes D1, D2, D60, D61, and the two body

di odes of t hemfEFrd soffidiedandh€terd2rddsnleteotir (U0, aid theidimbed Ishosvmihal iki gur e
5) forma full wave bridge for power supply current to flowin both AC Iline
vol tage hal Preyidsdto the ovenroltagsdrefecen eratt 18hi ¢ control systemwith the

(thr oo wire moae) URG gourkilh ol { Mg gative! Spflilel il dHRy

by drawi ng ¢egr antefficiomst itﬁ:v&@ubmesw/fo).A@owpmicm1MI?,ughlltl-E®eMB Pabie 3amek power
neutral wire in the negatjve half cycle of the AC |line voltage and through
the hot N r supplsl 150daauinhiedvattpydlicienkensagy inchath dheofva were mds angl thesletsige mads.

cyol es_thr oder PRS0 ctd 2T PR Bo G b YOREERT U0, R By
greater thapuihe chusit 8paEdkRIn ¥ u&@gﬁfoﬁﬁlésfuﬁ%ﬁefﬁic%@%i‘ p&wé&bslwpﬁgoag&&ﬁ kye

devi ces are non-conductive. The diode DI D of Figure prevents the bus
capaci t or CHOw mopethdi(s tharvgltegs half enedgs. ot her connected circuitry. The bus
capacitor C 10 i ed as .a source.of high, volt DC t ower. an _effi.cient
pover converier B Y SYERS VO aBRTBL D pafinie Nkl BameLioasr et it e
of the gbectiaRACVEORE ftRl ASYRkaBitagd(ilhe vitd o) thd Wl apeiber LE5f AR PhAkeS
as follows using the well known buck converter topol ogy. The efficient

power converstpplyilé desss b alrdwingowegt fieiibe pairce ebipoperitrshiouph, the hopwirgand

3 and bt e hud i nal 0 )
aniren ne oA OP L pbul LR ALa0 LI BAL GRIBORENL S s bR on
det ermi ned hyad iehs gbsitise Balfbi clatof die AT 1&RNRItade 1Th thedatdief 4 Bk diiRdBodd, @t Bis

optocoupler 25 Ul 1, current will_ not flow throua]h t hose conponents, thus
the opt o- cospPasdor CAAs shaseedin befhtglsyples tirongh thelpadwhen the alsehity walue of the

" ! . | . | . .
S0 S8, e O oG ERL: SRR SRR IS ERPILE ol e foforfN LOM S
I nc. San Josleviceabiefmnnicadutiivd. t Thesdivde ® 1piol F2gde 3tprevehythenablcapgitor C10 from

controller U 10 to Dbegin switching in order to _raise the output voltage
| evel of ci3ischagiapHreegh aberpaangrted cirpeiysd hedus capratios GlRde ke aspossmese of

e oy | BGBISOlebay) BIAA phecrgh dotle Bel sk e gk
current i s Pageorol circuits of the electronic control system.
20 The efficient power converter operates as follows using the well known buck
converter topology. The efficient power converter includes the following principal
components U10, L10, C13, and a regulation circuit including principal components Ul 1,
Z10, and R12. When the voltage across capacitor C13 is below the voltage threshold
determined by the series combination of zener Z10 and the LED diode drop of optocoupler
25  Ull, cumrent will not flow through those components, thus the opto-coupled transistor of
optocoupler Ul1 will be off. When the transistor is off, no current can flow from the enable
pin 4 of controller U10 (such as, for example, a TNY253 IC manufactured by Power
Integrations, Inc. San Jose, California) to its source pin 2,3, thereby enabling controlier U10 to
begin switching in order to raise the output voltage level of C13. The controller U10 will then

30  turn on its internal MOSFET, thereby allowing current to flow from the drain to the source,

through the inductor L10 and into the output capacitor C13. The rate of rise of this current is
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limted by the inductance of inductor L10. Wen the current in the internal
MOSFET reaches the internally set threshold of controller ULO, the internal
MOSFET is turned off. The current wll continue to flow around the | oop
defined by inductor L 10, capacitor C 13, and diode DI | until the current
in the inductor reaches zero. This switching cycle is repeated at a maxi m um
5 rate of 44ikhizd bg tisehdbytacendfriaiha@sr VL0, OWhantlhd curfegit wolhkage ¢ MSSFET reaches

capacitor C 13 exceeds the voltage threshold determ ned by the series
conbi nat i on the intewmelly zetithregheldieonipler bH: tef wemafMOSEEdos praed off1 1L heviyeient

this voltage,t hold ks.e 1~ CUEren il L begi mto flow~.through
those. componti &g Re e BT RRES i SHERb 8 iuedPr D sPeda P G0t Pay
Ul 1 on. Wheitilthd Gurbdn@ns 1Btiodudtet re8cHRR zefo ETHRS aRitehiRg Byde &f repiibd & 4 Blaxidndf
is thereby connected to the 10 source pin ? and in accordance with the

oper ati oA ofratcort44diilzas s9t by conirpierti Hy unsl thervieltage exfoss sapaitarénial dxgeedsibe

enable pin 4 n_he ys to sel ect runni ng.or...non-runni f he )
power suppl v OiaRr SeHRTE ar PR BY St oPPuRleuPRar BRI AR SRe BRE BBuprro
supply to selfefh@bupld MBS . WhenhBisAe]abd vl Bl exbadded Cieleat will BEGn SWTbGh
mode power supplies generate electrical noise, it is advantageous to
constrain t Herojgbrthesesongfoneris, ihowdy tampa e vpta-¢oupded dnansisteraopi®onples 8711 on.

sensitive cigyguitss are.not. operatjng. .kn prior elegtrgnic control syst

whi oh i not udungn BB BeRe g rgRTbfhS P ol 40 ofi-BRRERR) SRRk Copfected Bine
convertgp, tRArdONRR, SMPRI dtcbila6 AR REobRatitirady mErbRet Udh,'seaichind ik @Pnanated.
| ow i npedance source such as an AC |line voltage. In the apparatus of an

enbodi ment otddikienaljhemenabie pinHecapdivatsed tpilsat agunning PRFORIIHINGRE Modq 9é Hisy
i t chi t d . 20, t _ ich i call
have o high RNpaaane THEpE GhEEhagr s SRl haBpd B HTE BpPRY alofls Flidsse

circuit 120 ianés afntheVar ligekbRide hadf Qlchst $iate ivitcimmbdd BOweiaipplikd Lerneens elcaftital
react to an over voltage across or an over current condition through a
cont r ol | abl yhdisn s edvatagepps o sonsupindhe ppsratioobiharpBrr syppivin imephben ether

t he el e(‘itSr O’ﬂo‘}secé%ﬂ%irti% X&ﬁ@ﬁ%ﬁﬁ?%& aRge. 25 Circuit details of an
voltag I'rc

exenpl ary over ecprot ection 't 120 and an exenplary over current
protection circuiln pdét edectromivosumtioh s¥stgns ehich indudsh aotvapsupaly efilétiegadigh

vol tage VREF, for the caonparators U110: A, Ul10;B is derived fromthe 8V
MOSFET dr i velTSaRicney SRUitchifg Gorgyerier e BRWFRRIPP MicPRiRsigddsidety cumpntihrecyly froy e

Gosi rabl ot oo aniEe s SRR ANE: S ATTRUAE. b PREbA A ol snshpolimiy ofre
to al | ow t heinuasiof the ivear puiplgcutilitng z gy frapiehdieswitdhing ooe/evtet, tdaagyes twrent
whi ch t E% detineocutgihqcﬂe oaa ewhglch may typically have a high impedance.

It is desirable to provide an over voltage protection circuit 120 and an over current
protection circuit 130 that will sense and react to an over voltage across or an over current
condition through a controllably conductive device in an electronic control system to protect
the electronic control system from damage.

25 Circuit details of an exemplary over voltage protection circuit 120 and an exemplary
over current protection circuit 130 are shown in Figure 4. At startup, a reference voltage Vrer
for the comparators U110:A, U110:B is derived from the 8V MOSFET drive rail, Vc, through
the current limiting resistor R114, voltage regulating zener Z111, and a noise decoupling

capacitor C111. It is desirable to power the comparators in IC U110 with 8V as opposed to

L]
o

5V to allow the use of a sharp-knee 5.6V zener as the reference voltage to which the detection
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circuits are conpared. A well regulated voltage reference tightens the

tol eranci ng wi ndow on the detection circuits. Figure 7 contains a
sinplified block diagram of an exenplary output circuit. Crcuit detail.s of
an exenplary output circuit 160 are shown in Figure 5. It is well known that
the 5 rate of transition between the states of conduction for a MOSFET can

be control | ettchiys aisebagiaal A el epeldrdoalage tdfereded tighteny thuitdlerahbi@chiigaet on
t he i npedance the slower .the transition rate. The output transi stors Q 10
and Q 102 arke ¢RIPCHAN §IF#Sgh hi gh i npedance path 165, during nor mal

operat i on, and t hgualy Lo, RSAANGE. FALN. 102 LFLEMY & Mot DAl Cireui

condition. The mcFrop ance

165 and t he d¢filpodteektaplaey batput slrLlﬁtOléolaneshJ\hmrpF&ﬁJ@e:Sl 0fis Gielldotve tll;aﬂ,he
130 are al so connected to the [ow inpedance path 162. Wen the protection

ci rcui t s° 12@ate pEtransitien betwacadhe stateh of ronduchpe é@rrﬂ;MO %Fa% caypbhe ¢@tHDéll€ﬁ\bdt ed.

The | ow i npedance .act.ive LS, det

ot t pat h S ER e B8 Hestise e R RS0, R hBno R hplitP i B8 e sl

165. I'n nor m@hsi@egratk! The ol t*&'aﬂﬂsﬂo[@@qj@ipﬁrﬁi 020D aflfriven t}iﬁﬁl@h h_fck}ﬁm edance ath
transi stors 8610 1 and 15 02 are turned on through resi stors RL0O3 and

04, and ar c 166r disthmidrmah ppergtion,esidshrongiRiovd inpaiani e pathdOrdFigype f xduring a fault
transi stor con ided b m Cro SS0 ort and
oo D1 e COMGESR. The PURHERS AT, 1oM3: B4sle8RA 26 B0 ARhdee PR 6 nd g

Q 102, @t e phxteyeord &r@ﬁﬁﬂswqo mmmhéﬁ@f&aanbﬁmwmoom@ mrmoswﬁae@ea@@tﬂeaow
(shown in F| gure 5), t her eby t urni ng on transistor QI O00A, which applies

8V to the gamesdaummmﬁ?s ¢ the proteghion qutg@ 205 b3 Hetactasianki tedew dmpedynce

b an, Gt e BRIV CoAgn et TRUSh ke iy o ey pe P Bl sty

t hus openi nghelfgule ﬁth&ﬂ&arrmﬂatshhé ﬁ@m@)daﬂ@rsmﬂe@by tﬁ@hﬁgﬁﬁmp&mﬂbe paf fest he
MOSFETs Q101 and 02, Gate Drive is |l ed | ow, thereby turr transistor
off Q1 00:B, thdigisymelepmrafiprotie mghﬁ@p%qa@iw ppth 169 A %ﬁslemlﬁga@ﬁétow@i%@nd

path T19m 35 b BYnEALh 1hfub IR ARG R 196 MPRIBS QAL g RO ko5 ©

Drive C0an driven ning on transisto
di schar gi ng Rilg. gairtise mffrlﬂW)SﬁEIﬁon]t%sm’amdo@rdlﬂﬁptdmcﬂmtﬂfy triemi@spstessoRpdifd.
The MOSFETs QlOl and

red-ace RE @ BanEse (ﬁﬁ’tF %’gllvﬁgiéig\églg@%g{ éﬁgh ; h%tﬁ%%& ]Upg%?ggg @Qﬁﬁgm RAg!
g/ﬁﬁ'lt:E;rﬁe% é%nv\n% (glg}?é E%@: ]%@9 % f5eendfi b, EfﬂelEW ﬁﬁ’ﬂﬁig%%dn@i@‘tdr W‘Eﬁwgﬁf i Fl@ure
5), thereby turning on transistor Q100:A, which applies 8V to the gates of MOSFETs Q101
20 and Q102 through a resistance set by the series combination of resistors R103 and R104.
When Gate Drive is high, Gate Drive Complement is low thereby turning off transistor
Q123:B, thus opening the current path from 8V to circuit common.
To turn off the MOSFETs Q101 and Q102, Gate Drive is pulled low, thereby turr
transistor off Q100:B, thereby turning off transistor Q100:A, opening the current path ﬁ'OITl
25  the 8V rail to the gates of MOSFETs Q101 and Q102 gates. Gate Drive Complement is
driven high, turning on transistor Q123:B, thereby discharging the gates of MOSFETs Q101
and Q102 through the resistor R104.

The MOSFETs Q101 and Q102 get driven through the high impedance path to reduce

T
>

RFTI emissions during normal operation. During a fault condition, the MOSFETs Q101 and

tad
o

Q102 are driven through the low impedance path to shut them down quickly.
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Page 10 During normal operation, the voltage on the inverting input term nal
of conparator Ul10: A (the Over voltage protection circuit (OVP) conparator)
is less than the reference voltage of 5.6V so the output of this conparator
UIl.10: A is high inpedance. This high inpedance will keep the transistor
QL11: A of f and the MOSFETs Ql01 and Ql02 are 5 -unaffected. The

m croprocessor pdpurifiy/RomREdEpefashophe ivoltddeguy the G veirsng oyputeemerse of tdigparator
MOSFETs (;)10i/T d %?2 are g;f, t hereby turni r{gpoff transistor Q 11:B and
enabling th ﬁg)ef" cdPVErAQdngs BIRATGtpn caRit (ENEsnaaraipy agtesohaprike 1efsents ng
term nal of ; ) t ' ' it (OCP)
conpar at or) @gggggéggt% Ha#]tglggﬁg\% %g&tls%)% oa(r%&%ﬁ??]?/%; %ilﬁ%ﬁ {ngﬁ%g'%ﬁ% 'ui;i?)lst !

out put of tlinhl?edmmawiatmép WeliPaBister (i ghAiofpadibihe ¢1@BHETHE 1 OMBREND2QLO1 and
QL02 are unaffected. Diodes DN111:1 and DN120:1 provide isolation between

t he MOSFETs uenfectadd Ty opconepceser prot R iaSkT (v ip Higare 6) splovpahergyeathe

Q02 11 ses SOREETs P MR e ole iP5 RE PASRb R YT BB B e

comon node.dedztdfhen this node's voltage, which is also connected to
conmparator U 10: A s inverting _ termnal, exceeds the reference vol tag?e
VFEF, the output -‘dfditinealieilraiciarerceypltage an (e inverung tenrapgl of kewepiatardy hi hg

on transi st : A__thereby applyi ive vol t.a t t es,,of

VesrETs aro s aet o Rt g ek BAREL et BebRY s Pk e B 508 hotne | o
i npedange pahferethd eitid1@o MSRRps: &2 1A komipdra@drI02] §:B it Uigh iffpeddncd shasher

rate than duri %& 20 the nornal node of g&)erati on. Because voltage transients

can be on t MOSHEds QF0lsanddR 2 aeppatiagier. vBiadss DIV 1i ht DHGRP dgrrovidetispdatonp
conparator i i 1. d! 0 bout 8.6V.
Thg*pO\/P Ci rg%lt‘té@é’f%é!gbg?gggb5%8§g$g§§@¢&toﬁégapgﬁﬁ%g ngotli%(% i g cl ear,
by virtue of theDiregmackeraatiaga falt cinddieonDid the YoRageTdursssftre MDSREReEDH6 1 tahé

et LTIl tolisng 22 0 SRR AL G A AR, i el enee
Furni g 01 anar et o B e R St g o L T (1 8 o
t he ref er eneceninel, eagedVRERefartrerooliagh Viirnthetduepudw phe copfipariter Ta ipa atldpull
UL10: A to hilg&g tgrgbmggﬁz?g cen'l transistor Q111:A, thereby applying drive voltage to the gates of
MOSFETs Q101 and Q102 via a low impedance path set by resistor R129. The low
impedance path allows the MOSFETs Q101 and Q102 to turn on at a faster rate than during
20  the normal mode of operation. Because voltage transients can be on the order of several
thousand volts, the input voltage to the OVP comparator is safely clamped by diode DN110:1
t0 a maximum of about 8.6V.
The OVP circuit 120 is latched on, even after the fault condition is clear, by virtue of
the feedback action of diode DN111:2. This feedback keeps the inverting terminal voltage of
25  the comparator U110:A above the refefence. voltage Vrer, thereby keeping transistor QL11:A
on.
The OVP latch is cleared by briefly driving the microprocessor port OVP_RESET
high, thereby turning transistor Q111:B on and driving pin 2 of comparator U110:A below the
reference voltage Vygr, thereby driving the output of the comparator U110:A to high

30 impedance.

Page 11



Page 11 In order to prevent an oscillatory condition fromoccurring between
over voltage protection and over current protection when one protection
circuit trips, the other protection circuit is |ocked out. Wen over

vol tage protection circuit 120 activates, over current protection circuit
130 is disabled via diode DN120. The anode of DN12O0 will be at 5

approxi nately 7. 4 osi@notprevan en ovélladgecaidti@c rbANodufnd beth26h bSer voltage
activated, and this will hold the non-inverting term nal of the over

current protEeieribm exhpar sipenUpratecBon visn ogp diefRctiisoviecu tisipe.che pie protection
vol t age VREEF; 20, 1 f r rotection circuit 130 tries to pull
the non-i nvé:'FrtC ?ﬁgs ]togi;“%i ngtl G‘?(lg\l;i'vl.l %%ri\go'?lléagg %C{tigc\ileolnflr(ﬁ;l?lgzalmléeas‘:w fie> Vet “HHY ent
protection pgerpastiatuilli0 bQisabRd if dREIDG1I 20 DNEEndsder dfaT 1 P@ULT be at
condition, as the current through the MOSFETs increases, the voltage across

resi st or 381@@p(dxmatghpitt Vewhemile avgoyoliagesaicedon pscuih &2y sl actyeicapmdohished]
0.6V, either nsi st.or 2Q0: A .or 0:Bwll begin.to turn on 2pdi.ng on
Che di rect i oY BEPPRHE FIBR e AHER, CHRC BhrrgPeERE rn SPUPEis o) 1 Baiet 0! 5
will pull tRhgoneMabdeans tdtrent@i ol v ok, dhae iE0BRALAE @ eddprd@etrdayihilrlomes
the reference vol tage VREF, thereby swtching 15 the conparator's output

| ow. This | devpolittpemomginivekting teomimal bfvf. This cRiosirely dQables drdoveptonentprotegtion
di ode DN120:1 and re@?i @Igr R128. Noise filtering is provided by resistors
R124 and RESTPAHY E tors C 120, C 121, and C 1221. The over current

protectijgn circuipyd@Dah svérheRat M cof¥RRnadd e chitnd t%kﬂL%hQEé‘@[@SM@ﬁﬁzreases,
cleared, by virtue of the feedback action of di ode DN120: 2. This feedback

keeps the ndhe 20itagewerass mepister Ril AAlinshutnth eirewipedainoreasss] ¢y sBhb&pHegs approaches
reference v ge..VREF, .t he . keeping, t out put | ow.;. The,.over _.CUr.r ent
brotect s on cHyEerine opatdr iatie EERRER Vo B bara Af asB it B o iiiPig
on transi st @urehe@sd (The teH RUST Bk hi&Hibtod6Q] 20: WA OtE @Al {Hull iBe néiinverting
transistor QL ?3: A, thereby driving the non-inverting term nal of the

conpar at or Wrmting afghe gympamatas| &b B dovmedelaw e refgenyeeypliaie Vouethergby switching
gty rcuit 130, acti o . . ot
prot ec '6?2 d%é ggr'ap%}éfgn ﬁaﬁ%&%&%ﬁz ’ hg%r%vxpgftr Bt;’cﬁ%éﬁ??ur%rs QbEGE W@SF@T%%'GI ;

0
is disa vi a € ou hé OVeér curren t'écti on

conpar at or Q) ROthBnghekod«oDNICDE divesitiond 128r Mo filedririghie pemeded/bf taseors R124
protection conmparator_ Ul 10: A is pul Led t.o, appr oxi mately 0.8V, thereby
preventing tRe Fehidr andbearagorsiobdetiidh andiG i t from activating. 30 The

vol tage conparat ofjg, ddieh Qﬁﬁewo{&&gﬁ BrlliPYAFR diffila 51?,3&;3}1 QReSPEGEIRB hdition has
cleared, by virtue of the feedback action of diode DN120:2. This feedback keeps the non-

20  inverting terminal of the comparator U110:B below the reference voltage Vygg, thereby
keeping the output low. The over current protection circuit is reset when Gate Drive
Complement goes high, turning on transistor Q123:B (in output circuit 160), which then turns
on transistor Q123:A, thereby driving the non-inverting terminal of the comparator Ul1C  to
8V and clearing the latch.

25 When the over current protection circuit 130 activates, the over voltage protection
circuit 120 is disabled via diode DN110. When the output of the over current protection
comparator U110:B goes low, the inverting terminal of the over voltage protection comparator
U110:A is pulled to approximately 0.8V, thereby preventing the over voltage protection

circuit from activating.

30 The voltage comparators Ul10:A and U110:B provide fast reaction speed and

accuracy and work well across a wide temperature range. Each comparator has a specified
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accuracy and work well across a w de tenperature range. Each conparator has
a specified Page 12 typical response tinme of about 1.5 ~tscc with about a 5
nV overdrive. The input offset voltage has a specified typical val ue of
about 2.0 nV at 25" C. The input to output response time of the conparators
with inputs driven to the rails is about 90 nanosec. In the over current
protection ciypoal tesp@ike tirheof abweit fi Somet Ivathi abput a YREV cveokrbienhetiopdtheéfset voltage
MOSFET' s 90% of f point 5 was neasured to be about 3 ).5 ~tsec. In the over

vol tage pr otkasta siecHieddypicaliadue ¢habopt 38 mY ¢heS Yhe Thd puput Wl‘fﬁlﬂd%icmge tlt)letdfe
MOSFET' s 90%

sinplified b gcﬁ B nt?lgr ltlglf%pll% £qleﬁg?§efa§e1ﬁoab8}l %()sll%iéotsg%t%rq}lifgel GFHé”l![ zero

cross detect Iﬁ’fotel:ﬂign CaBRi 1 $@3hathet fr@a Rt @S deiregi tokhe MOSFEDPTG0R4 88 gﬁunt
hot zero cro s s detection signal and. a neutral zero cross detector

t hat provi dewaameesiredio beahwut B dssset O lndtheaoer mit@egmaﬂecmmémawel?rﬁbthertahe from

termnal is connected to a neutral w.re. Thoe mcroTtprocessor 190 monitors
the output ofhedfgrdeweeiasFasiq the MGIPFEISs 99% o pript Way mearwed fodaesabost 28tHseh

signal is sensed Pc)(u‘é Bes Ik ﬂfeﬁqﬁ’&ﬁco 1a%8{%hofa§%é)ém%ﬂl DR 08“895 fﬁe@@&? l\r}z)t. e"lahe

connection Is at I“Ee WII'ECI’]I’]ECtIOI’l an I’EEWI e 1S actl

i n which thezatedidsaldereron 1¢0 esmpﬂeés@cmot%m @o@n@éted‘tmomzt thet mesideab hdet@olcasss
115 is used for timng. O herw it is determined that the 15 connection
'S a two vi reIESiNRCIRI AR AGENHY Zt%m@ﬁ deterierel § Sthakprioyilead nentrahrcehenore hot

ZEro Croys dc%t?&f()'nosnglﬂl 1Rh thd QL ?er{ﬁ?r&aégse SABEAEd %c}% n%l?t g?]fﬂ'ie IEI?}C”}J&%FFSI,]SOI

Regardi ng the Zero crossing detector an exanp

ftirther det% ﬂnonﬂoﬁlﬂwbﬁtpﬁt ofgiﬁBdB’@tiowl Iﬁaﬂdhbl‘%dlf aZﬁﬂﬁaI(HcﬁS srodetigedticmsignal
signal, which is used in the two wre i.s acconplished via the hot
zero cross déteREeD ylfh?ﬂmoewq%wééﬁﬁe%ﬁéiﬁ%w%ﬁhaf Be SOMMETIABLS ? BFFR WA and

circuit Cog“g&g ﬁg{e&tggg@%%wesmsg% L84 dﬁgd HPwhe Bé%tla?%%%ﬂ%sede%c%l

t hrough th FET Q 102 and 1s contiected term nal
t hrough the shgnt;l febim diee 1m‘ut1MﬁﬁEﬁ‘fonShs uSkd buritimingm@therwdibd, ithadetethed aine the
pot ent i

|_as the, dlrnrred hot termnal the si.tive hal.f t he
AC | i nealxﬁol t‘éclj%‘e%?ilwal WOoRAiF e CORTREHED, AR ﬂ&t&' tYI&F eﬂ%‘é““ﬁ(&fe%ﬁ@r‘ﬁ%( ?Cihﬁwgm‘
t he negati vespad &eté&ffdn%lrgfal g ﬁ@ﬂo& Hé’teb‘t%ﬂﬂﬂ% us%éfﬁq%ﬁgs\hs R63 and R64

di vi de down the voltage between hot and circuit commion en this divided
down vol t age r eacRegardbguhe Gee\srossignddtettan ] 1Q68n Axample afavhclois, shbhfaﬁetﬁgathex

Fiiguro6) . 108k PLBIA brbre TR U R GRP eeeePetioh il Ao Fahed i e oo
t her eby acquivi@nddieiZREOmplidss Wid M Kbt zero cross detector 112 which is connected between
20 the hot terminal and circuit common. Circuit common is connected to the dimmed hot
terminal through the body diode of MOSFET Q102 and is connected to the hot terminal
through the body diode of MOSFET Q101. Circuit common will have the same potential as
the dimmed hot terminal during the positive half cycle of the AC line voltage and will have
the same potential as the hot terminal during the negative half cycle of the AC line voltage.
25  Resistors R63 and R64 divide down the voltage between hot and circuit common. When this
divided down voltage reaches about 0.6V, transistor Q60:A will turn on, thereby pulling the
normally logic high microprocessor port, HOT ZC (shown in Figure 6), to circuit common.
The microprocessor senses this transition and thereby acquires the zero cross timing
information. In detector 112, capacitor C61 is a noise decoupling capacitor.
30 When the neutral terminal of the electronic control system is connected to the neutral

wire, it is desirable to acquire zero cross timing information from the neutral zero cross
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information. In detector 112, capacitor C61 is a noise decoupling capacitor.
30 When the neutral termnal of the electronic control systemis connected
to the neutral wre, it is desirable to acquire zero cross timng
information fi-omthe neutral zero cross Pacye 13 detector which is
connected between the neutral termnal and hot termnal. Acquiring zero
cross ti m ngeienfoyrvach oncamecthd Setveean dre neitiahtemanmdand hof tethmat oAngdtiad zkead
and is not subject to.varjations in the |qad i ch. can cause zero crossing
tinme shifts SERatEnsdropmaion Hethisgamer g n Ftc‘)fdﬁe eapetediload phigaiot | n
addi ti on, 2640 o6 B8rhibe Htht ARG CaCAE EEY BoBYENMSH ABERL AL AN
control systemis applying full l'ine power to the Poad". en fut power I's
bei ng del i veasa of mdghetit ondap200]vetlbmishdh addition czens srade iigfotmatichl2ndeesqoetd

pr oduce si gnal because the hot termnal and t di med hot termpal are
bt subst ant FHER R NS HREITOG COMEG AN SIS BPRIXIT grigﬁém@%%éq Histlpag| Wﬁa%ull

vol tage bet ;ﬁfgrﬁféiisgfm@cpaeﬁ\?e%a ﬂ)aijhe?tlgh(a Rl ot ZGREIRR- detl i 2%&%& thl pr%?é(?eoa

cross detec creates transifions in the sane nmanner as t

cross det eckipnalBetahsd theli®t cuingni] asd greadisinegdehdd aarnsiadlede tiosubbaniNdUTthéGame

m croprocessor port. The neutral zero cross detector 115 enploys two di odes
that the hotoratial arbdys dharets substantialyere yRitage debwenthe hphtgiepakanddrqiis e
emtter jun%}ﬂ'1 [I'onOf transi stor 0:B fromexceeding its rated reverse

vol tage by brocking current flow when circuit common is at the same 15

potenti ah as the Teindueahkdialcroslidiediopdes DichidaltRekBions i @Btsaink ovvinepH’ thaehot
hot termnal, which, would undesirably trigger the neutral zero cross

det ect or 113eioncrpsiedsgiendor | 1Aebpidhe optpu Ségnalﬁ%rﬁ coppeetaiorihy SRY B 172G Apictopnocesie

non- conduct i, \e. i - fi. M Cr
Coon oea  MebE: THReREl ABESRERHRcb? 215 R AN HURE i IhEIARS 800k
det ect or deddRidoesnath diele@ &V priestoihe baserasistet junictign bhifrengizdd Q60:-&sfro20xeedding
as neutral wire aonnecti (in i nf q{%ﬁti on to ] Cr opr Qcessor. ., arate

t

he A's
neutral wir &' TRGARSEETOH S SetbrceufH  BE IEPoV IR BT CHrRen %&ﬁgﬁ%’ﬂ? rom
the zergscr gﬁ&nﬁgf £Chehotgstildret e s TBR RS bimed FHPEbhoRe Bbt for

! WG hich
W re connection detector 1s to indicate the presence of a neutral wre

connect i on. wkhéd neddsirablywriggercthn mectdl aardapscdoectonht Spmahie desitivehalf npdle,omhdn

the m croproce [ the two wire or, three wire s shoul d_be
25 used. o far Mgt o TALaR o Baer et Tt BiESrLefig el uthe tulioRe
as nechani ¢l mid@hRfide8dos, such 24RINBoR1AREOESHICEH S SBRS Ofs HEWBGE Fidhg6Pr esence
of a neutral wire and provides information to the m croprocessor as to the

state of the neutlhglzewp exose detgetor densribed apgugairovides zero cross timing information as

20  well as neutral wire connection information to the microprocessor. A separate neutral wire
connection detector could Be provided which is separate from the zero cross detector
described above. The primary function of a neutral wire connection detector is to indicate the
presence of a neutral wire connection. The neutral wire connection detector can provide
information to the microprocessor as to which of the two wire or three wire modes should be

25  used. Other types of neutral wire connection detectors may be used, such as mechanical
detectors, in which a mechanical sensor detects the presence of a neutral wire and provides
information to the microprocessor as to the state of the neutral wire connection. A manual
switch, or set of switches, such as a DIP switch could also be used to manually indicate the
presence of a neutral wire connection.

30 Figure 9 is a simplified schematic diagram of an exemplary steering circuit that

charges the bus capacitor C10 through the neutral terminal when a neutral wire is connected
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switch, or set, of switches, such as a DIP switch could al so be used to
manual |y indicate the presence of a neutral wire connection. 30 Figure 9 is
a sinplified schemati c di agram of an exenplary steering circuit that

charges the bus capacitor- C 10 through the neutral term nal when a neutral
wire is connected Page 14 (e. g., inthre c wire node ). Capacitor C 10 can
be charged {(dg.ouighhretbtiigahedpat Ospaciten0l0 ben bdobarked irm@dh maRi¢ phihs, efrdth A |
or diinined hot termnal. The capacitor ClOis charged fromthe hot

ternminal t hPetigrmmabdsupl teppughor dpamgd betgrmingl nd kasapapiterghl i Gaeasdgmm the
61, and thr l.=ad . Her Nl i o i caly.nr
2t o w PePerabRrafbaRtaRe: CoPORARL oBERBrind) BRGR dlodcd bV B Bla Bl
| oad by makilegdibimeeClasitiehihalhsoughrihdetlbve devi ces conductive for a siugle
sel ected portion of each AC line voltage half cycle. Prior to the tine of

an expecled zero EYmedipigr ot tvRavincelpetEenic gontrelgystems cenirel the pswendeli eeged tva
opens a det ect.i,Q i..nd Y 0 j ) W] the.zero
Crossing sigﬁgﬂnﬁgﬁ&ggg@%éﬁﬁﬁfﬁgkgﬁggFﬁgﬁfkgﬁgﬁ??d#gﬁﬁé‘g&¥$§§@;%%ﬁ?gﬁF§gﬁlof
to the 10 AgH AgdincoldiagehaidydiBusribhe e naucsi Onex@bcthee®ibsatd @iy AC line
conductive device is synchronized to the received zero crossing signal. For
an el ect roniveliegsa ety ys enableshiBrianchg aidgtection Windowriiecevppgerperosotignal.

t echni que rks - i IS _.nri iy lesistive..

thi st eohni i e Beins e ErLa FshiTBe B0 R sl P s PR ich s Th s B
ari ses fue QAT lihevelodm!ad thaplit conhedanof tiaf cobbrollibly ebadidtiani devicew walchagezed
transfornmer. Typical electronic | ow voltage transforners operate by
choppi ng t héo thelIreeieedasp cegsios signgki r input terminals at a high frequency
and stepping down. agh: i r.
The cireaitry tof SpelpERBRRILANG! HRE botaa it e HoBd B L LTk
nodes depenaioiis wtll wize thauat ivptdage id prihhgly resistitd. OWhen thistshigue 6 used Wign
the input voltage is low, typically._ |ess hggn_about 6Q volts, the 20 chopper
circuit is REEUPRHSIPWyoHAe ﬁ&]@“}%ﬂﬁa‘is 4 PivB A adsesrdue e ther conyler it jmpsaapge of
hi gh and:th ' . i I . [ _ I
vai'te of t ne e B e e e P I ST ML DR S SREhe
Wien t he |i e cliobpiagehe edtipe spplibaith thdr input ermiteds atadp ple frequerstyi and egpiping

runni ng and the jnput inpedance essentially drops tp the jnpedance
br osented bOPREDT BHeRREN ST PER G G DiRA et GHal TP EEe FEC BaF FoReHEh
the chopper s cl%ﬂjﬂgxg%a&wﬁrﬂﬁ%gﬂes inldiereRPRbdSPRFLhERE ohihs pr@llgpél‘t%er R

charging via any 'l age path through the elecCtronic control system Since
t he | eakage ekairpeinttsinaioemear Waish ¢heaimgutredtage enlomu ttynigally less than about 60 volts, the

20  chopper circuit is not running and the input impedance of the transfornzer is very high and the

input capacitor of the electronic transformer holds the actual value of the voltage on the
transformer when the chopping action ceases. When the line voltage reaches about 60 volts,
the chopper circuit begins running and the input impedance essentially drops to the impedance
presented by the connected lamp load. Additionally, during the period when the chopper is

25  not running, the input capacitor is susceptible to charging via any leakage path through the
electronic control system. Since the leakage currents are variable and based on multiple
parameters, the charging of the input capacitor of the electronic transformer is highly variable.
This results in a variable voltage being present on the input capacitor of the electronic low
voltage transformer at the start of an AC line voltage half cycle, effectively causing a variance

30  in the initial conditions for the operation of the electronic low voltage transformer on a half

cycle to half cycle basis. This vanation interacts with the zero crossing detection circuitry of
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paranmeters, the charging of the input capacitor of the electronic
transfornmer is highly variable. This results in a variable voltage being
present on the input capacitor of the electronic low voltage transfornmer at
the start of an AC line voltage half cycle, effectively causing a variance
30 in the initial conditions for the operation of the electronic | ow voltage

transformer ofpaaheld wiylag: teniRAlefecaysiceohas] Systehhissicly af 1hat bOA bRl 8&ttfoller,
with the zero crossing detection circuitry of Page 15 a typical two wire

phase cont r ¢ aslleetyssriindnsidbd itnin be gewrgrossinthsigralt Haus iostability ghthierrgro crossing

controller, .so,as to cause Jinstability in the ro crossi,ng signal .. This
st abi |1ty SR Aosee g RslEii 1 Pseapcioniahotrn of MetonHERaMY Py etdaices
conduct i on’ tinaRne 2 Bi&keE oMt h Ml ohne@Baush) Waddevi ces  and thus a flicker
effect in the connected lanp load. 5 In order to stabilize the zero

crossi ngSsi gnal awairfiebioestihlizesibe zajoraossigesifual axailaled grtwowire noade foohn
systemoperating an el ectronic |ow voltage transforper, it.is necessary to
St abi 1] 26t RACGAPE SPGB RUPE A8 SHoR KON BEE HAAUPEBE s PR stary o
el ectroni c |eminal §a Iilt‘i’ittiﬁg ga@ag%fcgﬁmen REae ihP@t ZPhG P Q8ctRinidbvdGolihdle

vol tage hal f cycle. been found that this can be acconplished by
al | owi ng a vemgfoomieehegrahé petoatossomphiani 40 line vottege halfaycle.hB hizs ireernfound thatghis

Zero crossin f the AC.li.ne | tage half.cycl.e. I.n ope .enbodi nent, the,
Gontr ol | abl yn S AHaRPIdaY: SBRS £ HEerihArEA of EofeyPD & Sr el te fime of
control ljgd ttﬁcle b&oGoRdMES dvBe T lifle 981&%%‘191!}“ cyefe. AR £BRIThEHOBRCIAAS M1y

th-ne about mll1second before an 1 né voltage zero crossing. This
brief periocoafluctordiesidedn tishelactrdrac AGhtialsesteml it agetroliedverbe doodudtivedbs aldutaion

val ue effectivel sets the | nput.capacitor.of the,electronic | ow voltage
{ranst or t 11 &if BN LSRLSRRPERUn & ¢ Pt GRUTHSF GRS kTS Feot re SIS os
the zero crossisig. S{rﬂg;ﬁhefgelqiod S doRBRitRAvh&h the eC 8he GhIiaRY 18 veBNIdWPIn MESheM

Figure 10.is a sinplified ock diagram of all exenplary Tircui't used for
el i mi nat i ng valteeeffastivalyiteaty thefinplieapaniter of Sesilegjrasiigylony vélirggdrostiameetom t h

the present inventjon.along.wth, exenplary.tinmng diagrans.. 2 ar. two. wr.e
oper nti o ek T sPaTaphed SRERFe SRRt SR siefidghdis 1R
control | ed tpe BRcEOMEWBhIrYEsys@m.2 predetermined length of tine at a

predeterm ned point in time of each ACline voltage half cycle, prior to a

time when the ni cFépred@dsasinapiies bodediagrast ofsyi ey iicsit vikhduwlinpppting
e 4 SREUR b PR AP T PR A ST
200 (such asxamplretinfiagidiagrawsvol tage transformer shown in circuit

20 For two wire operation, the transistors Q101 and Q102 of output circuit 160 are
controlled to be conductive for a predetermined length of time at a predetermined point in
time of each AC line voltage half cycle, prior to a time when the micropyocessor opens a zero
crossing detection window. For three wire operation, the transistors Q101 and Q102
preferably remain conductive through the time of AC line voltage zero crossing.

25 The load 200 (such as an electronic low voltage transformer shown in circuit
schematic form in Figure 11) is connected to the electronic control system 100. The load 200
comprises capacitors C1, C2 that get charged, and the voltage on these capacitors affects the
operation of the electronic low voltage transformer operation and the zero crossing signal
received by the electronic control system 100. In two wire mode, the zero crossing of the AC

30  line voltage is detected by measuring the voltage drop across the dimmer (Vpnmer) from the

hot terminal to the dimmed hot terminal. However, when the MOSFETs Q101, Q102 are non
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schematic formin Figure 11) is connected to the electronic control system
100. The | oad 200 conprises capacitors CIl, C2 that get charged, and the
vol tage on these capacitors affects the operation of the electronic | ow

vol tage transformer operation and the zero crossing signal received by the
el ectronic control system 100. In two wire node, the zero crossing of the AC
30 |ine vol tcagdudtsedstchet ehiring theﬁmammdhﬂg&nv@Ctlh@e/oﬁag@zao rcoEsitehthe voltags
VDIMF-R) fromthe ot t er m nal L Eigg\,ﬁd{ nuned term na I-Pwever when
t he MOSISETS 4€5p881 e SISt & GIUAbIY | 1%*/%164%&{ TLNELIIRYEIHE X8 t%afrqhﬁe etves

time precedi n G BE 10 Bﬁ’gﬁ I
t he dirnner ?glogguﬂ?l@ (lvlbo ) A%gﬁgs%noéfq(\g/a?ﬁaféaglg% IQIE Eﬂln%s eth\gol ?%%@
across the abtsid &@@e(t&/im#@am@&@alus)eem&oliage dk&gﬁumdrhy&hé disbindghlohd 200, Tlns

di nu-ner. the capacitor C2 is _able to charge toward sone break-aqver voltage
deter mi néd ISpuesdheifimmenvalisge Moaavzoo betnrsr thap i wedd bR otlarmes We@a@@yahe

VDI MER to Cﬁ%ﬂd ngmr%o: L%g]) Hﬁaﬁw hd cgﬁ§1§{ERtef'r(¥ﬂl%%e z%dﬁﬁﬁﬁfob&éf%uetoh%ndfg% il Ew

vol tage VL y sistent fromone Zero crossih éctiron wn

to the ne->dext ttllimelﬁgbyammgsthaguhﬂﬁr d@ltﬁ@%j{ghﬁ;@@ebe\dﬁbw&%ﬂt@rmohﬂzﬂﬂsdrﬁisﬁﬁ‘t
ftomone zero cr. tD ossing detection windowto the next. This problem can
mani f est i t SEIEHED WiBER% t%@leuwaéswg@} eblem gap manfeglatiell te 8pwe paPpYesapbledight

ends when t L3 T fAs¥eviously discussed, to
elimnate tﬁﬁgl {T%Bieemﬁ% QH}%WendstVhéﬁé@ z&ﬁ;ﬁm trarﬁlgl stors Q10 1 and Q 102

are contipol | ed tdl“}lmdofmdu@tawmswﬂﬁc@aéce t@iehmmdue g prioblenain twedt eficdendd
time period (e. %Le erably at | east bout and npre preferably

c& ~Lsec
about 2150 t{@@sgms Qéeydéii@iztaﬁ%ﬁowl.lﬁ &0 Pegordpciye Rl @aisiibrinigher ar e

the start of i

L and @ 109 Pardfella dikGeriGhRED BbHbECKNAR: PALUD WISE obhd AR BHALAL) bt
to break-overs OttBQOUlu@&)laﬁidttH@l trab128@ bd henLbangkist @éﬁn@é@tah @mhe niekilf2o
are controlled to be non-conductive prior to the start of the zero crossing

detection wirpgtng desdction windowr é%lt@ms@rmiﬂl ang Y 0darpengiodied embe edidigtivoat

be non- ndu tlve t he 2SS or 0 o a

ot oot on i e’ SepitiEt RORREEY AL BaRINS 108 0O IE BplSS: IOTEAS,
the zero cr CQ;eozsmg@ahmo}wdetfcmeamnycmﬁh@memmr&@ assdtng ofl #etid QRssiRD dWebEaW | S
opened about | mllisecond prior to where. the zero _cross signal Ts expect ed

and cl osed visdaw. Afigrithe yaedsiae Qf¢lendd] Whassenallediodemareardpelirethon
for which t qﬁlc%g&:sg& lg()quen%p gtalqg g zgr%r]:%s%kﬂgecgetéc%og%vmdow and begins monitoring

the zero cross detector 110 for the zero cross signal. Preferably, the zero crossing detection
20  window is opened about 1 millisecond prior to where the zero cross signal is expected and
closed about 2 milliseconds after being opened.

The minimum duration for which the MOSFETs Q101, Q102 are controlled to be
conductive for the purpose of eliminating the instability of the zero crossing signal is
determined by the desired effect upon a target set of electronic transformers for use with the

25  electronic control system 100. That is, the MOSFETSs must be on for a sufficient period of
time, at a sufficiently high line voltage level, so that the control circuits in the target set of
electronic transformers break over into conduction, thereby causing the voltage across the
load to be returned to a consistent value from one zero crossing detection window to the next.
The maximum duration for which the MOSFETs Q101, Q102 are controlled to be conductive

30  for the purpose of eliminating the instability of the zero crossing signal is determined by many

factors, such as the effect on visible light output from any lamp driven by the electronic low
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conductive for the purpose of elimnating the instability of the zero
crossing signal is determined by the desired effect upon a target set of
el ectronic transforniers for use with the 25 electronic control system 100.
That is, the MOSFETs nust be on for a sufficient period of tinie, at a
sufficiently high line voltage level, so that the control circuits in the

target set Qbltagliefisfifice, dndan icRIMERI ddheddiaMBEsek I theQAUMIHT O For ERRAFIRY he
causing the voltage across the l|oad to be retuned to a consistent val ue

fi-orn one kger thedd6iShE Issreelowed Winstew meonHectinax the muteeliltdy it thatiowragiiton

f which th FET : 02 |led to b ducti f th
ur pose.of  BEVHUTACIAEE M PREC ot ey egr oo ey SgBotePng sibwar el
determ ned by manyheh@eiptdoes&i#q00aSodiftes fkRetrdeNdSAR] ®ibinghts HEBWE AHM
any lanp driven by the electronic | ow Page 17 voltagé transforner, and

swi t chi ng ametocorsding detertionssimdownviilie dyesrETRiefdEably etbametecrosdieg détoctgmr t he
MOSFETs arc_al l owed to remai.n in. conqucti on, tps e Iigelé/ it is‘Ihaé :
current ey’ V0Ws WG ﬁt?ﬂ_@el%gﬂ W HeieXt CHAGES i‘g@thn&)'f) B%° Hd§ Croneeasd s
above a deskpad 109 6f the HiSTHARRLAGEAROLC 1R VORALS BUIP ot e Tid &1vah@BLARCY

: =3

and det erm nes where the nex Zero. crossi-na detection w ndow w
opened. Prefmbalzhyyon thihe zerocrososignal glesteibed bbove can alstoimnpreve fenaraionaoft i me

prior to the next, exgept ed AC line voltage .zero crossin tha_é i% abgut 10%
of the measECEAORE LB/ SEREORERSE YT aEemRAF PY EJEIRAIIE]ES SHEHR P hgbus

stabilizgti 'gmc@%e LNt ER OmhO SR RbAIB RbnESSS SieREMPRON ShicAlh MO ek tHRIOURY t he
operation o electronic control systemopérating in threé wre node by

el i m nat i ngvbhagestdrstrsico thaameykQiversalyagtectihe centrs! dircaits pheheetlewtananéatrol
control systemthat, flow.through the electronic ]l.ow .voltage.tiansforrrier
Chat ey SdveRER! By HECEB e i et Paarct REAEFERE kB R i
system Additl,QR@dstng sighd)¢Eddrebi Qe tW KR t$RELaIeRaNRE herdterfiing! @elcbaRblably
control systemtJ- zer0 crossing signal is derived fromthe hot term -nal

and the neutemductive deviegs canfiemgontanglibtatsl throughribetmieved thehi(cles: valitge @ami n
i ductive thr. the. t] f the AC ki | t 15 i ng whi l
C e e I DT 86 b Al P A AR ©

stabilizati g@bilikhtisn. for both two and three wire inplenentations,
preferably, the zero crossing reference is reset regardl ess of the |oad.
This provides a dibesepheihdp@mndAbres wiroiunleyentaiers prrderabby thej zgue erossings a

simplified SGDRRRL |sGeblh A FENRHIP TR o3V RlLs b RAV BB s AL Bing

reference. '

20 Figure 12 is a simplified schematic diagram of an exemplary high frequency switching
power supply in paralle]l with controllably conductive devices Q101,Q102. The power supply
150 draws a low current through the high voltage load 200 by using a switching converter to
efficiently convert the high voltage across controllably conductive devices Q101,Q102 tc
low voltage supply voltage. The present embodiment comprises a combination of a switching

25  converter connected in parallel with a pair of high voltage controllably conductive devices.
The MOSFETs Q101,Q102 in Figure 12 represent the high voltage controllably conductive
devices. The gates of these devices Q101,Q102 are driven by control circuitry powered by the
low voltage power supply 150. This combined system, in this case, is controlling one or more
electronic low voltage transformers (load 200).

30 To further describe aspects of the invention, a conventional linear regulator cat ear

power supply used for prior art two wire mode dimmers is typically about 10% efficient at
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power supply in parallel with controllably conductive devices QL01, QL02. The
power supply 150 draws a |low current through the high voltage | oad 200 by
using a switching converter to efficiently convert the high voltage across
control |l ably conductive devices Q10 I,Q 102 tc | ow vol tage supply vol t age.
The present enbodi ment conprises a conbination of a swtching 2) 5
converter coomettiegpowepfoald kich wolthgesopatertoaflotvi gitage ldaige.e G oottt @l diablty ),
conductive defvi ces. The I\/DSE,ETS Q10 |, Q 102) éﬁn_ Fi guge 12 rﬁ/pr sent the

hi gh vol t ag@CHie i PAFLSUEBRRIADS eeniiey el eipienghebabyit 7o Ke skOrdbsAtvas
Q4d,QL02 a L V§ i L | i wer
Suppl v 150 TRy o S gk AEDE D R BERL B AbRE a8t ERoP ok 2 por ALY SR e e
el e, ctroni ccomvoldlcutgeabbuaihSfiod mextsof poveed 20 be dRsipateddnftie pdveer dppbr. ilhe
aspects of the invention, a conventional |inear regulator cat ear power
suppl y usedefBirabilipnanmpt bees 4l eRlieRdSHr nrBIEViTs I8) Rt Wih sdaw Fogiency of
efficient a i . ' . .
Vol tage | oatl (¢ ge! PEMERly AORBNRAL WO ot Syt Ok BRSO sEpp] tor o
i nvention hasseardveeigbiobipgmeyrrait. dhgefallybite geak calremtinton et caopdweal sipplysik am
requiring on the qgrder, of about 50 to 10Q i-nWof power, to Qperate their
control cir st 50 timss the ayeragerqutpul\gytrento o thiease b tive) Vi aps Hinanes. ths Reak
power suppl r i i ani.f i t ever
Basoci atod SR REFRLG e it et ph9 e RR 1 Bl R cokRAHE: ERAELS
peak antl avetakgeautibbehoigsl rpaetidigarisnincche b spawverhes tpployd foexprctedity @avarer age
out put current,_Generally, the pea ent .into a cat ear power supply is

. curr
at |east 188kt P%erams%ﬂwtlémt T Pisih2Verage B eBHRIThE £at 535 PR PPy
| node di nUGARAStirck AR BRAKH af WdoBBhicd AWAIHYe fufRbuRA al UL HURA! dikfr OUah

t he conriected I'oad can cause the load to 10 | nake au e nol ,
parti cul arl yariatidgrisen ofid zestd atass sizaal ashiestrizd dbsvexpeditedatly, thaefimency of the cat

significant current fllo | ng. t hr ou i The hi gh aver age, curr nt of tpe cat
ear power sGFpPPYYERIHER ymegegtqr@@s ?gaﬁéﬁerﬁﬂc%}fﬁg’ﬁﬁbﬂ}% ? sFaind QyLput vo tage
transf of grer i1&‘cﬁ‘é‘as%§“?ﬁe1fefdr8,}%ﬁfer£h&% thO cat\eaf j:@&/hosgx?p%y;béyﬁﬁd 48b& tGL BiPst 15:hﬂﬁ§élcoﬁ§

descri bed above. Additionall'y, the efficiency e cat ear power supply
det eri or at est e AQdingi oltageater dhzroemssingpufundahengblinidtiont pots lunit phgeailkble

T eases Thgh o PRI LI, o T ROUED P Y RN AR LB
fundanent.al risk Righ#idaatly iffdkSall bidifbhalehedgablippt BurréRidkighiren time for the
cat ear pover s u%glc¥11§gsrt t{c? fh%ocir;gatldr\]/grlﬂ%ggsaout"stﬁ: pl"[ig]rearlt gg\l:rér sqgagry,(t:ﬁer ;Ec?v?ér stul(:))ply of the

20  invention has many advantages. The efficiency of the power supply is preferably about 75%.
Therefore, for a given power requiremenf of the power supply, the average and peak input
currents of the power supply of the invention will be significantly lower than those of the
prior art power supply (e.g., the cat ear power supply). These lower input currents are
especially advantageous when operating electronic low voltage transformer type loads.

35  Indeed, even a power supply with an efficiency of about 50% represents a significant
improvement. Further, the efficiency is reasonably independent of the difference between the
input and output voltage of the power supply. Hence, the power supply of the invention is not
limited to operation around the time of the AC line voltage zero cross as is the prior art cat ear

power supply. Indeed, one of the advantages of the power supply of the invention is the

30  ability to draw input current thrdughout the duration of the AC line voltage half cycle.

Page 19



rise significantly if a small additional average output current is required.
In contrast to the disadvantages of the prior art power supply, the power
supply of the 20 invention has many advantages. The efficiency of the power
supply is preferably about 75% Therefore, for a given power requirenent of
t he power supply, the average and peak input currents of the power supply
of the. inventi orTheigowedd@usplgif thecianédion ReRratif abest AMER RhviAG cRietfatidh o
power supply (e.qg., the cat ear power suppl%)._ hese | ower infup currents
bre especi adoyrlishdht sigBpE danerdidhereltdaty Teidtbe apaemtnous hevige ordinary skill

t fori- t | . 25 | . I ith ail, effici
o gt AR Ry PR B S BOMET BB b bl R
i s reasonabkyli apeRARERM s Bfe AMRcRicbivRACe between the input and output

vol tage of the power supply. nce, the power supply of the invention is not
limted %o oper atlihenmeandwndnashie ¢mbedied irt the fdw@ bf agproptistagenpetay softess:, as i s

the prior art cat ear oWer, s ly. | ndeed,. one. of the advantages, of the
pover  suppl §dPERIRE SPRRAERRIEI BRI ASGIEEp IO PTG PERPERES PR SRR ale
t hr oughout wﬁoqyaﬁ:{aihgfg 2bmidie sttt hhdeopRlor agepad d: ifothtisn. Pﬁﬂﬁerlc%téfﬂﬁleg?r\gﬁ{g

supply of the inve n preferably uses a buck converter configuratio
acconpl i sh siuuh strédwpicregpddownitefard $ieuldba gparent to il itlebantgeparaéptblic one

ot o a1 BBt oA by SR L Lo o e o
flyback)fonyept&dssary. The invention may be enbodied in the form of

appropriate conputer software., or in the forin of appropriate hardware or
a conbi nati on of Adfipughnilat@tdbandwizseitredhesah twith @ferendeto gertaiapgetificg from

the spirit an co f the present invention. Fuyrthe etails.regarding. '
Such har duaf BOSEIGES Lo PSR ROHPR DE appaPero bR oy fee it
public.  Acgywh NAhiher fakibh8IodARBEHAPIPBE nOfdeSHER: NALARBIHANE s pesRlitMRsE
herein are not believed to 10 be necessary. Al though illustrated and

descri bed hef equivalenty of dieeglaingeandgvideaut seperéips diom die isyhsidnnent s, t he

pr esent]é' nvention i s neverthel ess not intended to be limted to the detail F
shown. TRat her, various niodifications may be nade in the details within the
scope and range of equivalents of the clains and without departing fromthe

i nvention. 15 Page 20
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What is clainmed is: 1. An electronic control systemconnectable to a |line
vol tage having line voltage zero crossings, conprising a controll ably
conductive device, said electronic control systemoperable to detect a line
vol tage zero crossing by causing said controllably conductive device to be
conductive for a predetermined period of tine prior to said electronic

cont r ol M@ 2EnFARHTDH®g the line voltage for the line voltage zero

crossing. 2.amhe1systemof &laidn 15, wher ebdhrsaicdpeontdol 4 abk Yo condugtd ve
device is controlled to be conductive throughout the nonitoring of the line
vol t age¥'orm%t héPf ne’V/AAEge ?587 0 CFCSIPAG: 35O S48t efn oFCU QL ARRLY

wher ei ncdrheicelieet 8OR & ,CeRREHOE 1 SYSERM: LN OPET s chNoBe 4V Mice JBREe: 4.
The system of claim 3, wherein the controllably conductive device is
control ¥ ed¥o "B tﬁ%%-%ﬁﬁﬁdﬁ??§én¥w§¥nC%P81§3iﬂlé?é&PFGﬁ?&ab%XnﬁqquC§§§?en1
moni t orddig deheol baecyaliiage < abrt Bepkideatalihagep2el®@ £ aS%engribr dde
systemof, claim 1, wherein the predetermned period of tinme is_at |east
about 280 D<EECLEON The LY St%m B FEFa T 50 ef theSmdiTit8EF n§°bf Hithe 1ine
vol t age: frar vbheahd ne=rvolct-ageizer o crossi ng begins at | east about 10% of the
time between two consecutive |ine voltage zero crossings before the line
vol tage zero crossing. 7. The systemof claimb5, wherein the nonitoring of
the |ine votHageydom the kisnenvolt agerzet Oset@SsbRgrdiaging afondeastveabout 1

mllisecond before the_ |line voltage zerq crossing. 8. The systemof claim?7,
Wher 61 FATE 0 arie FOPTABHA oIt | G RVEEE CREoRTit ol T "TY L6 EohdUR L1 ve
t hr oughaut 1tihe tomezgshenrsahd 1vleabnonye tonrt kebssysdemis nonitoring the
line voltage for the |ine voltage zero crossing. Page 21

3. The system of claim 1, wherein the electronic control system

is operable in a two wire mode.

4, The system of ¢laim 3, wherein the controllably conductive
device is controlled to be non-conductive prior to said electronic
contrel system monitoring the line voltage for the line voltage zero

crossing.

5. The system of ¢laim 1, wherein the predetermined period of

time is at least about 200 usec.

6. The system of c¢laim 5, wherein the monitoring of the line
voltage for the line voltage zero crossing begins at least about 10%
of the time between two consecutive line voltage zero c¢rossings

before the line voltage zero crossing.

7. The system of claim 5, wherein the monitoring cf the line
voltage for the line voltage zero crossing begins at least about 1

millisecond kefore the line voltage zero crossing.

§. The system of c¢laim 7, wherein the controllably conductive device
1s controlled to be conductive throughout the time when saild
electronic control system is monitcring the line wvoltage for the

line voltage zero crossing.
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9. The systemof claim1l, wherein the electronic control system is operable
in athree wire node. 10. An electronic control system conprising at |east
one controllably conductive device driven through a high i npedance path
during fault-free operation of said electronic control systemand through a

| ow i npedance path after a fault condition has been detected by said
el ectrohi ¢ cOW rolStEPstedmCLiEin Ehe “OpSELin bfe cPAPRHTIOL o HOPREPL cEHPFESI ng an

over vold ageraprotectornt-hatsansesiecan over voltage fault condition present
on said at |east one controllably conductive device and causes said at

| east one controllably conductive device to be conductive. 12. The system of
claim 1dg. furt hesleoifmisi NnGctkatl chispgtéenr cubhprioidywi M@l n1éde: comect i on

f said at |east troll abl ductive device after th r_vol tage
fault CORUTETOR Has HEGH - CPeHPBICS 13- “Phe "6ySE WM Of P E¥'hi TEEE-"F T PRt

conpri sdnign@n WK -Eués ebberPriirecd Orsdhate sensesian coverocusyetdm f and t
conditiagn of said_at |east one contro]ll ably conductive, .device and causes
sai d at™IFEASE %néOHOHWF@FFQBFyEﬁgﬁdu%%?V% %eﬁ%%@tténghgﬁﬁgc uchtse. 14.
The sysisracetdchbaidnilBelbuetherc comptbsi g taenl.ockout circuit which prevents
the over voltage protector fromcontrolling the at |east one controllably
conducti ve device after an over current fault condition has been detected.
15. Thelsyst®m ofycieaai mA3clbitit her comphesi pgmarloiokousin chbreni olwdgech
prevents the_over. current protector fr nlcontroh%ingnth .at | east, one

age fantet B

cont r ol TABIS TRENd IRt VETAEYI 88 AF'CEr En tever 198 BRdT1H off has
been detxict ed. 1&6st Thee systtemlabbe) aconditifar heice capt isiusgsanadyert
current rotector th nses an _ oqver current fault condition of said at
st R ORTF o TR TR T O ae P Ko b ekt ndR st P oact Page 29
12. The system of claim 11, further comprising a latching circuit
to maintain the conduction of said at least one controllably

conductive device after the over voltage fault condition has Leen

cleared.

13. The system of claim 11, further comprising an over current
protecter that senses an over current fault condition of said at
least one controllably conductive device and causes said at least

one contrellakly conductive device to be non~conductive.

14. The system of claim 13, further comprising & lockout circuit
which prevents the over voltage protector from controlling the at
least one controllably conductive device after an over current fault

condition has been detected.

15. The system of claim 13, further comprising a lockout circuit
which prevents the over current protector from controlling the at
least one controllabkly conductive device after an over voltage fault

condition has been detected.
16. The system of claim 10, further comprising an over current

protecter that senses an over current fault condition of said at

least one controllably conductive device and causes said at least
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one control |l ably conductive device to be non-conductive. 17. The system of
claim16, further conprising a latching circuit to naintain the

non- conduction of said at | east one controllably conductive device after
the over current fault condition has been cleared. 18. The systemof claim
10, wherein the high inpedance path conprises a first path for controlling
t he ratcéleof:OtIFJéWsliat%ldnCPE@Wt%@G@@F%ntQ FendAncerRittiion -of said at | east
one controllably conductive device and a second path for controlling the
rate of _transition from non-conduction to conduction of said at |east one
cont r ol17abl ¥h€orsdaservet devi e, 149, fupidesy SPBH 61119 & mafghifferer fittthe

| npedancesnpfntsahd dhial ston-20dasecond patbsi@reri ndependest fhreachawtiher.
20. The system of claim 10, wherein the | ow i npedance path, conprises a

third pRRUEbr Ve oReY ofd | hiFthetheat @ of FHERSEt ifgHr GRPIEBHILCETDNPRD

non- condugtkgn of said at | east one controllably conductive device and a
fourth path for controlling the rate of transition from non-conduction to
conduction of said at |east one controllably conductive device. 21. The

systemaf. cl@iem 20stmbherneg ncide, | npedances ief swd d rilghr dim@nthnfceurgdrpat hs
are i ndependent of each other. 22. A devjce for contralli gﬂ‘ét he anpunt of

power dEFPYersd Fromfa YU P orPERRr 117 a-oad Corfdr iEifHg L 5 ot I | abl y

conductdorgudevbge teonect alorcheb et sahil S@Ureandosai tdneadl 1@ control
circuit for contralling said controllably conductive  _device, responsive to

a user SHPUETEYYnaFVrepr 888nfat15ROT6F B Fpridtet i TTed M4 P Fovier to be

del i vergdinkt emy$ ak gord Ot €ecdr@ucsab koadonsateh GONS T Obaid retli leddvidig: a
first node 03%0 eration and second node of operation; and a detector

ci r cui tCHGFOULtPeRt (PG RE BT e€EHEE of an additi onal

19. The system of claim 18, wherein the impedances of said first

and second paths are independent of each other.

20. The system of c¢laim 310, wherein the low impedance path
comprises a third path for controlling the rate of transition from
conduction to non-conduction of said at least one controllably
conductive device and a fourth path for contrelling the rate of
transition from non-conduction to conduction of said at least one

contrcllably conductive device.

21, The system of claim 20, wherein the impedances of said third

and fourth paths are independent of each other.

22, A device for controlling the amount of power delivered from a
source of power to a lcad comprising:

a controllably conductive device connectable between said
source and said load;

a control circuit for controlling said controllably conductive
device, responsive to a user input signal representative of a
predetermined amount of power to be delivered from said source to
said load, said control circuit having a first mode of operation and
a second mode of cperation; and

a detector circuit for detecting the presence of an additional
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Page 23 input signal and causing said control circuit to switch fromsaid
first node of operation to said second node of operation when the presence
of said additional input signal is detected. 23. The device of claim22,
wherein the detector circuit causes a signal derived from said additional

i nput signal to be provided to said control circuit when the presence of

sai d addlPrbnatTidiputnd sFfdingi $2det SOrea0L 281 Midevitesidrcle ol%iAg the
anount of -powesadel # vered filcam:a  <SQur GecehaPRYEE P apdaad LONPIhSitRg: a
controll ably conductive device connectabhl e bet ween sai source and said

d
| oad, sBFESEHR Pol PabT A EbidGeelvENRIBViISc8PRavi hd'F e E6Rduct i ve state and a
non- conductive state; a first control circuit for controlling said
control lLably conductive device_.in a norpal node of operation responsive to
a user 2Pnputt§; ﬁ?l‘éjrcereopfre%]@rﬂ%tzi2vewaf’r%“br%td€rtﬁicﬁ88 Shbuttt ot 56Ref to be
del i ver edghs Dnasmivehds qukbae shodsanditoath) Sapdtf kigharond ried ©idwCuiel teausi ng
said controllably conductjve device to transiti%n betmqu ,.sai d_caonductive
state afd" aFanﬁ%%%CSﬁaﬁE{?vg 8F af8atP 8 SFPFSt Ot rihdl t FON a8 d%8¢ond
control s¢in€uiits Hereco®drolling said controllably conductive device in a
fault node of operation responsive to the detection of a fault condition,
said second control circuit causing said controllably conductive device to
transitpan batveencsafdsk conductinge statsmamd sd ¢omen- aehtuetddyeErshake at a
second transition rate which is different fromsaid first transition rate.
25. Thesaﬁg?%éﬂéfmgﬁﬁiE?Z%ﬂ‘ﬁﬁ%FgW?F%ﬁﬁ?gfirst transition rate is slower than
t he second t eanseiiillnale. 2hduthevdeviee @f cbhbahardylavheeeweet hesafidr st

transition rate . conprises, a fi.rst t$£g%ﬂﬁ)rate %nd a first. turn-off rate
I S€s

and thesogﬁﬁﬁnﬁPQr%ﬁﬁﬁt%Q? 't §6e°c 5 A Ys BN HITR- FR &t €%9AdYa*second

conductive state and a non-conductive state;

a first control circuit for controlling said controllably
conductive device in a normal mode of operation responsive to a user
input signal representative of a predetermined amcunt of power to be
delivered from said source to said load, sald first control circuit
causing said controlliably conductive device to transition bketween
said conductive state and said non-conductive state at a first
transitiop rate;

a second control circuit for controlling said controllably
conductive device in a fault mode of operation responsive to the
detection of a fault condition, saild second control circuit causing
said controllably conductive device Lo transition between said
conductive state and said non-conductive state at a second

transition rate which is different from said first transition rate.

25. The device of claim 24, wherein the first transiticn rate is

slower than the second transition rate.

26. The device of claim 7?4, wherein the first transition rate
comprises a first turn-on rate and a first turn-off rate and the
second transition rate comprises a second turn-on rate and a second

turn-off rate.

27. The device c¢f claim 26, wherein the first turn-on rate is
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turn-off rate. 27. The device of claim 26, wherein the first turn-on rate is
Page 24 different than the second turn-on rate. 28. The device of claim 26,
wherein the first turn-off rate is different than the second turn-off rate.
29. An apparatus for controlling the amount of power delivered froma
source of AC power to a load, the AC power having a substantially

si nusoi dafF TPFTet vOrf'agec at e &Pt ddéterritfed line frequency with zero

crossings, the apparatus conprising: a controllably conductive device

connect ahl e tween .sai d . saur.ce AC power and said |oad; d a.control
ci rcui t%gc')r (k:%g‘ﬁt rd%IVIliCﬁg Otfhe&ca&ﬁndu%’i o“r%ég el?ait%e c%ln]isgtol T%%rf_fafgonréﬁgt iVe
devi ce, dddifdremnturein checskdorrcesponseo¥e #axe.an i nput signal representative
of a predeterm ned anmount of power to be delivered fromsaid source of AC
power to said |load, said control circuit responsive to said zero crossings
of sai d29ubstrantamgadnptusi Migsoi chaltddliényolthagearsonas ¢ sywmehr dai ze:rtee

conduct ign, of, sai.d, -contr op} ably,gonductive, devi eg.wilh said sygiantially
si nusoi dal™ 19 né& vof?age; Sai dCShtrol Eircuit enabl i ng Y7t st&onducti on
ti me of ssa@edantiontlvol kabhyotdridudtingee deMizge t hat &s pradaticablizedonduct i on

time pr onal..to L d e rmped o] . 1o be delivered
from saifgggg%}rug% w&ft%Aéé%%V\%J‘?gstsg%égf glcﬁq%aad);%ggg%s c%or#’r o “€Ffcuit enabl i ng a
second conduet i onntiawe agfl ysardndeonitveol Hablse carduetiaiel devececthatsdisl a

fixed c%%qggéigpé%i _ w%? aﬁ@esats_@n?ogg! fancdycl e as said first conduction tine,

sai d secon con ron tinme starfing prior to the next zero crossing of
said substantiabhyrsli ngsordat Ifiome voltrmdeland @rdi ngnatchl gr edét exatidned

time wiIBLEESPaal f O ARl AoREX! 42810 CTORR] WontiBld A2BLEL! rELEGH fretalst N
said controllably “conductive

an input signal representative of a predetermined amount of power to
he delivered from said source of AC power to said load, said control
circuit responsive to said zero crossings of said substantially
sinusoidal line voltage so as to synchronize the conduction of said
controllably conductive device with said substantially sinusoidal
line voltage;

said control circuit enabling a first conducticon time of said
controllably conductive device that is a variable conduction time
proportional to said predetermined amount of power to be delivered
from said source of AC power to said load;

said control circuit enabling a second conduction time of said
controllably conductive device that is a fixed conduction time in
the same half cycle as sald first conduction time, said second
conduction time starting prior to the next zero c¢rossing of said
substantially sinusocoidal line voltage and ending at a predetermined
time with respect to said next zero crossing;

said contreol circuit causing said contrellably conductive
device to be non-conductive for a period of time between the end of
said first conduction time and the beginning of said second

conduction time.

30. The apparatus of claim 29, wherein the second conduction time

is about 200 usec.
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device to be non-conductive for a period of tinme between the end of said
first conduction tinme and the beginning of said second conduction tine. 30.
The apparatus of claim 29, wherein the second conduction tine is about 200
psec. Page 25 31. The apparatus of claim 29, wherein the second conduction
time ends at about the tine of said next zero crossing. 32. A nethod for
suppl yi nd ‘podef EBPERREEOMY of e Edirt FPeEEin t%vﬁc@ﬁnﬁé‘ﬁu%*/‘i’%e’:me

i ncl udi RgJdat =+ eastutoRgeCohd oJd abiy sonductvercdemige connectable to a | oad
inatw wre node, conprising the steps of: charging a capacitor through
said load to a predetermined high voltage when said controllably conductive
device iz.inza IﬂiHIfﬂJ'OdCQﬁdUCﬁdpﬁQyS_th @;owalad(;:dr &Meng:dérw’r}’o?ntcjfxfc@zﬂ’tsw df a g
capacitor using a converter having a redet erm ned efficiency t rovi de a
power SEBEFY (0T tHTe 10 CoopaF AT oft SAFA cBNEr 6P" Bi ¢ dietry ot Se

met hod aefvekai rodRecthidizei tb sai doeanver tercis aisoM hiedle, Moot )& gcaneert er .
34. The nethod_of claim 32, wherein said converter is a flyback type
convert &-P35° The nethod of claim 32, wherein said converter is at |east
about 50% ef fchekemyg Pagpa2Btor through said load to a predetermined high

voltage when said controllably conductive device 1is in a non-
conductive state; and

drawing current from said capacitor using a cconverter having a
predetermined efficiency to provide a power supply voltage for

cperaticn of said contrel circuitry,

33. The method of c¢laim 32, wherein said converter is a switch

mode type converter.

34. The method of claim 32, wherein said converter 1is a flyback

type converter.

35. The method of claim 32, whearein said converter is at least about

50% efficient.
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