6 JAN 2006 ELECTRONI C CONTRCOL SYSTEMS AND METHODS CROSS- REFERENCE TO RELATED
APPLI CATI ONS This application clains the benefit of U S. Provisional
Application No. 601303,508, 5 filed July 6, 2001, and U. S. AgplANZ200&n No.
101013, 746, filed Decenber 10, 2001, the entire. disclosure of which is
hereby incorporated by reference. FIELD OF THE I'NVENTI ON The present

invention relates in genglHCTRONKTCONTROIOSYSTEMS HoO0D METROBYSt ens, and
10 nore particularly, to lighting control circuits and systenms. BACKGROUND

OF THE | NVENTI ON There are nmany applications where it is desirable to
control the GBRORS-REERREAN§I T€) BELATED ARNEICAZIONS ed to a | oad. One

exanpl e of such an plicatjion_i.s th us 0 5 Li rot on
the output of a Iaﬁ%i% aﬂpgﬁ’%ﬁ’@tﬂbﬂ%lt g?‘ffrr@gl éﬁl%&%&i’g’ﬂlﬁﬂ% qooﬁg 03 Ed’
conduct i on Ofﬁl%HrJﬁﬁf'B, K@b %ﬁmtshaggﬂaﬂmé\locqomglvhebﬁbédma%s& °§§Y'tﬁ@eﬁtﬁe
synchroni zed ine voltage and I's conirolled to conduct

pr edet er m neddis¢ibary af whichdatbrehglifcormyatdbptefetencdAC | i ne vol tage. That is,
the load only receives power (is on) for a portion of the AC line voltage
hal f cycle. The Ionger the conduction tine, the nore power delivered to the
20 | oad. By tpﬁ; ? 2 NVEReTRORr ter the conduction time, the |less power
delivered to t oad. There are primarily two nethods for controlling AC

| oads such as |i ghThmgrelsmdsventlbnwlanedhpgmml toeicrininianohired verses gudaystems, and
control. A controll abl conﬁl tive deo\# ce g devi ce whose conduction can
be cont rdidl ed™ByF BATHIGAL "@fﬁ% 1ghfing, gontr Fl’é%tslaﬁ SYtiEM¥evi ces such as netal

oxi de sem -conductor field effect transistors (MOSFET), insul ated gate

bi -polar 25 transistors (I1@GBT), bi-polar junction transistors (BJT), triacs,
si | i con cont r BAKAGGREOWND @FéI‘HES[N%ENTI@Nays swi t ches, vacuum tubes and

the like. These t control rret‘ pods utilize .t e. and

non- conduct | ve. st atBEeaHe BeEb RERGETH Y T TR R —
power In a |éi§é?{ é‘:ﬂ o%%?ﬁgl @?&@%&B@aceﬂéuﬁﬂlﬁe o?@@c @‘Pﬁ@&iﬂﬁf:‘s%& 1956 dehae
controll ably con Ive evices to zero crosses of ource of 1 ne

vol t age. 130 ‘Hlngdltngtdmmemfco tortma tht phagefedanpold, dlamlthpmaliynﬁxﬁcmnséayl®;ntro1hng

Synchr onl z2s g oo oL a0LY, SORUYEL LYS,dbuL oo b 8y e Sohrce, 61, AC, poter 2
non-conduct i v@ Ry A1C Eﬁ@vcﬁltarg‘%tan@?iédu%lléﬁ toAdndbet! £ pMableadmed RhtErvaV &l @ch half
| cycle of the AC line voltage. That is, the load only receives power (is on) for a portion of the
AC line voliage half eycle. The longer the conduction time, the more power delivered to the
20  load. By the same logic, the shorter the conduction time, the less power delivered to the load.
There are primarily two methods for controlling AC loads such as lighting loads,
forward phase control and reverse phase control. A controllably condnctive device is a device
whose conduction can be controlled by an external signal. These include 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 conirol methods utilize the
conductive and non-conductive states of a controllably conductive device to control 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, syﬁchronizes a

controllably conductive device to the source of AC power and controls the controllably
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then controls the controllably conductive device to be conductive over the
remai ni ng portion of the ACIline voltage half cycle. In the nethod of
reverse phase control, as shown in Figure 14, the periods 6fJAMNZSonducti on
and conduction are reversed with respect to tinme. That is‘to 5 say, the
control | ably conductive device is controlled to be conductive during the

first portionoRfuctiPedAted R ﬁéﬂ'-&%ﬁﬁct%' JvePﬂfé'f?rs rh@ﬂ‘@fjalp)&cah dlﬁ eﬂglf cycle

non-conduction in the sane half cycle. The netho reverse pha ontro
i s often usedheorcovpels did mmn@ilablamauqutwe deviad$o bs g@wuam@bwtth@mxmmmo portion

transforners. rd a base trol systens t

control | ably ‘?:é)tﬁﬁ&gé rﬂ%"ﬁl&ﬁ j’éﬂf 61811 ke I@ﬁg’gﬁt(’??%?@rﬁ?r "Ar° %@F@Tﬁ?ég%wﬁéﬂ/r%’ée
can be controf4 &fe h&iRB d?‘ﬂ@n%ﬁ@ﬁt@ﬂ;h‘éﬁd@ﬁn&%@ﬁ%lé MRersed QB pect fo tﬁﬁ'@yTﬁ:{t?s to
controlled to Be conductive, they can only be made non-conductive b

al | owi ng the sy tlErrtontthﬂiﬂg kobdetive degoe iscopanbed Dus donduttiw d:dnmgahe Brst poiton
t hese types of_ _contr.ol | du t ices are_not used for revers

phase contr ol O%t%eaﬂi E‘,‘Bﬁf’ P W&n ‘g)él' recapd pf PW‘F%“%WHBF & Qﬁ&a‘ﬁ?;&m e
conduction | Sc?; “’{1?1 Efhehba o@k&?e&s“egm &%to'i & i %%g%l : Io%%gd[t*é?l dtch eYé!% veslHﬁ)cpsl y

i
in order to powe elr associate 7 ectroni ¢ y control s
require |ine duchgueleyronelignetbrieryi ng i nformation. Controls which only have

two power term nals have one of these termn (the hot term nal
connected to a hot I %\}hqr%m’iﬁlf S%BQﬁthOZ%B$ed§€nBBﬁ§’rSte§ ﬁ? rentellebly %‘é}d%#th‘& devigeds
di med hap 1SR Diak & ARRRS CrhebOddildslcth bbb BheBoh0R iR ehaiill

this type of connection are ten referred to as "two wire" controls.
wire control sHohieetr, ditbeycanrentelted to tleaondsctivet ﬂheytﬁeomlylbeada;demmﬁ-cwﬂamtge by

their power s Iles and obtain ti mforrra‘t'ont .ro h this | oad

| oad can of t GRS 1€ et PRGN GPD I g8 PHe M hAghdget e ahap ormst Pon
of the power%oﬁﬂmhwmﬂdaetmmv%g it h§ed01foE %e&%%ﬁ%ﬁ%l bébeEi Q@n%&ﬁy!\‘;eﬁﬁ
connecti on sc However, a two wire connection IS necessary

control is wwhereithe ablhapqolanah]temnd dﬂsﬁblﬂmnéucmomes:r&cmﬁledm re is not avail able.

Control s i ch hav connectlon o .the hot wre, d, and neutral wire are
often \fg/grred t o HECH %‘ﬁ%@t’(ﬂ d&B e %Powpag’rfé‘d{r itoReper theg psgqraated

sour ce of AC f0MRSnits A@d&ﬁbﬁaﬁw ﬁlail?rcoﬁt%l@?&fdn‘érhrfe(ﬁe%lu&%ytﬂéﬂte&tﬁ{ﬂﬂgﬁﬁforﬁ%ﬂ&@e
control, the power supply and zero cross information can be derived

i ndependent | yCoftrols evhicnorg heue tvoapoweiHemalpglsdaiannd aghe® tpeninelsrtthede! tdrminal)
many appl i cations Wi.r e

tral
avar 1 bl e, - isrebed o §heh e o bRauk Bl RAR a e plr BNt e fgmag o
either a two t\@hﬁﬁlaﬁrcoﬁﬁgﬁed’zm@a AMNe2@6KR] 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 ofien compromised in the two wire connection schem:
However, a two wire connection is necessary when the control is wired in an application

25 where a neutral wire is not available.

Conirols 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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three wire control, thereby allowng the control to be used in a broad range
of field applications with great flexibility. Prior art for devel oping a
non-i sol ated | ow vol tage power supply froma high voltage sgsgwNegdoesuch as
the AC line voltage, used circuits such as a cat ear power supply. Such a 5
system woul d conduct at or near the line voltage zero cross so as to
recharge an gneygite cotittslagersdapiowiny the Susiolsy St aBEl yqbread kange pefialde
properly in the region about 1 mllisecond fromthe zero crossing of the

| i ne vol t ageaPrbisatichsi Wb spetiledbifat ti me wi ndow can cause excessive power
to be dissipated | 0 RV , 0 Ve Nas 1.
relatively high pggﬁg %ﬁgﬁ h‘%@gélogf\ég%ééog lg‘gr}%tftﬁ qéﬁﬁ@gﬁgesg%&?rﬁs% % @%%%é“cﬂth Y%m%gﬁe
aver age curr&fiirces s asetlc AT Eievslarpaske dirbitd 98l as BhteabbgWesd PRI ESicARUL
current presents a significant problemwhen this supply technology is used
with el ectr osistem @wuldg@qrxdagfeﬂ CERSA theolier YSIREs z619 Pase a8 dn rechhrediameneigy

connected in_,a two Wke de. S . 0 vaol.ta control circuitry i,s
noeded that " Tigeet oS Lo sy R Ry, Qe Bk 18 e ich ahp BLE St Eohnt
Al so, typi calroth®gerdldroREWEIT tReRd VEltacBapeRRRn ouelidd thiedve Wigddw 6irBEHuss 0

15 that they require higher average input currents to supply the power
requi r ement sEXSESIYAIP@XeT to beidisipgied inihapaveer SpPRYher di sadvant age of pri or

oot suppi 1 66 1 naPeskseh PRk PRl R Gt ki ki B e s8R s b

by the paweregpaptd/the Byerage emderit Bupplidrs thd @hinketgd DaNlod) Thisshiglo avereey ppHAL €
more 20 features and functionality. These features and functionality require
ever i ncreas{ntFrantngents 2 simifiqant pipbleny when dus supplietechyolegeisgisork it nic low

FEnce, ¥ o ERLIEE B U Rt bt e L PO SO

avai | abl e framidyRpbRage gurinol ciadditp veedslipt haslow dveaigt iihe cpeweas trosdethe
associated with such prior art _power supplies. 25 There are a variety of
fault condi t NERFoltaesore hAlSoy hiiGRg PESNAE BPWersipries kaysbeen relatively ingtiireentsor
exanpl e, 0ve I - (81, 0! R , P

can " bo Bauctat By PR R Blerblt LR oERRE b ABay Y el R SRNG SbRAP
connect ed negi@tdrcdinaaels, capacitive coupling to parallel wire runs with

sharp transi ent |oads, | jghtning zt rikes, etc. Oyer_current conditions, can
be caused by, forAaRHpABAEHEEE of PFETE BAWFRWRICTIGH Habiegicouied deviges 1s that

crceed 19, oG ELR HEIE, IR LU o\ poe et
t hey can wi t ddiverd tw the@otwePagplyd 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
évailable 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 exémple, 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, connecied loads

il
<

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
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6 JAN 2006 failure. In order to protect a control that uses these

sem conduct or devices fromfailure, these |limts are preferably never
exceeded. Fast detection of fault conditions, and fast reactJAN 200kereto is
desirable in order to protect these devices. In contrast, during nornal
operation, the rates of transition between conductive and 5 non-conductive
states of thggiarseamdzeady @&&éctcbewnﬁgﬁﬂﬁf £s5e6 sk QbthREnHR:1BEd &/ QW frolN 85 Rird tAWe
rates of transition are uSed, for exa , tolimt the voltage and current
wavef or ns aslimgeardygeferiidy pees eh@@ﬁdcdggh# deierhon afifautt ednditidnscmd et echctiani o

frequency in erfere ) l.Limt voltage ringing caused by

i nductive po{}a@? IS eﬁﬁaélﬁ%\é@??p]?rﬂ&egg{@ig%&?vﬂ%ﬁges of transition during

normal operation g &g, ahﬂg LM AdpEMabEe, tRE Pét@scéf't%sﬂfontﬂé%égen]&nductwehand
us

sem conduct or devi ces. here is a néed for protection circuitry t
operates & o mausmdub‘as& sta‘as efthwke sanainenduicom dﬁmnte$ arfegohtrobahtl ba o, Thiasd dow

still aIIovmn ese emcond %)? dewcesl perated with slLow rates
of transiti o’ﬁ‘ Pﬂﬁ’fe ‘bsﬁgr FhﬂnE]Sn‘& HU(S gﬁzﬁ;ﬁéﬁ@eq{q&a\fp ¢ scen by
| NVENTI ON 151,Lh6,, E@é&ﬁ%l% VMPRAAL bokd &nﬂﬁ&%&?a&@%&ﬁ'&égﬁnﬁ%%% R Tinfit, or

el ectronic contro syst allow two or W re operation.
Accor di ng t otedspaobitags rindieg cased by omjuctihe pappawaings dowpé ey stheserdlgph rates of

efficiency power . su l whi ch can. suppl owe t he operatin circuitry
of the el ect FYHIEoL orgiak pRAFALGR %Stt‘gP QG\H trﬁﬁﬁf?etqﬁ?@é’r CFROR Pﬁ@ﬁﬁ ati ons.
Accor di ng t Ose%ﬂ%ﬂﬁfckﬁ%l@@ﬁ%s thﬁshﬂwk@i‘éearﬂe'eg Ror 615 B&ﬁl&?&&é\h&? e R peitesdo gause

detector that 20 detects the présence of utral wre connection and
outputs a siealatased pansitive undertfaelt cmmtl‘emtsedrhde still allowingehesmesitdndoctoodevices

cause the ele oni ¢ stemto.o te in e,.fode when the
neutral wir e ‘?Pé”é?tf’% §51§?°a"5§% ﬁ‘HlS’tt{S’% g?%ﬂ%’qaﬁoﬁerﬁﬂ?%ﬁowlﬁl@smde when !
the neutral wire connection is present. Accordl ng to other aspects of the
invention, the apparatus errL)I oys a zero cross 25 detector which can operate
in both two SHYMMARYE QF rldkd dﬁBSENﬂ‘E\HVENBE@NTent the zero cross detector
conpris a hot z o cross._de rat es a. hot zero cross

o0 o rutrar zenpe RS InlRuERIT Srifl AR RS il B SR TP e

signal, and @hiBhGHOIIRGESHEPS: thERSPROSHMEISD AbRrdiah @ 8§REE TitBNANEniich, EaUSe
the apparatus to operate in one of the two wire and three wire nodes. Page

4 6 JAN 2006aprecasnsiemploys ayigh effioteney pawpeippbf whish chm yently payver tedhapperatings

enpl oys a Sycszl}c%rltt‘ry 8F the electronic control system in both two and three wire installations.

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
neuiral 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 one of the two wire

and three wire modes.
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stabilizing the zero crossing signal received by the electronic control
system when the system is operating electronic |ow voltage transforner
connect ed | oads. Anot her enbodi nent of the present inventiomJaNdidect ed
toward the protection of 5 controllably conductive devices such as

sem conductor devices |ike MOSFETs and | GBTs wused in an electronic control

system Over vol t aAgeordidgCtaivel ¥ndiRtS8eck Bf Meahivatlohale apPRah eRPloyRGE 988 nPior
control | ably conductive device which is in the non-conductive state and
control s thestakibringdh¢ gisperesshigieanal ecaieod be theoelprirasipmeniitol vestem vdwnithe system

renove the over vgl t age concli . CULT i

t i.0n. e rent circuitry senses when the
current thro]ﬁg‘j’l}‘?erzf;l eeny rcgpplé:bf"tyvgg%ﬁ cer %nnaeé\?lglf:uéecﬁegslo (%f exceeded a

predet erm ned cur pedthet Bimdshihdht afthe GBRNehnSeritivd is altbdted toadrll tieoRdietiby 8f
device to be non-conductive so as to ensure the safe operati ngEar ea of the

cont r ol | dbl ycazdredallyi apaduets deaices sydtassrpicsaddctomiayigns dike MOSRESs ped IEBYs

out put is desirabl onfigured such that it.can . bypass and override the..
nor i cont raedsae cGRRpHE oBRe R Ra G e R rird Bl SThsE S § T HbLE {qpfiton
control | abl y,$eRGUI 6B aBlIg ot Budiveldedias WhidHis ir Bl in-Reinesn €apdHetomrbland
non 15 conduction states. According to further aspects of the invention,

| at chi ng -ci reutoilgbiyscondpttoieatgvice tk bepondustive s ag togempve He Picoveltadesandition.
circuitry in.effect even.after the fault copdition has ¢leared. _Lockout

o reut try 1 OfelhHet SRRk beset Wk R B RO ey AP B hrueg VR RE R b
ot her prpot egidepitdcd predbierhidgd alur@adireblid 1@ BRE coiitfIR theRBREbRAIREoAdRML Ve device to
condition. 20 The foregoi ng and other aspects of the present invention wll

become apparkmpori-eenrductivesq ay loRpwg thretads Ppoatsetes pt thereoptrolatdy condigtiven

when consi dered i.n_conjunetj j | . . | i . BRIE .
DESCRI PTI ON ¢ 'FHE “B?e%%ﬁ& 3@%?%@%%‘?“3@@@‘9@’% ﬁ‘s%brqﬁcug‘%ség"trﬁ‘%mﬁ that it can
invention, thgies ikd 6WeMle tHe ddmaldaivongath af theedthad] R cohdadive Sepitesedtdute
preferred, it being understood, however, that the invention is not Ilimted
to the specitheconsehady carinciitg deiaeiortaansiticagapidbchedyesn canguetinn #daiitngs:

Fi gure IS Wl bl ock di agram of an exenplary systemin accordance
wth th(JalSI pr%&?ﬁ?@ﬁ]@éﬁ%'i on; 30 Figure 2 is a block diagramof an exenplary

control system i nAzcedirgpndartitrtaspédicos the asention, Nvehin ehrcuifigge employddhb REGH6
Figure 3 is a circuit schematic diagramof a portion of an exenplary cantrol
systemin the results of the protection circuiiry 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 is 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 I is a high level block diagram of an exemplary system in accordance with the
present intvention;

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

present invention;
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accordance wth the present invention; Figure 4 is a circuit schematic
di agram of anot her portion of an exenplary control systemin accordance
with the present invention; 5 Figure 5 is a circuit schemat 6dAN 2¢ltam of
anot her portion of an exenplary control systemin accordance with the
present invention; Figure 6 is a circuit schematic di agram of anot her

portion of an exerfif@ed is@andircalt sciinsitRmidgranaedardaneeofr deti@arc@sRl system in
invention; Figure 7 is a sinplified block diagramof an exenplary transistor

driver in ac@&dduce willpthginresenh@vepti®ent i nvention; Figure 8 is a
sinplified bl ock di A, Qf .- an: r . ect or i 0 e
w th the prosent i iogee i ciRls SHRBR Mok EhARE, SEHBE P e AEBOLARRTC

exenpl ary st egstemdn abdcdtardceiwith degeésdanoeemidnd the present invention; 15
Figure 10 is a sinplified schematic di agram of an_exenplary system used for
el i m natihg fal se higdedds asical smt@rd%@wﬁ@fianofaé&waan@ apexemplae gnEebnt
i nvention al %ngemviﬁhtgco%%rgglv%wth%i ”%s%%t idivéalglro?lns; Figure 11 is a circuit
schematic di a4t am of - an exenp aryﬂloa ofF 'usé with the present invention;

20 Figure 12 is aHpaels idiaasicamsefenaiceXeiith T ¥nsHet fHri60 WP kh SkdiSplary ifiirol
vol tage power supply in parallel to a high voltage controllably conductive

devi ce i n acebsterribecedreancetvath Pedsesent InHeEIOM on; Figure 13 is a diagram

which illustrates an_exenmpl ary,: r,d.phase ro ef or m, .and .
Flgre 14°1s a d d3Pu v B phELYBLE (RRRRP oL BTG Bmand R Sl B BB erigee
wavef or m o DESGH RE hNeFinkikMit ARY EMBODI MENTS AND BEST MODE An enbodi nent

of the present invention is directed to an electronic control systemand in
particul ar a |i ghthigigreSoperssnpldiied blaek diagragueoapicamliny 2ge ¢iop ¢ricsigidither to
operate in twy 30 W.I. d [ I wire node (i.e., to operate with or ,
W t hout a ne&??oéaanv(\\ﬁervgﬁ%%ﬁ% g%st%lmol(rl\‘)%l%%?é controll er senses whether there is a
neutral wire conndgifire® ika sihiplifieahennic dagnint of ars yeshgulagerig @irddiNir2006
and adjusts its operation accordjingly. The electronic control system

aut omat i cal | yeeBfEesvihie present invention;

15 Figure 10 is a simplified 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
ivention;

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

[
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 gtJ¥x2eb&ctronic
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 erregnd adjhas ¢ dpaation hécdhdinglg. TheRrRIdcaLhRIcoBfroBsydiciBlitombSclyefeRicaling
connected between an input source, such as an AC |ine voltage, and a first
term nal of eoItBwgUSIPEIOEENEE SoBRECIiAR AFRESe it cnhagiment riteckditewaidan ow
vol tage (EL f r.. 3 typical AC.1in

vol tage comprieRad s8R Mokl EPRIERAGE IRl 8Pyt MR BT S el B
line may al sBroademeppiicatior2ia®ilied eR4Bonie@ohtrol80 Hz singl e phase power source,
or the like. The electronic caontrol system 100 conprjises a hot termnal, a
di med hot t er mi n&igure dnga highdero! hlockekizgrem ol aaicsemplrbPtstash il doporsenerwithdhe

to the neutral w.re of. th ine. T I 3 f.qthe AC line is also
connect ed topgs%[(%%e&fnpg‘r %n?%étrgg ?ct%céﬁﬁtl)sé‘&?%éab’fyﬁg&e etg?l PSR %S %g‘ﬁ t}r{%
system 100 cesitfddes of Aeinhinenidprefordtil @ BbniteotetRtv@atkndBPutbdsuRt@, sehtzheh AC line
forward phase control or reverse phase control based on a predeterm ned

sel ection. Fueltags) end # Bt éermingl 06 leage00oieh asiap MeandesspRidpIng of g1 glsstranis low
with reverse_ph ' .age ds ve a .
capact t1ve i POy podaraeonnr ¥ Bf s hadang sl A CERE So i fhorises
el ectronic | W20 ebltpgEHE A e phasedoger biaos i B ACQUINaRhy 8180 chinpiisabher0 thBie20
control l ably conductive device of the electronic control systemtransitions
from a non- Eelhdiddz vastephaseprucozs. atthe 8keThe el ectronic control system
100 detects wheth neut i ' I ' ﬁ%? ' r.at i-on
accordingly. In pg$F%E§F§@?ng&%ggégFLE%ﬁ%ﬁﬂ$ﬁ%$%g?p%nggL%be 3&#§m?&:ﬁ%ah
m cr opr ocessgid ApanitDianiing wiitlpistopoibnaldeindetiod 1o thededrilaring oihe W e 0The
two wire or three 25 wire node should be used by the e|ectronic control
system to coReWEl WirperidhaAdchinsds plisggonngsie foa seconrd erigpglef e &epdaibiOet an

exenpl arys el ect rof}g LORLFAloiYS! SRADMo ARttolTHIHE &% Turnt @l S84 8i
ragr ary tr

circuit schematic agrans of varrous portions of an exenp el ectroni
control syst eihet@rwakt hadeaontrolvraevordt plalse syistd badddilorcopesicieasinad zdeaiwr 58

detector 110, an qver vo]tage protecgtion circuit 120, an oyer current
protection cPREERC %,\f%ﬁ%ﬁ%@%&ﬁs APl (9 SBCTal Y SR TevEre e %ﬁpfﬁmug
m cropr OCQSSg‘écﬂ@rﬁﬁ 100 Solife 1b&ds Rk BPEifRULHA ié\Plﬁeﬁnc . & AR08 &IHHN

are connected to the zero tross detector 110, and the dimed hot termnal 1s
used to control electronic low voltage loads, a large transient current can flow when the

20 conirollably 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 circutt 120, an over current protection circuit 130, a

30 power supply 150, output circuit 160, and a microprocessor 190. The hot terminal and neutral
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provided to the over voltage protection circuit 120. The power supply 150 is
preferably a switching power supply with high efficiency (e.g., an
efficiency above about 50% . More particularly, with respectt XANEMfure 3,
the power 5 supply 150 is supplied with sufficient energy in both the two
wire node and three wire node. The diodes DI, D2, D60, D61, and the two body

di odes of t heerMiGlETS cdpheOibdan theQel®2robs deteciui P10, and tieddimmMéaDh&homtinalrs
Figure 5) forma full wave bridge for power, sugply current to flowin both
AC | i ne vol t@géwqiﬁaﬂrot&?@vesvolqaae priectigasirgnit 330.e| ectroni ¢ control system

Vol tage (4 hree i rgemsaey SHIE S50 S RERAUIF o B o Sy Sl i Bl

charges by dyawi, ag etfdieentabbyoabdhS0s: UM@G@Eﬁf&SlEﬁI}WﬂHﬂ@E}ﬁﬂgﬂ Fierelmthebd®er
and neutral wre in the negative half cycle of the AC line voltage and

t hrough the ﬁblﬁplwlﬁﬁ insHpplip thfﬁ%@rltﬁagﬁgmmbotﬁhﬂhﬁ by i Bpde pred Ieee Wite mode.

' both nal t 105 SERSIR. 1Ry st ol b B bas BPAEMPSEESY i SR oo

line vol tage oluﬁpug Bealiel 60 St llﬂqugule 35 APAC h FEl w\i% bﬂﬂge MBE}SW%I‘I supplecurrent to
controll ably conductive _devices are non-conductive. The ode D 10 of

Figure 3 predlont i hatle ASuline upltage el agries rom di schargi ng through ot her
connected circuitry., The Bus, gl%?f?& ik Qb Et% \ﬁ?ﬂ gf’e r%e(;jltr%f)%é %a%oqntlggt%g toythe

vol tage DC to power an e?? P an SSEIORRE Y OW VO

to operatl@ thbeugdonits of thelAC Uink S'omiget(ﬁﬁ'eﬂvﬁ@trﬁ@fw Cthe B0t EGlachysT B 26 pmer
efficient power converter operates as follows using the well known buck

converter topePRiEy >0 Fharges by draving gevient fiwmthersource ofel G pewer heoug! thelhphyire and
| _
br i nci bal conpaianree o 4 ReshytdulipdiboREaR RRAEH e LG b AN -

Cl13 i s bel owlgdikinhd pagave aisjrdd of thdet@lint neltadey Ihhie Gatio€s t\ﬁ)@ﬁ*ﬁtdtﬁbdi@ﬁh@f!us
zener Z10 and the LED di ode drop of g Cgoutgi er ﬁS gé current wl

f1 ow t hr ough “BPRs&E Qé%%ﬂ@h%@ inghegz hal Bt C&’(Sl}ﬂ elpadvaicaithe ahsobite value Of the
opt ocoupl er I &

flowf ro!n§t hg‘ dé%lé itéggpqg}gﬂgcELft ﬂ\é%hﬁ‘{ﬂﬁgjpfeéi %@% (sugﬁhﬁ3 3 %‘FH%E&)?gHB{IHﬁgv cHfithetive
TNY253 | C nmadefiaed meeﬂnhxonﬁ’mvexe Thetdigdead 1 @oBFighre3 pﬁarant%dseebus(?abadxmmm)frcm

its source pin 2, there enabl ing cantroll Ul0 to . in switching in
order to rai eecgﬁéntﬁﬁlffmg ﬁh@rﬁén?cg%ewﬂm emw@aﬁmr&?l@elﬁusﬁ a5 $quresheh

drai i To the T s B R T e PO s PRSI Ry s P Cfferac
capaci t or Cl3he ddmdrol airevitsfofrthseleoforntibcentmlsygamn. i s Page 8 6 JAN 2006
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 Ul1,
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, current will not flow through those components, thus the opto-coupled transistor of
optocoupler U1l 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 controller U10 to _
begin switching in order fo raise the output voltage level of C13. The coniroller U10 will then
30 turn on its internal MOSFET, thereby allowing current to flow from the drain to the source,

through the inductor L.10 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 ar 6JaN 2006 | oop
defined by inductor L10, capacitor Cl3, and diode DI 1 wuntil the current in
the inductor reaches zero. This switching cycle is repeated at a maxi num 5

rate of 44 khmigd tyahe RdueRnts of in@hctblD10.UMleh thd\@urvdk inge 1B MOSIPRT kdaehes
C 13 exceeds the voltage threshold determ ned by the series conbination of

zener Z 10 aHi¢ inkenallypedtloesholt ofpcongpllept b digpinseme) MOSERAe taned offoThagerrent

threshold i s_exceeded, rren i |, begin t.q f.low t ugh those.co n
thereby tur N CPﬂténuc?ptP _0(‘;“6“8’%%4“}%18?,% !g%t?rgld%gfmgﬁt%{:gt{gICgPa‘Ll}OF &ﬁ3 Oﬁlgpﬁ\ﬁegh?l
this transi stafil fhekeiFe@n thdh@daasbleciisketb. OFhis SRitEIahs @%clé’is]i@pézﬁed fef GYimum
connected to the 10 source pin 3, and in accordance wth the operation of

control | e¥ Urate of ddicHetais sef byscangiolienkd @dmitil kgcvoltagnattpss capheitas ) excpgds the

b d I i - i nd f | y.
can e, U529 \utEL 65N BRSO RN R BRIELY SEPRLY o

sel ected tigesp@boifle WA .IWhen thioldlage thatHold exeeedol NERrea A IF BedTR e flBRWET
supplies generate electrical noise, it _is_advantageous to constrain the

oper ati on of thravglhdnes canppionts, ershydsmipeticopieeouris! waisisorseippiadoypler UL on,

nctude a pollreBarg iR s 48 e Bk M GuESTELLo R RE R slllEle o

pover suppl y shgrce B Ghe h heoddaae G tBE bpduti@Cht dbritiollet @10, Stchiipad dRggnated.
source such as an AC line voltage. In the apparatus of an enbodi nent of the

i nvention, t RKeldgimalystipgnsble piti 4 pan bryusgd e sl AdyBRing pr soR-tenirgmedaobieer |
. . _ . ' e PR _
1S Gest r P8 SBRECIE B 0%, YOk R\ RKalABL G000 B B BN S RRERNE R

over current tin¥sef @ed AOnimeivoltdgd halBOydidiagineé kwitdemsde poder 8pplicd gendfhtOvettrical
vol tage across, or, an over current condition through a controllably
conduct i ve daQised! ISpdyantageavs i@ rpustiaBiihe gperaiien abibepopics furply to thraeevBenr pbss ¢

control gyst gmsgrswg%n(g%gﬁs 2R lgéhg%%{rii}get ails of an exenplary over voltage

protection circui an ex over current protection circuit 13

)0 are shown in Filgyfier dlecthbnis tamttalBystams efhtvheinclady alpbagesyyisBFutilinig & high
conparators Ul 10: A, UYl110-B is derived from tih_e 8V MOSFET. drive rail, Vg,
through t he IEAREENSWICHNE GRgVFEd; e poWRY SUPPLY Pornagrded oglipwcrgnt sty froma

compar ators T PABRIGe s PRTRM AR o lag pien Y AP, R lodigont of the
shar p- knee 5iS¥nAemehe psweieippbf, etibncg avhiglt Bgpiehoy whitdling benaete ctdvenciPege 9
6 JAN 202006 through the load which 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 Vpgr
for the comparators U110:A, U110:B is derived from the 8V MOSFET drive rail, Ve, through
the current limiting resistor R114, voitage regulating zener Z111, and a noise decoupling

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

30 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. C oclAN 208et ails 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 | edirByitss@t ehba@d! RewelIPEHAREE vAltage FefetticY EighichS Hie toleFIRirHY xgih%w on
t he i npedance the slower the transition rate. The out” put transistors 101

and Q 102 ar éhedidteadiontclieniligh hi gh i npedance path 165, during nor nal

operation, and thr h-l ow i edan 1 Fi gur e uri fault. .
condition. The m EIBar IRt S SRSl Bl ath s dhexhahty iRl Gpui
165 and the U&aps of a¢biamplaty silthiiteikdR 160 3R shbhe iRFahas i MlisGidICkidwn thdlihe
130 are al so connected to the | ow inpedance path 162. \Wen the protection

circui ts 120rate 8btransieen betwiantle, stattreof condistipadfane MMOBERER ca 2e csnfamiiad\lm ed.

TheIOW|rrped nce th 16 active n,a,faglt is. det
fhul ¢ pat b osaprE e tnEchsesal iR it Ao bitrblbermpreiih St stuhes
165. In nor mglnQREAK ?été O'T'he Bﬁ@uﬂrﬂ{hd‘[&@@@@ GRdRAtO? 2Oariven ths&tkh ﬂ;hﬁlmpedanc% path

transi stors QL01 and are turned on through resistors R103 and
and are tur nédicrhfnrlghmmghopewlm, ond fIQh lmrrmn?gdmmerrmh tffefFagirer) during a fault

transi stor cont rovi ded b m cro cessor . port e, and

Gate D ve COmMiBREndL BRGRRER e SoIPis Torne i BlRR Blet Rt Rpase st md Bia o
102, Gatgy Dr p¥fedtiondiicuRS 156,10, TIRRE¥CHIN dicids 900, 1I3N$¢ S8 tofdeb 1B HeTaqn
in Figure 5), thereby turning on transistor QLOO: A, “whi ch applies 8V to the

gat es of lvosn?tﬁiﬁsdm@mathd 6énd7vh;®m‘(h2 pmtﬁ@myrm@uﬂ@é%tléﬁcbteﬁe@ fawt thedowdmipedance
conbi nati on of Drive | ive
Conpl ement i SRR EFERIET AP IRG TOPrpee e degr: Sulastte Whrtle MipLR kG Bhe ©
current pat hméqmlﬁﬁvﬁth@véﬂrfd@sltﬂe th povidddsf the hiteh iMpRlale ﬂéfand

QL02, Gate Drive is pul hereby turn transistor off 00: B, thereby

turning of f trans|Ism@rm@m@ramonoﬁbérlwg%glnméammﬁéhl pistused. ﬂamtragslstom%vl pad |

to the g es ETs LV . iven
hi gh, tu éﬁgﬁ ¥ g’ﬁ%ff s%ﬁ gg e%% ﬁﬁi&dﬁé ‘ﬁ&?@f‘“negt“&f?%égﬁeé“ i’f%]:ETs
Q01 and Q RQ24t W@M@hmhh@l dﬁ&t&h@ﬁaﬂwt&%oﬁfﬂ@ﬁs&ﬁﬁﬁﬂ&'@ bRAE imaﬂa;@rc@eésﬁz poes,

driven through the high inpedance path to _reduce  RFI em ssi ons_du

nor mal oper afdaghl nmalanqh&aép P Copmement éhovrnia eweers Totern cirthe M{OSERBeQ101
gr ? Aﬁr !2‘682 tDLSYARL Afe!rMNd AREIRR AP Helbtly QY of BENGINNG 16015 hMin FABGuAkD
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 from
25  the 8V rail to the gates of MOSFETs Q101 and (3102 gates. Gate Drive Complement is
driven high, tirning 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

RF1I emissions during normal operation. During a fault condition, the MOSFETs Q101 and

D
<

Q102 are driven through the low impedance path to shut them down quickly.
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During normal operation, the voltage on the inverting input term nal of
conparator Ul10: A (the Over voltage protection circuit (OVP) conparator) is
| ess than the reference voltage of 5.6V so the output of tBiJAN#Ear at or
Ul110: A is high inpedance. This high inpedance will keep the transistor

QL11: A of f and the MOSFETs Q101 and Q102 are 5 unaffected. The

m cr opr ocessor pot{jurﬁgﬁﬁoﬁﬁﬁfd' et &hRhel volthb @i eheGhvdrEing awuoReReVe bf EfiBparator
MOSFETs Q101 and QL02 are off, thereby turni ng off transistor Ql11:B and

enabl i ng the 1&8%6@%pveﬂa@iﬁ&ﬁd}@?ﬂ}on ireaity €9 BP borsrbayatior)dg dess thaprbe teficrents ng
termnal of 981 VQ&E%A%@& ‘%13% B&H{fg%ﬂﬁo%fﬁ?%lﬁpm na%“‘rfus XP)

conpar at or) I'nverti ng t

out put of thirﬁ mﬁmﬁﬂl keephd Gafkister Qi ghAl effedaneeViasfFEIRe) 1 (MBEET2QEO1 and
QL02 are unaffect ed. Diodes DN111:1 and DN 120:1 provide isolation between
the MOSFETs wafieciusd Thropicaoniosssoriast @&’PLBESETr(élmw in Higgre Gi3plovpwhergyenthe

Q02 11 seq <N GREETY RO EOF R0 e b R L BE Rl D S B e

comon node. ddiactdhen this node's voltage, which is also connected to
conparator Ul110: A's inverting termnal, exceeds the reference voltage VREF,
the output of theAdkitinnalydhe uafewnge veltage gaithe mwgwngttwém@@yomamw@or 110:B

transi stor her eb e t MOSFETS
Q01 and quosiy Res BT AR ERRR R T AR b artBh W8 Pl

i npedancy) pairh/eﬂ&ﬂga\aﬁnﬁlhﬁsd\ﬂ%laﬂm &F thebleoniishratod U21 0:B ik Bigh @fpedindd dbashier
rate than durin normal _node of operation. Because voltage transients

can be on t hM(BgEETS @fl%é%@}ipz arenedigngdy Hiedes IMMEL i hpd DpWI20 dgirovisletispdatep
coma 1T | Sl SPt Siofhade, M ydoh LIplagbou 8. oV
by virtue of the Hmﬁrgmmveacmlitaye farr[tlt chmldmﬂ?bﬁﬁﬂa ﬁltagmhaoiﬁhdmﬁmf)ﬂ;m had
inverting Lepmpeloyel sgs,oh 2 LN ompan oL U g A Gete LSl gtenee
ST B o]l L A Pl BLTECET, A e
bel ow the r &ﬁmnmhmcwﬂstthgmfwﬁﬁﬁ; valtage dhyr, dind witpgt ditibe cutiparttoot) 1B\ will pull
conparator U 10 tf\eregy tur 1};10?:)?1 t|1 aqlgggo%r&ﬁl zf a}gereLy appl‘yjfﬁilg c12r1ve 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
10 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 refcrence voltage Vprgr, thereby keeping transistor Q111: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.
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In order to prevent an oscillatory condition fromoccurring between over

vol tage protection and over current protection when one protection circuit
trips, the other protection circuit is |ocked out. Wien ovedANAM&ge
protection circuit 120 activates, over current protection circuit 130 is

di sabl ed via di ode DN120. The anode of DN120 will be at 5 approximately 7.4V

when the over vol {ag@ePioqir8edit AR o8tillgtdty chdRtidiSiramldobairffd bR ded v¥ithde
hol d the non-inverting termnal of the over current protéction conparator

1 10: B hi gh pretestigh and over quikent proggceing evheolona geots@REm, cimugririps, thhethowpotection
current protectian,circui Qtries. to | .. the ngn-i,nverting term nal
Cow, Thi 5 orpact o ek oTEen rie Gk eliiion e R b bR e e ar R
U110: B. 10 DubidAoRBir@Me136 W disdHled @l ldtodeamdiAd. Ohe Aodehd IRUTTERI bhgough
t he MOSFETs increases, the voltage across resistor Rl 09 (in output circuit

160) i ncreasagprodmatahe 70l whge theppieo aclags proteéion erttiel2( s ankvaed rnQUE vAll or
20: B will begin to t . de| I t he di N flow  Th

curn on of (AR SRR TORR ClRoevE e HOC EREomBRE Sk K el

termnal of &g oRARDRY @b QEfekdhtl vBitstRWA Red Wit g ovef &hﬁ&ﬁ%r&@étkﬁ%rcyﬁﬁge tries

thereby switching 15 the conparator®s output [ow. This |ow output quickly
turns of f t hte MISEERen-QiGLting tbrmed Dow.h T gitediiale dBrBIZE e @l cuesitgrarciion
R128. Noise filtering is provided by resistors R124 and R121, and

capaci tors (fﬁ’é?ar@t?’?%,uiﬁﬁ Cl122_ The over current protection circuit 130 is

l'at ched 1gn, even afligk ahBQef Aithdnt ERMALHRRLNAShe ehifakQHrouRY tiYd KAOKFOfs ihbRases,
f eedback action of diode DN120: 2. This feedback keeps the non 20 inverting

term nal of thheolteggamratsaesisiot 8:18% Hielcoiput hizcuiel €Mancreases] taghe vilEage aphmaghss
k i th i | . .Th t] i it t,.wh
(oD B9 ve” RN P RingE Gieghe S ER PR RURS SR Pafbh i R R
circuit 160)guridpk Gbwt MER thid HSof B8 tﬁahﬁé‘t@fvsﬁﬁﬁ%o:g}@?ﬂﬁ (Wi h 1 YhedidrvinRerttaBe

non-inverting termnal of the conparator to 8V and clearing the
| at ch. 25 Whiermirfakolthe comparagent U prbBalomindielay thauefera3e vidinge Xres therehy svitghing

vol tage jprotection cirpcuit 120 i.s.djsabled vi.g.diode 1 he. out put
of the: daer B pBRerfpET Slebro. hilBER P AR S PG MOREETS DEF A
ternmnal of Qhez eneighv@iblave 1R0oL &6l icoibtot RPN Notie filterik: idptdridud byedsik@rs R124
approxi mately 0.8V, thereby preventln? the over voltage protection circuit

from acti vat3ngR130 anvh eapasitorifel o hlaf andrsl29110: A and U 10: B provi de fast
reaction speed anglsw 89St F@g’gﬁs‘ag{e" %)iéﬁ{ L3 RS8R Re P VEn LEORRE M &rlafti¥8has

Each conparator h a speci
cleared, by virtue of the feedback action of dicde DN120:2. This feedback keeps the non-

20  inverting terminal of the comparator U110:B below the reference voltage VreEr, 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 U1 1¢ fo
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 U110: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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6 JAN 2006 typical response tine of about 1.5 ~Lsec with about a 5 nV
overdrive. The input offset voltage has a specified typical value of about
2.0 nv at 25'C. The input to output response tine of the cogpN200srs with
inputs driven to the rails is about 90 nanosec. In the over current
protection circuit 130, the tine fromthe input VpFF crossing to the

MOSFET" s 90%&fidal P&ipBhse Pm¥@s aBRAI Y @c bt oabe8im 8. overdrR8C The At 8 M8/ liage
vol tage protection Circuit 120, the time fromthe input VREF crossing to the
MOSFET' s 90%hemna p;mcnﬁed@pmerb’@eﬁuﬂ eftbltoot e mﬁ@ﬂﬂS Z°.0The spat to dritputresp®nsestime of
simplified bl ock diagram of  an exenpl ar ros det ect or 10. The zero
cross det ect Q}eqoq@r%gmwtgggmgs b‘{eni‘éf’l{? ral %§Sa Hé¥ pHj0sae Anithe PV cyurdes a
hot zero cro [ !

rovi des a nBoeaRSEeR 8 B0t ine Bkl Bl bR 83 VOSEE R st
i's conneci edwae nfeaberied] t@be wbdia 3. 5Thec Mt theiver esisdye prai@fridmetdudr I90f Bhe tind fuin
of the detectors 1121 and 115 - |If a neutral zero cross detection signal 1is
sensed by t héhainpuopraseesng todits MASKES 6l 80%ran priat whameaseetiorheadpiiohlivsea
three wire connec nd the .t e node. i s activated in

neutral zero cros 165{326? A Sl e&ﬁji?é%f(alﬁ%%‘gfaﬁ’e‘ﬁ‘tepjfhalﬁé?r@cctrﬁsvg%i%plﬁﬁsg&?e
for timng. GeherMsSRiectdr 1119 BRI NR6E AeftPérotd dectdiPl ICOMAOGHLABs b BoBzebdVBross
wire connection and the two wiré node is activated in which the hot zero
cross det ect dgiﬁct‘;@lgﬁahﬂlfﬂﬂd miehtalasto @ll@sse@qt@crtonhw ihet prowuies @rnetﬁu ahznlg) Cross

Regar di nPQj gﬁzero Cr 0SSi n ete ai a@ an exa{ﬁ) thvm

further FECHR ERGr %8% ¥ Fi‘%’h“ 5 FHESHS 'Q & PeHiE SUE eefB{Cf‘B%HOC“’SSOI
signal, whi Ch90 $nd#$@eks the oﬁ’f}ﬁlt bde detek®riPHEand 51 ACEQmRLirgheth Mosk I iidatsignal
zero cross detector 112 which is connected between 20 the hot term nal and
circuit comribrsengid ihe neigrapbecassor dghné srdsterminediatihaseanaston iy hiasarire

t hrough the bhod L ode T ) e _hot m nal
t hrough t he 683{’3 g 0 md%fe tkﬁ%ﬁé%@%%g%&?‘%ﬁé {é’gﬁﬁgﬁéw t{a?ﬁér\g TR deéa ﬁ%

potential as mghBEﬁ@mer@ﬂethﬂﬂ dewbtat 184 isdised fgr tichigP CRhérwiee, tak Hetepaihed Bfat tilee
AC Iine voltage and will have the sane potential as the hot termnal during

t he negall vechaneetion i atvaf WitREonE iR éll@ﬂ’lettaf@ém@sloﬂéé‘i atiypied e yhiphdhebat zero

di vi de down b en this divided
down vol tageHr%%}(:é%!&ﬁ‘&bSl &élg%g\/t&%oéﬁggg %O‘f\% T%mﬂ{u g on, thereby
pul ling the nor nidgirdiggite zhtcgctromncg’ ONEQGELISN bn pRAthple IHDWHIEE (sszh@m it further

Figure 6), to circuit conmo m cr oprocessor senses this transition and
t her eby acquidpiad in ﬁég%ﬁog%wfﬁé@ntqi RslaptizarooT st dedertion sigaah sduely is 1ged in the two

capaci tor C6}c5330GL §&oﬂ§x§i/@h&£& iSRRI &655 dedQfNen vﬁzﬁlg]]m Ek\;e\sl&é)ﬁﬁel@ét?&t ﬁ’él,ftg?e&?'

of the electronic¢ control stemi1s connected to the neutr
desi r abl 20 t o tlaclgutiter@ningdrand ciross commoang Girduitravatranisfooonedidtetortbeltimahed Roto
cross terminal through the body diode of MOSFET Q102 and is connected to the hot terminal
through the body diode of MOSFET Q101. Circuit commeon 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 1s desirable to acquire zero cross timing information from the neutral zero cross
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Page 13 6 JAN 2006 detector which is connected between the neutral
termnal and hot termnal. Acquiring zero cross timng information in this
manner is independent of the connected load and is not subf ¢AN 2086
variations in the | oad which can cause zero crossing tinme shifts
particularly in the cases of magnetic or capacitive |oads. In addition,
zero cross idefeandrathion iceunnbeted datwecee thenepuahtewh il bftEhel teetingni Lc@aitd fro
systemis applying full line power to the lLoad. Wen fall power is being
del i vered t ¢Tedsdinigdnivgmation i ey mamies isdpéepsndentad ey camectdd adrand ipneiduce

[ | b . i Nal h ' h i.nal , .
Cubst anti al 1Yo RE A S bEREI AR RRE e ot BT G R bR RSB i inge

bet ween t he daeds dfefidpnedt oabghaetilveUbdds. C0addIHon, Herd bR s Rifbhdtiod @A b h@fifred
detector 115 creates transitions in the same manner as the hot zero cross

det ect or 511 2vBatvhieRdhoelepienis corsl sydem s epieingdull tige prwenEUle ked. When full
m croprocessor t . r rBnCHASS, det ect ar l;oys two di ades
that the not2ere tread Rurabld Ay 188 R0kt SEbSEAae By TEERE i ellgd

emitter juncigmulbefaubs airsos te@misd QndBiifer @Mr¥ARE Birtinal iabSatlsabashtl-BNEhS Same

vol tage by blocking current flow when circuit common is at the sanme 15
potential asot¢rdishand thas thaials subseniélydw Oétege beetesn dhg ketnerntingwoflcgeyit he

hot term nal wﬂ%Ch woul d undesirably trigger the neutral zero cross

det ect or 115@?‘1 tie positive half cycle, when the MOSFETs QLO1 and QL02 are
non-condgctive. Th gD pEre Cess AetcdRP | ERBrelf s AV stiVREIN tBE sath€ HARKGER IBORot
such as a Mdtorola MC68HCO08AB32, as shown in Figure 6. The zero cross
det ect or ded€rd pioes daiester piohidhe ovtpriighadsare cpppanied tafthe MU lad Gmicroprogegspr
as neutral wr ' [ r i 1 Cr r e

neutral wr Olﬁoﬁ%gc%?%ln? 8tcgc§:3 g%%%ﬁ?? g%bgﬁg\%gg?ﬁfg@a%sh%gg%rdg S Flom

the zero crdgg dirk a6t: dioda360 ploedttho base chiieepjunondsy of tifigisi@rQaif Bd dne ukéeatling
Wi re connection detector is to.indicate the presence of a neutral wre
connecti on. UHatedaeverss volface bydherdeny erreabilawt BRercEr Ul U isiahths e on to

t he m crqpr t Lehof the: t f . | uld. he
25 used. S0 RGP paE e bl ad e 11 IckEs Bip i EES: KO AnRA R ERa Wi
as mechani cakouldehéefiabb; trigaemihe abuteal remhaosscddtecs@nklorin died eaithretiadl ks eher
of a neutral wre and%\/&rﬁvi des information to the mcroprocessor as to the
state of thdbpdPPRFTGAE] apdh RUOL EmnonacondheiaYe- S megroprgeesser | O0grn diiany AERe

such as a DIff siMdedbesQit Sichla3 @ Mrotsig Hid CRHBOSABY?, 18 4hGRk & FiBre 6.

The zero cross detector described above provides 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 neutra] wire connection detector can provide

information to the microprocessor as to which of the two wire or three wire modes should be

[
wh

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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presence of a neutral wire connection. 30 Figure 9 is a sinplified schematic
di agram of an exenplary steering circuit that charges the bus capacitor C
10 through the neutral terminal when a neutral wire is confedANRIPage 14 6
JAN 2006 (e.g., ill three wire node). Capacitor ClO can be charged through
multiple paths, fromthe. hot termnal, neutral termnal, or dinmed hot

term nal . ThegGapabideorirdmbae h.sCahaierd] d anbé BersfiDthrdighthiidld ey alndinede
D2, fromthe neutral term nal_ through diodes 60, 61, and through the di med

hot ter ni nalhot Fraih, reugakteprnal, D1 fypmned hoermpinabr The spaciierd ¥l is ehargad &om the
control syst t -0l . r Fyer I . i )
control | abl yh%(lggeﬁ%%gatl ﬁlﬁgu@ggji‘j@giﬁc gﬁﬁt@%?‘%@@é‘?‘“@“@% tﬁ%q‘gﬂﬁé@cg:tﬁg%fp%g El iﬂg Ru%l}
each AC | i nehyalnhidg@hbakfmeyrihecughrdiete D, the time of an expected zero

crossing of the ACline voltage, circuitry is enabled that opens a_

det ecti of wi ndow fEPicalgBior&rdWoewiae eleelsenis Copisnl sy waas coreolibe poweigipdivargd to a
signal is recejwv the, el |.C | [ S roni,zed to.the 1
AC i ne. vol fomLEE R el bHE BB BB ceTKE BBy B A fleqry iFon &Y
devi ce is. syaehr@iiAeeblize hblfeytlec @rivet Betitcsesdmectsd gaalcrofksiiy the AC line
el ectronic control systemoperating in two wire node, this control technique
wor ks wel1 \Wediase kéchisads epgjderhiveboness pdeteatien Windosy & jegaive plame aregssignal.

t echni que i j ~el:ect.roni. - i-ght j S. )

ari sos due +HEpGedsh o e R E st b PREbHEIbARE BRI g g
transf onoer . AdYipecaltagd @eltthonihe conivcdiohiofige: dohanlhlly nenductive datiee iskynchronized
chopping the voltage applied to their input termnals at a high frequency
and st eppi ng® tléﬂﬁﬁelﬂ%zﬁﬁ@ﬁ?ﬁé@g\ﬁéﬂqabge t hrough a high frequency transforner.
The circuitry to per i i L on: r i if

dependi ng on the lf’cﬁpaf&% ﬁ%ﬁoﬁgg%nﬁgpgﬁgﬁggﬁﬁr lr?ﬁg'%t‘?%‘ﬁg?dgrg’ntg{rs.&%%%%ggé

i nput vol t ageoks wetlwhdnythe taddl isnpedéare ihatmatlyutsisivey When tHihechidGuezappewith
circuit is not rupning and the.input inp fance of  the transformer is very

hi gh and t hesledtiopis lorappdiage sghigre fongs 2 piablera iees s i s RBIP I FOPEY: imRedaRse o

val ue ofy st herhé’Qlle{:ﬁ‘&‘ﬁc Ry %Bﬁ%gsettga@gg%ﬁgg&rvyoqegg%1étcﬂ%nﬁhsamo&a%@%&s?&nﬁegglsg@me

Men the | ine voltage reac e chopper Circult

runni ng and tyhghoppingtihé vplegaenpplieb®ahtir alpuy tedmapds #ta Hiple feqpedanaé stepping

presented by the. copnected |a | oad. . . itionally, _duri t he period en

t he chopper 9o the CB?W % gﬁﬁgﬁ?%g?’i Bsh‘_gﬂ g@ﬂﬁ?ﬂ%lt@){"f@“@ﬁ%r en‘@rc\y‘?t}é)’ 'é’rﬁﬁr%_%hml

| eakage pat "this"bﬁlgb[tﬁﬂg L8%on gpe,'i_’at@ﬁn Jiﬂgﬁhﬂﬂlogésecfép'éﬂ&lhg of I Tn%ht POIBlEM thel Nce

the | eakage currents are vari able and based on"nmultrple
clectronic transformer. When the input voltage is low, typically less than about 60 volts, the

20 chopper circuit is not running and the input impedance of the transformer 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

b
Lh

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 iput 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 variation 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 |ow volta§dAlY a0 or mer at
the start of an AC line voltage half cycle, effectively causing, a variance
30 inthe initial conditions for the operation of the electronic | ow voltage
transforner aRygichialb w@é’Fh@etc@nﬂii@l' dlectvalEcdnasl §ystéEﬁ's%cH§§ tiak bOR L RESE &G ller,
with the zero crossing detection circuitry of Page 15 6 JAN 2006 a typi ca
two wire phaé@a&@ﬂau@ﬂ: ae instabilgiile theoaera elosypg signpl- sthdhingtbiliimin dfe zard clglsmnglg

controller, caus St | it n 0 Cro ) Thi s
instability Plr% Nl ﬁém? o %P%é%r&ﬁbgr IE%E%%{C}H#‘WL‘?%%E’E é%%éancqnﬁgﬁgw%opbg‘?wetdlff@lcles
conducti on t hAgtiek atm@ké;(wfebpjnltﬁ@h@g@@dgﬁlp\(@ddew ces and thus a flicker

effect in the connected lanp load. 5 In order to stabilize the zero crossing

signal avail abl e ilmordes tawtabilize the Zevo crassing bigualrayaileble ontwowisysodmfor an

oper ati ng an ctoroni c OW VO e transfornme I S necessar

oPabiii e tnafeefibiicaphio) DN Rt BrEC e HeloEoleE SFAEOPORS s Prgessery to

el ectroni c | guhiBk RIBiitdl %n@&&ammam&rmé uZ &I RACRHATThOElefoftD 1A vbithe:

vol tage half cycle. It has been found that this can be acconplished by~

all owi ng a vmaysfbnn@fnqaeﬂlecx@ra)mowmluﬁan AR lmt vadiege halé ayclehd has dpeenfound thaighis

zero crossin t he A | t age hal odi nmen

cont ol | anl yoa B atrernsntbty BB AL ane e butt el o aRtraPRdy Spaficdr e Tme of
control | gd tﬁ;@&r&@ﬂs@é&ﬁ%'@‘f%efﬁc IRedidiiadd R cRile. aRMHe AR JIFHERORRCRRES My A
time about 1 mllisecond before an ACTine voltage zero crossing. This

brief peri odcohdusgmedeticom thastectrhpicACuirplsysigs] sagatrpded/ierhe qomlwtw@bsaldurzélon

val ue effecti et.s the i.nput..capacitor.of th ectr volta
et ormor - PhEtd B8R SO R R RRBEl Oy ol A EFE AL Bnd PRI ARES
the zero crogfisiggs qﬁfﬁlvnetflibéhoﬁ of E@RRbNGdwhbn tHehRCaInRGLItaR & veRNIdWln Sstudm
Fi gure 10 is a si di agram of an exenplary circuit used for

el i minating velke eir’%stn%j rqsp‘t,% tbﬁFlUﬂJﬁbcazJém@Df&fdh%ﬂﬁqI@il@W vpltpggdemsamertoms t h
the presgnt inve X

opor ot of ¢ KOV afePl 0l g (O RTRS Habinkl <8 AREIE yighhl i Tkl
control | ed tql&ﬁeammﬂtmsj‘;ﬁéma predeterm ned | ength of tine at a
predeterm ned point in time of each AC |ine voltage half cycle, prior to a
time when the ni cridgrscksis@rsispbied blo,@led@gr?ém o3 pRETRRIEECHTCYH URpH U linEaating
three wire oper:

conduct ve ¢ RFoLROROF e geRREARIRY Sehty P ho@Riy bl 18 B pEAARl bR TRl it
200 (such asesanglagctimiiy diagamwsyol tage transfor mer 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 microp;'ocessor 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 elecironic 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 elecironic 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 (Vppamgr) from the

hot terminal to the dimomed 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 ebdaN pFiec | 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 I'ine vol t agedicsiveeduel bedutliyg theaisnd pregedifieay alCt gevaliagp zery @sSsitd) hei d1BE
(VDIMVER) fromthe hot terminal to the di nmed hot termnal. However, when

t he MOSFETs é&macr@fdbe éﬂ@nﬁfblﬁ cpagdo s AC IR vobiage Ol aunyethedoiacadion@eiony
the time pre " n s
across the. diiisn 80 (o Bellst ARSI ARl b Entide! 8% G inge

drop across abhkeao Icha@e Zﬁgalﬁ\ébﬁiﬁfﬂ)real@@&%@NSEagﬁ ddterakagEbcthe rdeat intthe Tiad hot)herlus
di mer, the capacitor. C2 is_ able to char e toward sone break-over voltage
det er ni nedl byaysss the caamiqu "toﬁég? Yanmzede barkver shangt gieyld breothemvies: %chsug@y, the

VDI MER t o b%)zicp\\/&{a {% tjjgm;é ﬁ'%ldt ?&F%E&?ﬁw&e éé%jgﬁ)'sglﬁp a¥n et{l@%: ¥v11 CBQ\pto 1l e

vol tage VLOAD nmay s Fom one zero crossing ion wn

to the next neki)eiegdy atisgng: dinensivoirese Vol hageo VOIMMERbot fb@nione ool @b@tﬁu
fromone zero crossing. detection_w ndow to the next, This probl em ca
mani f est it s@Ftecheon yandosy tosthe Rges i Thipprablepyean mfﬂluf“@kE?el T@éﬁ@éﬁawgiesa&ab Jedight

ends uhen { heLARRdbli gy s Thes B0kp iegnay! ousl y di scussed, Lo

elimnate th two wre transistors Q 101 and QL02 are
controll gd to be Clreelifotel nepl(eﬁﬁﬁslgﬁa:udsreﬂvtﬁ dhingihte tlole peoblgan éd eve mitenaedd, thve
per| od (e.g prefera east about ~tsec, .and _nore preferably about

"25% 108 3 ehusieend) alant Al ismerapliations BRARiTEABEA T G erar & on
start of the Deic 2610 6L 833001 ISLECLOD. WA YANk: STHS.LEANSSL015 QLA Ao

and’'Q 102 ar ive |nevotaesu |C|e

break-over theodd 360 bbed) Agd ltmd:oﬁﬁauedﬁlﬂq»etﬂo@rwnaﬁ@m Hefor® te ﬁﬁh@ of Bel2zPzd@b e
controlled to be non-conducti ve Erlor to the start of the zero crossin

detection wicruising dsfacipn nm@dQWa k¢ @@W%@I@lelandrwl(@ aye ponixadleddatbe sbhdurtive at

be non-copduct,i ve, .t he roc ssor s .a ze S|ng
det ecti oﬂgw ﬁ‘c}B}F\/ ‘é’ﬁt&g%% ﬁlen l?r? Y1eé th % l%ardoiésoac;[g ee%z{ngﬁ{c‘rs @68? 8Pt he
zero cross SI(?I lare Bi@tf@leahb e nbhRoA&@ICEVE bﬁéﬁiortﬂe gratiegthorerd Orosbing @étekfon
opened about mllisecond prior to where the zero cross signal is expected

and closed atiodew2 Afier Fliesfé@ﬁmﬂﬂﬁs 8X10é eng 811Ag appers@lled ebsmhen-aendugtivatthon
];)8; p\(l)\/(sllecgf t gﬁnlc\:/l%i)g&:—rgsgo? 1%8 ()Pen %t s?zrzrtsaarz%nf gl%f%smé ldgtgctﬁoch \ando%oajl}m%l{)%tg'n\é%lgn?{ormg

tap ero crossin
det er mi ned byhd heodask dedcrt fl 0 Foruporera ct@dk gighals irefefabty, @bé r@bicEossing detection

transforners for use with the
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 conirolled 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
loéd 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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25 electronic control system 100. That is, the MOSFETs nust be on for a
sufficient period of tine, at a sufficiently high line voltage | evel, so
that the control circuits in the target set of el ectronic terxsRo0éers
break, over into conduction, thereby causing the voltage across the load to
be returned to a consistent value fromone zero crossing detection w ndow to
the next. — TREtABXrAALAreHsE dndeRyifchingWHidCRn &g o Ve i (B MOSFER 1P6 @fafiple, the
controlled to be conductive 30 for the purpose of elimnating the '
instabi ity &ngehtheMOSHEIsss¢ allpsedinarmpin Ld@mdmﬁtmdthbynmdstelyf it tbetsursuch

as the effect_ on.visibl ight.ou romany lanp driven by the el ectronic
Yo Page 17 e G dgts Er S Rthe HRBIO AR Sl Petre et et Fon

| osses in the MOSFETs mitRiprévedsR|1€0 nidiftord AP UAE flehBel¥oRhE Betedfimhea iRy the tr@xt
remain in _conduction, the nore likely it is that curréent may flow through
the | oad &r ekmtcressng dajentioowipdewrall Hermpereds Prafeoabdy dhel eeioraessingudsitectithe

m croprocessor. 190.nmonitors t.he lin requency a term nes where.th ext
5 ert or oss METHLELRRREn 0t HG AT 1o M ETs bRl A by SR el g al R
crossing det @pbhiOmY, W ihdQMedstreaRRABE ofthean ¢ 1178 v@fta%yhatlpqtcué. THReulafXReat ed
AC l'ine voltage zero crossing that is about 10% ot the nmeasured period of
the AC |ine wvubilirgiomaf theowrd eossiignad destnibedelouis cantaldei iniprand ba operatipeofer o

cross signal descr.ibed above can alsa inprove th perati on of | ectronic
control Syt EFCBREPARTRG SHEE Beia e (Bne R Y Ruatrgnene: e e
any 10 | egk- magél&hfaﬁs%&ﬁﬁﬁb ElR6ir&hie ebhtad)isGsteMhitH o NabeR fle@ledibi¥ low
through the electronic low voltage transforner that nmay adversely effect

t he control obhegs transffrmehghat inaytadsensely ebliectrtbe contyd teangnitg\aiiihe ictastrionig cogiralc e
inthree wire de opgrati.on.of .an,electronic control.systemV erQ ,
Crossi ng si gRETCs AT IR FBF PHACR ST B ARFAoRP R et o R
the control | gBloyeros@ipiiishdl Ved&ert @rsiin B@Mot ekl @af itcidunal tdnniiagind bentiollaBly
of the AC line volt a%e zero 15 crossing while achievi n% t he _above nentioned
advant ageous cerdusgie deyicospan remgstanguctiedbiongh daq ime of thesACrie viobegr 8@ and
three w i npl t.at i . I ' ) LS

roset rebar dbReSg st RR Y ik RbO bonddaEa 38U RuileB3SLAR: bELEL ERESREC i g
ref erence. 20Qtabilgdtien.121 is a sinplified schematic diagram of an exenpl ary

hi gh frequency sw tching ower supply .in parallel with controllably

conduct i ve devi ceslusoer bpdtwonnd thisgaviresigpbrpentatsmsgpisiarably) bazemrqrasing

th h th LAl i : i i t .
of 1 obontly CoatbatPls AOR e lRRleGt (Y1048, TiGSUdbeNL il CHMEGH BhrolBosing. oo
QL01, Q102 t geference.

20 Figure 12 is a simplified schematic diagram of an exemplary high frequency switching

power supply in parallel 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 conirollably conductive devices Q101,Q102 t¢
low voltage supply voltage. The present embodiment comprises a combination of a switching
25  converter connected in parallel with a pair of high voltage controilably 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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| ow vol tage supply voltage. The present enbodi nent conprises a conbination
of a switching 25 converter connected in parallel with a pair of high

vol tage controll ably conductive devices. The MOSFETs QL 0lgQuNO20osi n Fi gure
12 represent the high voltage controllably conductive devices. The gates of
t hese devices QL01, Q102 are driven by control circuitry powered by the |ow
vol t age powegorSiRiHgypokas froth b highordHape doiys iceMow Toltdde Jo&BGR,, chBrSIAMLRRH] NY
one or nore electronic |ow voltage transformers (load 200). 30 To furtHher
descri be aspwbesapthetroaver aurmy iobHe lavenbinn das bwpRicidncy ehpbowditlat ber demironsy

power supply_ used fo rior.art two wr i ISqis-typically about 10%

efficient at Page ! C p I urce
b St ot Bre of T S0t TOP P, SF il S bt bl

to a | ow vol ¢ag®] kRadts bbdut 0. TR wel of béwel woll be didyejaeaintihe ppowesupsHPIhY

of the invention has an efficiency of about_75% For electronic controls

syst.em r équi gsnetplohis s ertdhepn eFicabiant B9 bloreuemprsriagswith the lopestaeiency of

Lhe power " suisi§t & ol sRamh bretigh bk btk brogl SRR Mo B MG BN ol £

However, assgieeatesapd bitptih@uteary Géddralye ma/%@k cutrfBgt iBff a CAleaPPIREr SIPPRIIY aBll €

hi gh peak and average input currents into the power supply for_ a given

aver age out plgesicifrtiraes the gseragapptput qusenp iy the casgrafdwe Wit mode dipunssy the pwels

PR 15 k5l L TR U B RS e LB R B b1

the conngct eghake aﬁﬁibamoﬁ:@ygﬂtitcm@rw @thetodf skkervitien thelthablliectidicsd, topavd heul arly
in the off state when the load is expected . to have no si@gnifi cant current

f1 owi ng t hr osighificant cprenhilging broagh ie Jhedngh aterpgrecusrent abihe satwar pewspsypply
when directe r e G- :

1T oker que PRbRGRHAG) ARaSCE! RAGDIC B VAlbe danttile ATRL-CRIENRT,

Addi ti onal | yyaridteneiif iheizercotoss siged ac ddscribad alpeee A dilitpplaily ddik effidéaly e tikscat
the difference between input, voltage and out put vol,t%ge 15 i ncreases.

Theref ore, opREMCHERINE detgriowigs a5 bl IsTRppe Veieyn hapuh Nekiaes 48 qutpyvoltage

mllisecand : of e Jd.ne : ] '
i ration. TREST A ol e Tl Bl e L DO A b g T Beond
suppl y cor r espidedi® iihy vohusedier heetonpodsingaa fueianteand litdtatiohs & hsi lgnit bf aatilable
if a small additional. aver %ge out put curr fnt is required. In cont r%g[’ to the
di sadvant ageS°TSRICH PR BRI TRF tha et 975 RET S TP K CoRROmiEY ceinsitye BPut Rl cpgyent to
I nventi on .hag gpy AREYANraGGRII ﬁﬁﬁﬁ%o%ﬁf Wt BRI LR YRfLIMPPl Y 'S
preferably about “/5% “Therefore, for a gi'ven power requirenent of the power
supply, the aver agecanthspiedke dispdiantagos okthe priof att pewonswpls thpbywafsupply of the
I nventi O M {Ilvegt?ons f1%n$£1{ycg£/%ll%gés9vﬁ{e etfﬁmgnct:yhgts e %BwtahSGuppIy is preferably about 75%.
Therefore, for a given power requirement 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.

I
(W]

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 tlu'cl)ughout the duration of the AC line voltage half cycle.
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prior art power supply (e.g., the cat ear power supply). These |ower input
currents are especially advantageous when operating electronic | ow vol tage
transforner type |oads. 25 Indeed, even a power supply w theéaiaN200ci ency of
about 50% represents a significant inprovenent. Further, the efficiency is
reasonabl y i ndependent of the difference between the input and out put

vol tage of the povwge pau%pls%aplfeme ,mﬁéhﬁoﬁ?ml-aﬁwey aQlick BSeR¥eAS 1 RRArAtR et
limted to operation around the tine of the AC |'ine voltage zero cross as IS
the prior aréccomplishithe gienyeng doywp oy the vodiegel, It hefapphntihvenstiaysy @flingteskill

power supply. of t invention is.the 30 ability to draw input curtent i
Phroughoor + gar kG RRenRuen fisdoesly ek ink e L flreiBibhs BN, Agotte:
2006 The powgichsdbpBlMragibn id@ciMbas E@iveREef erably uses a buck converter
configuration to acconplish the stepping down of the voltage. It will be

apparent 2o one hdhemayveniidh nayybesiuitiddied in théorar of appeapristehenmpdten sifievare,ir gin

frequency sw.tchi ng_.requl ators be e oyed. Anot her. uch confi ation
< the 11 ybatie 18BRVLPSEP AR HetTHrs & FOMTAp o ol Bboar e PR RO
appropri ate GAMBUL &paftRicl M6 The §iril dhd dcbfe LM REscAPRYL SRIdma tFurihaF 48N €re@hirding
conbi nation of appropriate hardware and software without departing fromthe
spirit and ssuhchandwarh@ngfoe sefrwaiershewldibsrappignt toghe ddeaint genesggrdling  such

hard d/ f houl d b t.to th I I lic.
Accor al ngt y, “PHPHE qBLe L OSSP SO A AP e OB A Be DT AT o
are not feligygecdkseury10 be necessary. Although illustrated and described

herein with reference to certain specific enbodinments, the present
i nvention is nevediliiongk dlustetedand ddedibed hirein withtrefgrange theertign spdcific shown.

Rat her, various modifications. my be made i.n.the detail ithin the.scope
and range of™ 8Wéﬁtseﬁfespr8§enf H]ev%ﬁ?%ﬁ heeirgsliens J[nt%glsgltcm)%!;nﬁegﬁg fl}?eC%Palls T’
invention. 1lghdiageRABed vadAbhs2A08ifichddnsi Bayb@hABein e dbtaildWighe e s0PpCand range
control systemoperable in a two wire node and a three wre node,

conpri si ng: af epiedens ofhfgickaims andvitheptidenaging fom thainvgntierut ral i nput
term nallsand generating at | east one output signal, the out put
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signal used to automatically operate the electronic control system in one
of the two wire node and the three wire node. 2. The systemof claim1,
wherein the at | east one output signal conprises a hot zer@JAN@®96det ection
signal and a neutral zero cross detection signal, and wherein the detector
conprises: a hot zero cross detector coupled to the hot input terminal to
gener at®athd sh6t24®ed iGoss detection signal; and a neutral zero cross

det ect or, coupt ed 4@ rbhecnestt )1 isyRYLR &@éﬂgm@ ihOa0eReraf & tkRenghliral zero
cross detection signal. 3. The systemof claim1, further conprising a

ni cr opr OEESS e B eFIB L Ae et ect or to nonitor the out put signal and

sel ect one @f dtheciow Mb¥indogdenand ibpert Reeeimr ean®@de mespeAsi vapho the
out put si gna 4. An electronic control systemconnectable to a sour ce of

electril t, Yper BTETI Y tHo WEPECNGURE aMtFRR Y hF B Ui eTADISUEPUT
conpri singha hQstedt lemaﬁh&lomaﬁlddlmd:ﬂ’&fatbekﬁbnaﬂecﬂrdﬁﬁui rédntrenmsgatemand a

power supply, the power supply draw n sup current fromthe
sour ce b‘F) Oé%e&fritlé pHWerw”ﬁh@¥%‘? fhitge pB&% e é“ﬁﬁﬁl@ %%rrent only flows
between the hot termnal and the dimed hot term nal when said electronic
control systﬁ%n IS qper

atin ai nd wherein a i on of
sai d po 5 Bt S tllsT bt YR 1S ot BaF b f . S gt PaFL
term na&omﬂmmesaadh@tt emrroorcureseo@étremtlosysi@ml smeper atigel reesal drébs ee
wre sup of claim4, wherein the power supply
conpri sg%t%iﬁoﬁhs?g%a\aﬁ 8;9! g%\%f%*ﬁ %&epg]ﬁﬁ S Page 21 6 JAN 2006 6. An
appar at us foai leontAeabl chgst hee @it cohp pedvero d:@!lel veredlnpdit omaraiselr ce of
power to (%adg n%)rtlsm% afirdstt nglntelrm and a second main
terminafs nerﬁl FY i fernt nal-“conneéct bl t8n ai d source of power and
sai d second anmaeatter nzaab connectabtetdio sanplddatk t ohal hewteat r énputo fl ow

from terminal to generate the neutral zerc cross detectlon signal.

3. The system of c¢laim 1, further comprising a microprocessor
coupled to the detector to monitor the output signal and select one
of the two wire mode and the three wire mode responsive o the

output signal.

4. An electrcnic control system connectable to a source of
electric power, operable in a twoe wire mode and a three wire mode,
comprising a hot terminal, a dimmed hot terminal, a neutral terminal
and a power supply, the power supply drawing a power supply current
from the source of electric power, wherein said power supply current
only flows between the hot terminal and the dimmed hot terminal when
zaid electronic control system is operating in said two wire mode,
and wherein a portion of said power supply current flows between the
hot terminal and neutral terminal when said electronic control

system is operating in said three wire mocde.

5. The power supply of claim 4, wherein the power supply

comprises a high frequency switching powesr supply.
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said source of power to said |oad; a power supply that draws a power supply
current fromsaid source of power through said load; a third term nal
connectabl e to said source of power, wherein when said thiggaArerppgal is
energi zed by said source of power a portion of said power supply current
flows t rou%h said third _termnal instead of through_ said |oad. 7. The

appar atUs of*cl @A UiRhet i nCRAT P Firet e iR naf PSWeEBofféctabi® to a

hot terfdonak ebusad drseuwee ©f Pawat. cSrprfitgnapparatus of claim7, wherein
said first maiﬁirtS rmnal is ,connectable to neutral connection gI sai d

REriE MHE SSEEIETnSTRT Bl APTIS TNt HeTOapr | SPAY BLER ode

source of powe
that sier egaiidaporbhmeciofbleaitth pover ssuppkyotupbent thoowghdsasebidird

term nal_.instead of throu aid | oad. . 10. A hod of reduci flicker in a
R i S IS A R
vol t agesaicionpnisd ngf polerstepsiof 1opgpvi ding current to said electronic

t ransf or ner thro#eqrh a eries .connectabl e di i ircuit rein sajd

dimm n wh
current flovs FOF°a U seidet G651 f‘?rg?w%%naﬁ%?f n“EF e ngﬁoﬁn A 1% ne
vol t agesdalck ofymivesr ahdopgloviadidngoadnon- overl appi ng second conduction tine

in the sane |.f_cycle.of the AC.line volta just prior to the, next zero
e ose e or % nAika XEE81 L) | e pbE YO LARE Lol d el i Br R 2y
second wemductiidon:hiime tiegmankilxed ampugtzefl bynmsaiBageu22e6 oFANREE6 212. The
net hod of .¢laimJad0 erein _sajid f.ixed a nt .of ti i bout. 200, .
et oa Rt aoR! Tt Oe ol o ot g Ly o BB obul Mo bBaR oM L 0hga |
time errdsiabdbuinsiGe@ pifcrliosmeodndsibBeiord. sai d next zero crossing of said

7. The apparatus of claim 6, wherein sald first main terminal is

connectable to a hot terminal of said source of power.

g. The apparatus of c¢laim 7, wherein said first main terminal is

connectable to a neutral connection ¢f said scurce of power.

9. The apparatus of claim 6, further comprising a diode that
steers sald portion of said power supply current through said third

terminal instead of through said load.

10. A method of reducing flicker in a lamp driven by an electronic
transformer in a system powered by an AC line voltage, comprising
the steps of:

providing current to said electronic transformer through a
series connectable dimming circuit, wherein said current flows for a
user selectable first conduction time in an AC line vcltage half
cycle; and

providing a non-overlapping second conduction time in the same
half cycle of the AC line voltage Jjust prior to the next zero

crosgsing of the AC line voltage.

11. The method of claim 10, wherein said second conduction time is
a fixed amount of time,
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AC |l ine voltage. 14. A power controlling device for controlling the anount
of power delivered froma source of power to a |load conprising: a first and
a second main termnal, said first main termnal connectableeJAN 2666 d source
of power, said second main term nal connectable to said load to allow
current to flow fromsaid source of power to said |oad; and a power supply
that draws a TiewsrtBepptly dainehl  firivpesdai daiddired sropowert andet b ough

sai d | oag,, sabgy powel,ssuppky. having an efficiency greater than about 50%
15. The power controlling device of claim 14, wherein said power supply is
a switching type power supply. 16. The power controlling device of claiml15,

wher ei n 13ai d PEWeI-theHPRIY di%id buck genvert enityRecswht eBhAge P! ¥imel 7.
The power controlling device of claim15, wherein said power supgl y is a
o

f1 yback ¥ige 28GRt chi Hy ®iiFprgconss The tfoRetdcBRtt oftith Pevilee @ m 14,
further dnghudi pgh@gecontrol I ably conductive device connected to said first
main termnal and said second main termnal, wherein said power supply is
operable during both tinmes of conduction and non-conduction of said

control labl y xxonddet b¥ye: femiice. ad9icd e PRl r60i £9! tidGindemi-ces Ofowdai m
14, wherein said power supply is constrained to run, o,nlgy during sel ected
tinmes of elREeAES I5Me dvEPtagR HalPPveycte.2 Page $8mprising:

a first and a second main terminal, said first main terminal
connectakble to sald source of power, sald second main terminal
connectable to said lecad to allow current to flow from said source
of power to said lecad; and

a power supply that draws a power supply current from said
source of power and through saild load, said power supply having an

efficiency greater than about 50%.

15. The power controlling device of claim 14, wherein said power

supply is a switching type power supply.

16. The power controlling device of claim 15, wherein said power

supply is & buck converter type switching supply.

17. The power ccontrolling device of claim 15, wherein said power

supply is a flyback type switching supply.

18. The power contrelling device of claim 14, further including a
controllably conductive device connected to said first main terminal
and said second main terminal, wherein said power supply is operable
during both times of conduction &and non-conducticn of said

controllably conductive device.
19. The power controlling device c¢f c¢laim 14, wherein said power
supply is constrained to run only during selected times of the AC

line voltagse half cycle.
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