ELECTRONI G-CONTROL - SYSTEMS. AND METHODS - CROSS- REFERENCE TO RELATED

APPLI CATI ONS This application clains the benefit of U S. Provisional i
Application No. 60/303,505, 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 general to electronic control circuits and systens, and’

10 nore particularly, to_lighti control circuit n S. BACKGROUND
OF THE | NVENTI ON Ther e -a@ﬁ‘éﬁ?@a‘& ORLRME Sﬁ%&?@“ﬁt&@@?ﬁ%ﬁe to
control the anount of average electrical power delivered to a | oad. One
exanpl e of su _a‘@g' (O e -ﬁﬁg gt i ng dinmer to control
t he output of a @gﬁp E@MT@E@% y f&gﬁ)&qpéﬁ[s[ l\gfbcont‘rol ling the
conduction of curr ems dpplicatiph dldims tiostenefs o QNS IRabvigiohyl Aspiduigdn Ne. aéd3c@8) s
synchroni zed to_the AC line voltage and is controll ?d to clgnduct for

ot edet or m fed IRk Y & 200, S-S Applicaigr Ne. B0 L HoaBId et Hiy@00 iy it entiee

the load only g i.ve (Gl i of the AC line voltage
hal f cycl e. Thc{é ?%H}g;eeorsfVﬁﬁ%%@%%fﬁ@%ﬁ&%ﬁf{%%é%?e power delivered to the
20 |l oad. By the sane logic, the shorter the conduction time, the | ess power

delivered to t load, T rimarily two nethods for controlling AC
| oads such as ﬁ%&ﬂ%%gTﬁgggé%ﬁiﬁq)&ard phase control and reverse pha_se‘
control. A control Ikl YeeANainon 9c18i8Y inGRnéid] 1B eHRULAR coMpOl TR HIRNIUGY48Hs, Gan
be controlled by an external signal. These include devices such as ~“netal

oxi de senilOconderepartichiagy dodightng centwheirgito prd §YMEBEET) , i nsul ated gate
bi - pol ar 25 transistors (I GBT), .bi-polar junction transistors (BJT), triacs,
silicon controlled rectifiers (SCRs), relays, swtches, vacuum tubes and

the |ike. ThegACKGROUNIPOMEHEONVENTIOXe the conductive and :
non- conductive states of a controllably conductjve device to control the

power in a |oad andessaeRashieppliceHensoshearid s Garstetamiebiageensipisveese
controll ably LG ' e ! :

Vol t age. 30" THICEL bFer dUHLEE R 4 Rad COR BLARICST Sbh oG M (o pPE
synchroni 2és dightiogtimahérablcyntradribriattpnief d éanie eA donpketygzally inofionkGypoweolliagd

contr ol the. SROLLShL AN oy PSR R ERISHELL VeGSR R SN e
to the AC line voltage and is controlied to conduct for a predetermined interval in each half
cycle of the AC line voltage. That is, the Ioad 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 !

20  load. By the same logic, the shorter the conduction time, the less power delivered to th;a 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 include devices such as
metal oxide semi-conductor field effect transistors (MOSFET), insulated gate 6i~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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then controls the controllably conductive device to be conductive over the
remai ni ng portion of the ACIline 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 tine. That is to 5 say, the
control |l ably conductive device is controlled to be conductive during the
first portion of the ACIline voltage half cycle followed by a period of

non- conducti on d b heeSBIRe 'ftag;é norﬁaf&l!dag:ﬁvmﬁgg@g hesg pBfich SR IE Hﬁ@&gtag@ﬂ&zf Hele,

is often used for operation of capacitive as el ectroni
transforners. Ithef oonmtengithp harsteoltablyt conHudiias elvicoiot realondydive wyett the remaining portion

controllably co ctive deyice, i 0 often rpac or _an SCR .These devjces
Con e cont Lor reh & Ciealeetl et ok Befat ol fRie S rinoarol e B Eege

controlled to be gondiphl ¥Ehon-S8Mu&Rh 28 lYndRtisRES r@&é’i‘se@%ﬂﬂfe%%éé?tchﬁne._ That is to
allowing the current” through themto go to zero. Due to this characteristic,

t hese types Sof sayothecohtrellably eodduiveideeice iswonieelledrte bagendistve fenng e rs portion

phase control based, control systens ere.the abili to _enabl e and disable
Ponduct o s redit Ao otieRBeF e UEHEs b oot bmisdpRdon p Bhcrme R0 v
in order to povwsicld NEHe'm@BSPE RV @k plekeEdnt@NistFen HeH fot Opatiion omﬁyci@mbml S
require line frequency related timng information. Controls which only have

two power ter nmidvghgs pgvisoronBagsfornissse terminals (the hot termnal)

connected to a hot w.r r ) @99 i nal

di nmed hot term na},\f)nl fggjgir{% P%sg%g %t?cél%%lsér%l&oﬁﬁé‘fsﬁ{]s na ﬂ%efh(%g Fg%g.y E(%gﬁc{r}‘gﬁ dse%ﬁg? h
this type afo cosfeect trian oaseSCR. Dhdse deviedsens 8e comradled 'td bono-c@iductivet arebsduciive
wire controls which ar with, their, | oads nust cf&ggt%%@y

e connected._i erie
their power suppPPE¥Td alea@f%?moﬂﬁ#] W}Eﬁ ‘i‘?f@‘f%‘é(f’fi%?ﬁ’ 0B P PRAS DR S

load can of t en JeyRn@ i Sfeh@BRR R0 tb TRBITNER0 tAScIRMEReristiBOneReyREEN |
of the power supply and timng Circuit 1s often conpromsed in the two wre

connect i on scheyamtroll#llusorductive devicagiareanat vsaddot feyerse phase cerisalbysaghnontrolsystems

control is wred,in.an L Lon 2 ere.a dral.wre is not avail abl e.

Control s which ‘P{g(\?/rgﬂéoanbﬁ@&tt? %ﬁ%blet%ldt‘ﬁsea o°t°‘%°r“§$%%§8‘}éﬂand neutral wire are

often refersred to aglédibheeonirsle heabitdetisa pMiatupplp éibidal todveer fitiednastdigated

source-of AC power is availabl e for connection to_a neut regl%t term nal of .the
e

control, the poWerrasifspiAfdeingallirerny o8Ol reguyF haf fT5AIESH T Yol Bpingigformation.
i ndependent |y ofohifls GAMRRRIERhVRRE polvBeRRYal8 ARG Gl 134 l?éi"ﬁw.filfh'w”@l’fflﬁ)t tdrfhinal)

many applications, a neutral" wre fromthe source of AC power is ho

avai | abl e. Therainoeged o claritried of assopee dE 4G praver endh thepalhed tentod (e dinmed hot

either a two w t%renn%%l) connected to a first terminal 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 rahge of input impedance. As such, the operation of the
power supply and timing circuit is often compromised in the two wire connection ééhem:
However, a two wire connection is necessary when the control is wired in an application

25  where a neutral wire is not available.

Controls 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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Page 2 three wire control, thereby allowing the control to be used in a
broad range of field applications with great flexibility. Prior art for
devel opi ng a non-isol ated | ow vol tage power supply froma high voltage
source, such as the ACline 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
S0 as to r echafrg& e EOREAY theRbPLAARE ARABLEOI 10 b§§§éa AN EPrahYPLERIL Y
operate properly 1n the regl on about mll1secon fromthe zéro crossing
of the |ine vohp@getiomSpeitiagicatflaxiliisiyde t hat tine wi ndow can cause excessive

ower to be dissipated in_.the power supply. The cat ear power, supply. has
lrOeI atively high pga gyt ﬁqrglﬁ"%@}@?%laéo‘?'%ﬁﬁedéﬂ?”r‘@ £ RS SURR}Y i@gg%g‘agﬂt‘@lt‘iﬂ?e

average current,supRhdiesh tho ACECRRRES Led BeukPalh ad s Bl Bhwa\apAge shapyt
current presents a significant probléemwhen this supply technology is used

with el ectrbni systaomwould ¢omgdect @EbM)eat thadint yplagegaropitassso @it reghargé amenesgy
connected in a two wire.node. . A su . for | ow voltage.cont.rol, circuitry i,s
eeded that  haselBn AU he RS U Ry PRl P et e P dhdisganilitond
Al'so, typical Bohihe 38lo POWRIE oF tRAlness thay eOfegibnlovlsiie thatl tind Rafdoincdag Rhuss0
15 that they require higher average input currents to supply the power :
requirenents oﬁxcte?%}’ft]a@wefﬁ?béﬂlsﬁpﬂte@illkﬁ%épg\”emﬂﬁer di sadvant age of prior
art power Supplies g ol hbiid GAY hl reARVES Gl eak U 1ioRAVBA L BHRESRLLAR
power supplies incréease w t he unt of carre requi rge to~be el1vere
by thgop?v\&? S ugptat (.’;o Eﬂeav::qagmdn?e;mt smgrbﬁad toi t?ht?magctenbmﬂb?& Tl:i_sﬂltg}j qv:amg@m}m_t e
nor e eatures an unctipnglity. es ures an uncti onal | require
ever increasi nﬁu%?%ﬁfﬁsgms 8f'& fcra@)rlﬁ"OWSm 166‘3@?\5@?133}’1%8 mtl‘i’l%”ﬁ W%%’ﬁ?@‘.’ ¢ low
Hence, it is degidRUELY)MRMYAR 0B pRAWInSsIRRInvherd Qnéctéd BN tdGnieOMoBS! ARRNSY
to efficiently supply greater anounts of current than are presentl| nil
%wg he

avai | abl e fr omfarypivaaltags ¢opirobeircupniie neesisp phat 8as ke dverzee triput povaots

iated with. [ t. P | AN : ] .
Tault condi b1 o hapflons; ARk oRRIEEIGURROLEEcurkRe ISk Bedl Sk htiticRles,

exanpl e, ouér viedtiegecquid ygter acasgednputcomelrts toornmpply@vepowalrt@de mentsdif ty o
can be caused b\ﬁ, for exanple, the turning on and off of nearby and
connect ed magn@PPcat IS. capacitive coupling to parallel wire runs with

s ga(r:guts rans i ent | oadiotiel @ithdVaBigSbf brid et éﬁ%r sUppBEs !igl@tﬂic% GRRd] ddvRis iCRR:
y, for exanple, short circuited | oads, connected | oads
: power losses in the power supplies increase with the amount of current required to be
delivered by the power supply. The trend in modem 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
fora Iighting control able to efficiently supply greater amounts of current than are presently
éwailab‘le 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 é.nd 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

[¥5]
(sw]

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

MOSFETs, have limits as to how much voltage and current they can withstand without
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30 exceeding the controls rating, ms-wire conditions, etc. Sem conductor
devi ces, such as MOSFETs, have |limts as to how much vol tage and current
they can withstand without Page 3 failure. In order to protect a control

t hat uses these sem conductor devices fromfailure, these |imts are
preferably never exceeded. Fast detection of fault conditions, and fast -
reaction ther .S desi: i (o[ ct L i i .
contrast, duri %ﬁlﬁjg'r grlgﬁlsdg{)gorbgé F%tlr}l, é?)fn ﬂgf trh gﬁ"esgg %%%sﬁegﬁ%%??gtﬁ?%éﬁ c\?\eggr? hpfaﬂmc’ these
conductive and linbitywe pedardblytneve extadded Bist Hdtespnd fiutionaditions, 66 fist ascide
controlled to be slow. These slow rates_of transition are used, for

exanpl e, to |i fheretoriddesiablege oudss toproreshibesflpdcst-ns as seen by the load, to
conply w th radiat .e%%B{iL £ONAHEL 605 AdLa ELequancy ok aL ekt e ence. (REhleive and
limts, or to limt vo ‘fage FIRglng ¢ used by ‘Inductive power W ring.
However, these mhawndadtes sttes of thess sdnriomdiitior deyicesranatontpdedtd rsiaw.e Theme slow
sl ow for adequate protection of t{}ese 10 sem QO@dUC vices. Th t here

) or d S,
is a need for pRiSE BEURRMIAN 9e tiedy 1T ERAEPIgR ligte © G118, 78 CufTaREHOEES BF Scen by
transition undeg I [ : J i i ! a]
devices to bee%?)feor%g*t%cf%\a#? h%g?é)mv@wrt%g{sdecg?‘ H{tldrt(]fadnlgihitoioﬁé}ér?ﬁ]l 8?13{31?&3?& rrg% egjgg?g{n?’nogl
condi tions. SUNWARY! GHtaEEENPRESENE bXMENTH GN\pavEer Wisngr Hewnaverj theselow mtesof
directed towards an ar%ﬁarat us iln an.el ectronic C(a)?gtrol Sré?tfm ich will.
allow two or t HPESURPEENBR B BRETARRY PV £t RSPt R OF W¥¥nt i on,
the apparaius erddpitctar fivides eThihs HRRCHK aRRYE for PHREY M n Wit Gty GRA oglahﬁ&ls)(o 3.0
to the operatin circuitry of the electronic control systemin both two and
three wire instiastiaies ehisansioacnderfgult eonsiénnrevhilespidlallopiing thesq sevdenndpefor daveces
apparatus enpl qyge JuUelAGH 1D Bhics S AiShBE Liad Bk SREREHE BludtifiRUL T al wire.
connection and outptts a signal responsive to the defected neutral wire
connection to cause the electronic control systemto operate in atw wre

node when the |, -\ i i and to operate in a three
W re node Mve’if@?%ﬁﬁ&@@ﬁﬁf@% esent. According to other
aspects of fshe i nventhiciteschhRvaRivariatidscteniohads ad apfireus iPEtelddroieS ®et0] system
whi ch can operate in _both two and three wire nodes. In an enbodi nent, the

zero cross detwdchikahpyirgesr Brerovire epesationo Sicoarkingcioaspection! threimpritass the
hot zero cross g g&%&ls e?]r%%ﬁ éinl{é.@géﬁ'x%le11ﬁ§?§\g&rsﬁ y %ti&lcéaﬂrsuéé@ttpggftgﬂ@rtgée §§er9{mg

neutral zero cross sig m Ccro ess responsi
cross signal s torcustyse thheeetppar atnirs! §yGtanpar mttetwomandribree fwitehi@sthiagions.r e

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 signél 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 one of the two wire

and three wire modes.
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and three wire nodes. Page 4 According to yet another aspect of the

i nvention, the apparatus enploys a systemfor stabilizing the zero crossing
signal received by the electronic control system when the system is
operating electronic | ow voltage transforner connected | oads. Another

enbodi ment of the present invention is directed toward the protection of 5

control I ably conducél Vo ISEtYCt ge%sangtﬂch%sszﬁtggmegg%gtmt He z\td}%\létta eSl‘t‘lg)ll(F}é&ISP ?Tﬁm G0

and 1 GBTs wused in nhi'c con ystem age

senses an oversiailiiiag ﬂleC&ftﬂd:rbBSMg sigl essivad B}Dﬂiereﬁ)éckraﬁﬂcyzoﬁml@yﬂém\iﬁteﬁ ed §8tem
which is in the non-conductive state and controls the controllably
conducti ve devegerebnpelesiauelay vltage rarsiaraey gomnpeted adsver vol t age

condition. —Over CUugpeml, &ﬁgc%ﬂt dtbf %rﬁ%@nvﬁ 1o % & cfe%%w&tja éf?é’%]ate@tmn of

controll ably conductive device as excee a pre et erm ne rrent

threshol d and @anbiidils cbﬂtrhtcﬁmﬁemelsamm/ascsemcbaoduom dteiceckka MOIYETSs and IGBTs

non- conductive sg.,as to ensure the safe.o ting area of the con roIIa P/
R

conductive detFEE #elREONES CUERE I StoTh OB JPERES DIFULT BT A ObutYolipes condit

desirably Confafc%t% e%ﬁttetlattfe&ndutmfea&m@mﬁs ﬁ{‘ﬂﬁe%ﬁfcbhdif‘etl@@ﬁat@%ﬁr@éntwls the
control path of the controllably conductive device and cause

control |l ably comtabablysoubietivedevice todn sprdustive sgpisdb yexbe\tevteeﬂvewnh@gctqoudxtland

non 15 conductjion states. Accordin furth aspects he i.nvent.i an
it ne oL L o b R SR ERh e b e iR R E Sty g B e s
circuitry im eff‘dcceé‘ded%\/;ﬁﬂdeaérh&ﬁedtdmﬁeﬁﬁh}dshcﬁ@Eﬁﬂ tdranidtas c@tt@&lﬁ@l@i condiREkOBEvice to
circuitry is used to prevent one rotgctlon circuit ffr mtrippi ng after the

other prot ecttreotwncqqnéaf‘ftverﬁasasat pusHERine Fafe pedatnerrRotihs eorietlably canductive
condition. 20 dh @ﬁ@geaceateanq‘h@btt%cuaﬁ E’i?&ﬁt?y et gttte desrn%@monﬁgoﬂeetdcmhwlt dan

becone' appar ent r he foll ow ng detail ription nvent i on
when consi der ebjpiags andrqvamﬁtel theyngvintah corties] pdb@ﬁﬁpmytrd@b@r eonidngive dBRIcERNd cause

Crvent 1 on, t el PRSP Yoyl B AR Fuly e R B B oo

preferred, 1t dpidogionsaest ood, however, that the invention is not limted
to the speC|f|c nmet hods _and |n trumentalities disclqgsed., In the draw ngs:
Figure | is a high ‘f*%%‘lhnﬁlt%@’f‘ & %F@F%t?r? 1e Yyl tefp 1}8‘§1§F§Wé)fﬁs|eﬁlpéf§’€6|ﬂah??€e

with the presgpteditY 8P Potection 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 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 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;
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30 Figure 2 is a block diagramof an exenplary control systemin accordance
with the present invention; Page 5 Figure 3 is a circuit schematic di agram
of a portion of an exenplary control systemin accordance with the present
invention; Figure 4 is a circuit schematic diagram of another portion of an
exenplary control systemin accordance with the present invention; 5 Figure
5is acircuit sche I L - QR f nghag :
systemin accor dancg‘?%/vlg'il fgﬁq% ﬁg{rﬁfrﬂe%fel?{?&ﬁl@e 1%@8%? plqéﬁbdglroeﬁg elﬁixﬁa Ci r-o}:’larﬁ)ﬁ%{eﬂl 0
schemat i ¢ di agresnrddncamathiibe presertiimventifn;an exenpl ary control systemin
accordance with the present invention;.Figure is.a sinplified bl ock

di agram of an exerrpIFgg eg Psaﬁgli’g{lgsr&lﬁpmfecb ‘?lﬁmé%ég‘?tagr%oé‘ggﬁ%g% ethmpﬁ@/ TEOEnt
invention; Fi gytQed ih Bcrdnd®lvithitBprbtepciaveiitagr am of an exenplary zero cross
detector in_accordance with the present invention, Figure 9 is a sinplified
schemati ¢ dfagram offigue &ieapirenischernetic diagram of anath¢nportagrefragameaplarst ¢tonitek
present inventi on; 15aFCi ?&Jaﬁxe %VO iﬁ a, sein lv!aﬁt}o%d schemati ¢ di agram of an
exenpl ary systé?ﬁ ER &Y A4GFIAnEE | rt}ihﬁaﬂ’ﬁ% se I hdication of zero crossing in
accordance with the F@gﬂi@@fiéabiﬂMﬁﬂéch&ﬁatﬁidii?manhﬂotﬁWi@{ f dol gxeid@lachi @ghdIs;
Figure 11 is a circuit schematic diagramof an exenplary load for use with
the present i rivepmilpaccopdpnre yithdheipresegt Mvpptivak di agram of an exenpl ary
system conpri sing a4 ’ . i : i

control |l ably conductlﬂl“l%(?'}éyeZlg%/%l glgﬁjllﬁﬁgl@!%lr&gg%@ éﬁ%ﬁgﬁ{gﬂ%%@%ﬁ?@rw\?gﬁﬁégﬁ%m
Figure 13 i18 a wdtlade arasedtiigdentibhustrates an exenpl ary forward phase control

waveform and 25 Figure 14 is a. di amwhich illustrates an exenpl ar)
reverse phase contr g:llljg% et Bﬁmplﬁﬁ%%@aspé*ﬁﬁa@ m&%@‘@m&%WS%AND
BEST MODE An ergig&gﬂﬂﬁ@twig{thggﬁsaﬁwﬁomnvent| on is directed to an

el ectronic control systemand o L
1gure 9 is a simplified schematic diagram of an exemplary steering circuit in

accordance with the present invention;

15 Figure 10isa 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 thé":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 cortrol

waveform; and

.
h

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 1n 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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in particular a lighting controller that can automatically determ ne whet her
to operate in two 30 wire node or three wire node (i.e., to operate with or
wi thout a neutral w re connection). The controller senses whether theresis a
neutral wire connection to-the electronic control system Page 6 and adjusts
its operation accordingly. The electronic control system automatically

sel ects and continuously nonitors the connection schenme. An enbodi nent is
directed towar dndadjustsésoperation sebidiggly. s'ylset dentduiivoatrobsylsteghdutdigatizalt sedddteind
or dimmer; however, the invention has ?ader application jn géher

el ectroni ¢ contCPBIEIOUS!YEReioEs the pransciignyyherms oAn gmsa mWét?rdjérﬁ?t toyyqrd an

exenpl ary syst %?8 d‘Bm@%ﬁﬁ’t‘iS{ ?&@m‘@’h&lhast {Behtipk %&ﬁﬂﬂlek B ﬁﬁﬁh&nhov@@eﬁ Itl?th{f éi‘ﬁ'oﬁ has

control system al'so referred herein as a lighting control
dimer, is pr efbemwibtgprdmaﬂnmmnle)dxebelmm@ncemﬁuomut source, such as an AC I i ne

vol t age, a fi rs .ter 200 ch_as andescent | a [
an el ectr ongc | ow g‘f‘& és iﬂg@)levte glﬁafglraﬁr@{‘“ apﬁxgmgﬁwnggf 1 35?963@588””&,&96
typical ACIi n%réé@httlagﬁm%ﬁrrw SR%oR cBnttAQysteht100 Glsdeferfidngheeiha s gish

source. The AC'line may al so conprise-a 220 to 240 volt, 50 Hz si ngl e ase

power source, wenirolterjor R dimmpw isgirefgrabbneanneden hasweanan lémltﬁggrce,c&nﬁr #ss7asAQ linet
termnal, a di rUérﬁ ?.?d%%lsqltélﬁil igal Pﬁ%fé)&@ P@%éﬂf $8h:A ceﬁ(’[‘l!ﬂﬁ? of & 8?{%@?1%@0(@/

connect ed to th W re i'ne neu
line is al so connegd @LVarasheaandti &cdineekd kingt load.| Aagpi20AC e il'diiage cormprises

el ectronic control syst 100 controls the fl current. to the | 2

using eitHér fokRarl Bﬁg%em PhPRSE pBWe‘r%\‘}@Fsg"wB%gs]én%‘Bﬁlf plSP cHyaREH a&ﬁ(aéo 30
predet erm ned sgliesd HORinglOhasEh R sORLE Jraw el tage | oads, it is desirable
to operate with réeverse phase control because el ectronic Iow vol t age | oads

have a capacitive i npgteldcirpaigannteo] swtemdlﬂwamuplpwagéwwnnﬂv@l, ajdgmmed b@t tepninal,
O et G O AR A S B SO LANS RN U R E2R T Oy

when the 20 conatnrol ive ronl C con

transitions fr leﬁalmmﬂc of:tshaehmﬁnadeatso camreonadu:m secencstealmzal dihde RladQ00.0NI C
control. system 100 ts whet her, the gﬁgtral onnected a

adj usts it doperati lea? Gpacsgnye! system F@El‘%ﬁtm scélfrF’&téﬂ tl?eﬂo?q(ijorféﬁ‘n"

detail below a enﬁhcﬂ’oapm%ﬁswonﬂ@lmrtrareisetﬂﬁsse%h@wba@éd éh Qsﬁea@tax%mem%cuon For
determ nes which of two wire or three 25 wire node shoul d be used by the

el ectronic contqlwrogl;ﬁzslméﬁpﬁwed@@fisr Blis daysaldotormmetaseiwith seversephatgreentpolibgcause
bl ock di agram %&ec%nﬁ)ﬁmoﬁﬁé/e lgécﬁ%ta(fg R Egpa&(ﬁ% {n?)lut ﬁﬁi%rdgﬁge.l pror\%g phase control is

used to control electronic low voltage loads, a large transient current 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 a microprocessor 190. The hot terminal and neutral
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Figures 3, 4, 5 and 6 are circuit schematic diagrans of various portions of
an exenplary electronic control system 100. The el ectronic control system
100 conprises a zero cross detector 110, an over voltage protection circuit
120, an over current protection circuit 130, a 30 power supply 150, out put
circuit 160, and a m croprocessor 190. The hot term nal and neutral Page 7

termnal are cophgghiede bohrbBRd 208 767005 Sss @leB6F 010, hAQ thedithntdathod k¥R Ot

termnal is provided to the over voltage protection circuit 120. The power
supply 150 is pmreYidechtsl the averwioltegs prgtegemeiraittdgly wit h hi gh effici ency

ffici b b % . M ticularly, with.
Hgore 3 the poner TR s RIS ©reripp B b bl sritht “hdrdiiheeut n
the two wire rrqé.%.,aﬁréﬂﬁ&ié@g abb ¥V Eatiine 80% ) Neloft Retesiddl, Wik, refB0t toPdure aNthe HBRer

two body di odes of the MOSFETs Q101 and Q02 (in_ output circuit 160 shown
in Figure 59 fouppl 15011 supalied with quiciest cisegiein botipiie e wrireepeda and thiepyyirermode.

both AC |ine vo}ltage f Gy fy: t e
ystem i th t helreuria b BEREel el AR AR R e iy §t AENOSTETT AT Bl Looe
line vol tage (tdutge citbtieldDdR)wn itFegleS) Hanadull aavebii@gofor pheepamply cusieppby
150 charges by draw n% current fromthe source of AC power through the hot
wire and neut r%ﬂ"f’Wf‘P hi/’&@}(l%v‘?@@%bfl@éyﬂ%ﬁ-f_ cycle of the AC line voltage and
through the hot w r%ac?éjcasl: 88k Ligcddifc &9@0#@% n\@th e RusraPErhilgl Amédtfio Jbe
voltage. In the case of a two wre node, t us capacitor ClO is charge

in both hall0 cymhus! wire ofidih AGEn¢ veithgekibreeties mbd) the buy edpaeit@fC the thispa@r

| ine voltage is_greater.than e bus ca it vol ta Bus and t
controrl ably coNARE S egR pt dv B o iBRC Fomdbe it M B Al gel Ty hauvits ane
3 prevents the duugaloapadd the hefdtive haldnyclebfhb AWiMgvslhige ugh thesupdrihe asnees ad -

circuitry. The bus, capacitor Cl0 is used as a source of high voltage DC to
power an effi cilepd mﬁgmwwmﬁéf ¢ete Q%hﬁ'oAQ\}vﬁémlt%%-\}aﬁ%@eéee%ﬂfw wiraiade, the fus

control circui tc%ggama- k:qoq% afas-géa%%oﬁlgﬁﬁff%eﬁ Mﬁ&‘f‘gﬁ th RalRehedfifid Hs6Rke gagl\gf&f the

converter operat as tollows using e nown buck converter t ogy.
The efficielft pbGEdine voliageris greaten thandbsbustrepdoitot voltagg Vauk and thalcontcaligbnemtisctive

u10, L10, C13, d | at i,on. Ci it ' inci pal t 1,

710, and Riz. RSIFeS fe T0Brpagictnd 0B dogh D OFIRRES pRKER o RHESHERHEG L from

threshold det ediﬁﬂhﬁl%dn%)ﬂ‘u-didgﬁ dBigdr iceSneetdiRirogitry 0 The bug epatitef 10 0ap dsddie alsbldce of
r

di ode drop of optocoupler 25 Ull, current wll not flow through those
conponents, th Jugh H@ltagﬁt]})c W@'@npﬁéﬁg}t PPWFT qopverter to provide low voltage DC to operate

the control 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 210 and the LED diode drop of optocoupler

25  Ull, current 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 UL0 (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 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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optocoupler U 11 will be off. Wien the transistor is off, no current can
flow fromthe enable pin 4 of controller ULO (such as, for exanple, a
TNY253 | C nmanufactured by Power Integrations, Inc. San Jose, California) to
its source pin 2,3, thereby enabling controller Ul0O to begin switching in
order to raise the output voltage | evel of Cl13. The controller ULO will then
30 turn on its i NERE r . ' £t ; .
drain to the sojlﬂlrrﬁgztg(,!i B Pﬁ’r oug@}{cﬁépﬁlggﬁéﬁt %id %Q&%ﬁ%%%ﬁ&{x ﬂ% @S&gbt\ﬁ@;péafgﬁ%? %hrEb
Cl13. The rate ofhenintsmally séthiussiold oBsntrbBer Py &e8ntetmal MEISHBT tsherned dific Tancarent

of inductor L10. When the current .i.n _the_ internal,K MOS reache the ..
internal |y set VHt %@B}JEt‘bﬁo‘ﬁﬂWﬂ"%F}leéPDRJﬁef%egi’ﬁénquﬁ@éEEQ’I Cam%rl‘—aE%l?’sa“ngﬂ%j@dD“

of f, Tiv currenfnihd durfedPid Mk fadtiltof FalhedZOUNEhid il RRR JBE MRV 4tRIHELATm
L10, capacitor Cl13, and diode DI | until the current In"the inductor

reaches zerdi TietesofsMikiEhisngt by edngrollsr Uemtibtie abltagemasosnrapasiindlld cafeedd theHz
as set by control]er U QO til .t vol t age acyoss capacitor. C13 e eds, the
Vol tage | hr esholdiage tEFTo KL AP it e vBr FEES eaRbRRGRT rretT LI0ER A b fipceieor
LED di ode drop offptéueh.peeunh ewnbh this voaes tréinsldue biRe@d birfsi @l bbgn to flow
exceeded, current will begin to flow through those conponents, thereb

C . y
turning the opt dreuslshess copmaainsy drerdty tominecthe ppiercoupled tgpsistongf@ptacpppler Ull on.
transi stor turn .1 h ' tr o i ‘ d
Lo the 10 sour o el ik BEnEARNe By LUbIE RS Dol Prlhe IR BinORBRC L
UL0, switchig immirdespinBnatdeid accoddidict mathathd yperdtiva of natt@leplil 0 Asvahingds tesrmhated.

sel ect a running . or. nQnp-r.unni node of th wer supply. This.pin can, be
used to const ragﬂglpﬁ@ﬁg’pg?eeﬁ“ia@ﬁ Pt P%beprFO %ﬁaﬁb‘? W’nggs% IHQE?'%IHHIE)& ?’ﬁ‘g‘%ogge
the AC |ine vol ;ag& Al THEl Bn ca2l BC@e8 Y ddbudRUR dpRKEibn SEHRlHods: ﬂ%@ﬁﬁ@ts@lected
electrical noise, it 1S advantageous to constrain the operation of the

power supply t otimesrakthormdnlion vaieze haif pysile eSineamstitchweodsinodiss suppliesesanetate clectrical
operating. In pri.Qrf: t ' s : \Whi ' \ :
P P nga i SRS 64 BSOSO HEL AT L AL VISP PONELWAURIX
connect ed t 05 dr asiscsempigine cdeuigatd yotfopamtiag. | ow i npedance source such as an

AC line voltage. In the.apparatus of .an enbodi men f the inyention, th
Cover eunpl v St 11 e R R AR R P e Fhe AT PP e &t

20 through the ke@nthbGRCHIRY cinvBit&ate poRay fipplylts BhluleBRE dAREs- culrtbnt Erectly from a
desirable to provide an over voltage protection circuit 120 and an over

current prot-eclivoinredaragispureg guahrastani§ ingeritage alidthe apperatisoolng eavhodingstt ohte
SEr 055 1 2 VBl gn 6Pt S5 B4 By OB BB e
20  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 Vyer
for the comparators U110:A, U110:B is derived from the 8V MOSFET drive rail, Ve, 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

42
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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the el ectronic control systemfromdamage. 25 Grcuit details of an ,
exenplary over voltage protection circuit 120 and an exenplary over current
protection circuit 130 are shown in Figure 4. At startup, a reference
voltage VREF for the conparators Ul 10: A, Ul 10:B is derived fromthe 8V
MOSFET drive rail, Vc, through the current Iimting resistor R114, voltage

regul ating Zen@ﬂ'rcuzrﬂs a}elcorﬁjﬁﬂe@ R%eﬁ%e&ﬁ@t@&‘%l‘t%@ ref‘éﬁﬁ@&ﬂﬁlﬁéns@h@t&lel &nclﬂctwfnaow on
desirable to power the conparators ih As opposed t Vto

al l ow the use @fetkt@hanpudm@e 5.6V zener as the ref er ence vol t age to Whl ch
the detection Page_ 9 cikcuits are ed... A wel e ted v

reference tightens t F%“?@F%?%Wéﬁﬁijn@ﬁm@& gﬁhagﬁ%ohg %’%f’}pgﬁy(‘? ?pélt?lfcglt E’Paﬁfe
7 contains a sdemild bf £rkxehRdfy dirpof ArfuRfl cabreakewWRiRFuRLS. Plits Well p;w\ﬁn that the
Crcuit details of an exenplary output circuit 160 are shown in Fi 5.

It is well knovate pfigansitipa beswmttbe siates ofaeniudtion fowa Wﬁm@nﬂe@pe&ol

rive ol reui £ STRETR GnETELR G SR AREs e TREHER PR P Pal ey BR7E f% he

out put transi stengtiédfile. arkk &2 tx@ﬁﬁstdﬁ'(ﬁl@@ b8 100 Arddrifen ithfpegtanigh igddance path
165, during nor mal operatiaon, and throu | ow i npedance_path 162 (Figure 4’;1

during a fault 163changpernal meraﬁ%raaéﬂa;@%%lew imppdange Eafhr%é%@aultedlelﬁlénw&v
i nped th
| npedance pa ié[gﬁar i al}ehﬁ;&%r%eg%oﬂ?gbp éc?é& t{)%ell%glé é%mﬁge{‘fﬁaﬂ?%% ﬁwgéﬁ]“

circuits 120, SO connec | ow
t he prot ect® on poiteatiointcsrcdiB0] 201 BE0. dﬁﬁeq&btealcﬁmnicmts uﬂs 1BOareialyoedanegxed tp dtchlo®62

is activated. The Jow i n th 16 onl cti en. fault is
ot oot et The IRBARCHETR (6ooi Rt RAGs eyt LY Subtededy Belsbnprdance
i npedance pat hpd@3.62 192618 TIRPRHAKIpRdanct AL N6k érﬂqag@la@%ea@tfbulﬂﬁaete&ed
used. The tran5| stors 101 and 15 02 are_turned on through resistors

RL03 and R104, Tandediath evarddesshe nemrabnaih providedihyithe igh Ampesapssepth 66 ral
0P o car o oS5 R SOy B Bl 0L R MOl gy 1
QL01 and Q02Q1CGAtee tﬁirnede)mthrodgh mn;tdm; Bh03 arielk By andiam ittrgedooit thramgh ssistor

00: B (sh th t f
appl 1 o5 8 o Mhdroltife spiuergriStrotity Sl e R inoaPebettint oe

by the series mmbﬂaé hRNGak Dokl G 1§mEi;ItQ§homdni?ﬁ§Me 6). WeturGad fhe@l@SFET§Q101
hi gh, Gate Drive Congl enment is |low thereby turning off transistor

QL23:
t hus openi ng t Had &4 P2dpgte Patve i ﬁhé)‘fﬂné%h heggby dumningcayrangistor Q100:B (shown in Fi lgme
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 }:;ath ﬁ‘om

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
v

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

(W8]
o

Q102 are driven through the low impedance path to shut them down quickly.
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To turnoff the MOSFETs Q01 and QL02, Gate Drive is pulled |low, thereby turr
transistor off QLOO:B, thereby turning off transistor QLOO: A opening the
current path from 25 the 8V rail to the gates of MOSFETs QL01 and Q102
gates. Gate Drive Conplenent"is driven high, turning on transistor QL23:B,

t hereby di scharging the gates of MOSFETs QLO1 and QL02 through the resistor

R104. The MOSFETs QlBdriagiforkd dpgefor tHeweRadeinatighmvehglihgh tdrmped anemnpaditr
to reduce RFI enissions diving normal operation. During a fault condition,

t he MOSFETs Qlowle (thgOesr y@éa%@rxéowmwéﬁrcwﬁr(&)fdﬂ comBanaing ishgse handes 1sfrence o
shut them down \cha%m na|6385?>ethé‘9u gnkfdf*%ﬁs Q%[ 15%098? q?]‘EAJ %f/hoh 1}1& e{a%é aﬁﬁsgﬂht he

i nverting input conpar at or tage prot écti on
circuit (OVP) copedusdeori)l kesp thedmntib@nQl heAreff ®fdehe BIOSIE Tsa@B) Iahd R 16V as0 t he

il keop the.tRERGEERoR HERIORFFoY D KE NPLLEFLOOn T DIMGF o the

unaf fected. The el RudERRhy Astbt QYT BBGhd bfatligw
whenever the M@ 3@?5%% lgofgfe of 7, %%%u?m%g of f trar?lsll gvt})er

QL 11: B and ena:tb&tea‘ugrthe detector. Additi onal ly, the reference voltage on

the inverting termn ra curre ro

cir clui;/ (OICP)g corrpargfi@??”?ﬁgnﬁgs}g%eﬁl?ﬁ?ﬁvqlﬁge g‘i’/ﬂ%ﬁn‘f%’%{?ﬁn%{ ?ﬂ@gﬁjﬂa 50110
term nal so the(t@@@ﬂéﬂc@fentt@b&cﬁ&ﬂ&ﬁfuﬁt(@cp}% %\Iﬁm?as Rgihah fﬂéesda@me@taﬁt t he
MOSFETs Q101 and Q 102 are unaffected. D odes 11 and DNI 20:1 provide

i sol ation bét weeprtng dermimt BT sheq@uent ahthisgpoparier W HE Bisdugh imradanderadiher y
120, 130. Durin o) f i

VoorETe 101" anCSERS 01 RSl AL rR0RE DL DRGNS I RAR AELOSRAEN
R110 and R | 1' beteoemia MOSEETY Q 10Whemd @ Mi2sand dleprstectidn agautrymmccmﬁ)s al so
connected to conpar at.or.. Ui eXC e

oferonce vl t age VARRHRE HowoRlReLAAE frr iyt e bpiige SSESRARMPSERTs Q1 ugp

t hereby turni ngQ@m hﬁa’tmslds)&s)mc@Mded%oxﬁnh@me@/ata@@twsmldrahdfawvbt:agﬁxoh@loaé]e
gates of MOSFEJIs |a a | ow I npedance path set by resistor

R129. The | bw Wﬂ?&&}&ﬁ e@depw%l F1 Bt tfdsoioBRETs torebamier G0 B inveRWEon at
a faster rate thag;fyekfQdether-BR et tat FW% & o% @F h% TRIYA 11
transi ents can be on tehe ord eerr f severag oSsa om?ﬁl‘;a ?nput v%%g%e
to the OWP corrphwvatthﬁreb}stusmﬁgblyﬂmméiﬂ 133A, dhayeley a'mdllymg)dlive 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
to 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 reference voltage Vgrer, thereby keeping transistor QL11:A
on. o

-The OVP latch is cleared by briefly driving the microprocessor port OVP_RES"ET
high, thereby turning transistor Q111:B on and driving pin 2 of comparator U110:A below the
reference voltage Vrgr, thereby driving the output of the comparator U110:A to high

30 impedance.
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to a maxi num of about S.W The OVP circuit 120 is |l atched on, even after the
fault condition is clear, by virtue of the feedback action of diode

DN111: 2. This feedback keeps the inverting term nal voltage of 25 the
conparator U 10: A above the reference voltage VREF, thereby keeping
transistor QL11: A on. The OVP latch is cleared by briefly driving the

m croprocessorport OVP_RESET high, thereby turning transistor Q 11:B on
and driving pin 2 ofIn@tﬂ@pén preyent @n os@ll@otyedogdition dromy @@ﬁ@t&@tvcﬁm@gevwge

t hereby drivin utn )

bage 11 1 or aor i e Lot LR AITERL 8Bl otprp ot Bsllifed ! BSTERER on

over voltage [&Er@ﬁleiétlb@«ftdamd Wien oﬁiwv’o@tﬁ&e Iﬁb&bﬁ@ﬁ ¢1mmt\/\trn®rncafr@esa b@ér&@irislﬁn
circuit trips, the other rotec&on cuit |§7 ocked
vol tage prot e c P RFRCIraGRE 139 68 éethl‘?ﬁa‘tléélod%gml @ufﬂh@ﬁf“’-’de’p‘?fé:t’%&q ‘Gﬂl h?lfi’fcw t

130 is disahl e%pﬁw V{ﬂatggl,'i‘; FNLZR: 11 ef?‘%lﬂlg gfotgt\ﬂaggxr%x't '1"(?% a%va"_lcd and this will

apprOX| mat el y the over voltage tection circuirt 120

activated, and Hohl thewbhlinvehidigitetthmahafithd ajme lcﬂmreng ptatectionadomphr aitcheU kNEB Incrh
current protection cqqrg)ﬁarat 0£ Ul 10: B g h above the reference

vol tage VUF, evBRUSY MK theeferenst vakizeep F@f’&f?’? TP ﬁPIE‘e‘EE%OtF“rt’iOQs"‘fc‘t"bl{ﬂﬂ”ies
the non-invertifg,f %{erﬂoﬁaihvélﬁﬁ@ tem&nm Fofvi efib Y8l oYivElly SRRILRS thd\®/cP¥@irent Pick@bn

protection conparator Ul During an over current fault condition,
as the current CDmp@talghUH@ MFETS i ncreases, the voltage across resistor

om0 Pt o1 et SEERGR AR e 1 405 BRPBTALEON P s

direction cur rtmtolfdg@‘ﬂbro?sh%sitsw& R109 (@fout;h6c1td’u@tnl$0§Ir&f@s@l%ﬂ% vEla20 aPprokdtes
pull the non-inverting termnal of the conparator U 1O B down bel ow. t he
ref erence vol téfrbé V ARRBE transistrryl 20uh oF Qi AP 111 ihrein s fura on dspending g1hihe dirggiion

This | ow out pUtcuﬂ’éhthMvV Th% R 8h Bfﬂ]]%a%&%fﬁh@wbm ol by ﬁHﬁQHvé}hf?«de

DN120: 1 and resistor R128. Noi se tering i s provided by resistors
and R121, and ceypssiltobtis @parat@1@io: Brddv\@bgl@w thpecforenee mitage inIu:rp ﬂm@wtsmﬁqhmg

circuit 130, s .| atched on, even af t.er. the fa d|t|
virtue of '?lr?e ftg%ﬁ%%ﬁ{atgcfo tﬁm Wdlﬁ’d% C#’ﬁ ST ES ﬂ 35 eeps f(ﬂl A
20 inverting tepro2iatough didde DIOIROAEY atdl{em&ﬂ&r }RDZSB Weikofiterte ls@fcﬁ/ﬁdidd(lﬁ rv:ﬁitt)x&gﬂm
VREF h
 thereby  dR121, and capacitors C120, C121, and C122

The over current protection circuit 130 is latched on, even after the fault condition 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 Vrgr, 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 Ul 10 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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keepi ng the output low. The over current protection circuit is reset when
Gate Drive Conplenent goes high, turning on transistor QL 23:B (in out put
circuit 160), which then turns on transistor QL23: A thereby driving the
non-inverting termnal of the conparator U 10 to 8V and clearing the

| at ch. 25 When the over current protection circuit 130 activates, the over

vol t age pr ot ect itypical e¢sponsettini@6f absutdi.$ glcerdthvibauta 6deV Dirdfids. Weeinpitthéfset voltage
out put of the over current praotecti conpar.at or 10: B goes | ow, the

Ul
i nverting tenni masa sreciisd tprigsl V@Bﬁetogg]éo%lz&t%&ai &h ¢ ohisairR¥tgP owipif reqppnse fige of
|1 ed to appr oy ’ ; ' 0 protection
Ci'roui t from acti Qb e iy oGS Bfesb KGR, BRsbARURERsaioL] AEG, B BLER
provi de fast reaciteaionspresid]1addhe toe fivactie amdt Viggrlcrowsing tadredd® SEEW sd8% off point

tenperature range. Each conparator has speci fied Page 12 typical .response
time of abouf 1.Vs&esasuipd kP barhont 3° ysw%@?rqyﬁr W?ag@“ﬁ@%?%l@m@rewf éﬁ’}, thgdinpggem
has a specified_typical, v y A ' j p

response tine ofthéllgﬁ%ta\(]ﬁﬁ%ggglfl gfrtosf%\?\n Sﬁ%ﬁ?@ﬁ%ﬁ éoglr% W%qﬁ%ées{&ggh éé)?bgﬂé‘ﬁglﬂﬂsec'
90 nanosec. In the oWggureQid £sinplifedbRek tiaprat ¢fcui dxerhdlry £di6 cidsirietétt@MI0h&he
i nput VREF cr.ossing to the MOSFET's 90% of f point 5 was nmeasured to_ be about
3.5 sec. |n the Z8\Werospsiciestos | bY seraptises A het zepqsrpssidateciqrild 2 thatgravidsmp hetgero cross

i nput VR EF Cro%%%@@oﬁ QehdlGnd i&ggjl geflgggszss)aeteabmxsvvﬂa awaﬁ%uml Re, apqut

2.0 sec. Figure Is asinplifr di agram of an exenplary zero cross
detector 1100 Thietez@omsigna sdieddteasutnl térniifal¢oogpnested toea titraywire. Thomsroprocessor

detector 112 th rovi des a_hot ro.cros de i.on_si gnal and neut r al
zero cross det e§:98?n°fit§rsttﬁ%f’ut8}n() i‘tfe et%l“%é?]%% %Hdtglg‘(}?ﬁP%%tgﬁfﬁo(%qségﬁeg}?n signal
si gnal when the joigutddby the hﬁ&ﬂaﬁiocbﬁoﬁmmmé @flerhned ththe Bdbnnekt®: is AWee wire

m croprocessor 190 nonitors the output of the detectors 112 and 115, If a
neutral zero cr&83icgEeRerd BA turyivar mads isativelad by Wikt the RUbBL BERSGET detegtion ¢
|5 determined ! il AEmGRNAREL Rllcdich B SUDERE (! tifingC OMBGHLOR AN ik B
wire node is activated in which the neutral zero cross detection signa

from t he nedbr alconmsction ora thbSwirs casedidnomnd thentimogrvirimiede isi asgyated ini which the hot zero

determ ned that the .15 connecti.on is W, re. connectian and the two wire
node is activat Q¥ HGW?WX%%&WBV%&8&0&&%}0&?&&8@? l(glﬁmé‘g'gnal fromthe hot
detector 112 is used RegardirgthgeroRegsingide@ctbhEl 07 8k ex-4isls 5f fllicled ehalin hudilr

an exanpl e of which is. show in f,urth%{r;1| detail in Figure 3, generation_of
the hot zero cr@sildeasws drecaerghan of R hetreracrosatptscHor pignglygyhich is used in the two

wire mode, is accomplished via the hot zero cross detector 112 which is connected beiween

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 1S desirable to acquire zero cross timing information from the neutral zero cross
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wire node, is acconplished via the hot zero cross detector 112 which is"
connected bi: ween 20 the hot termnal and circuit comon. Crcuit common is
connected to the dimred hot term nal through the body di ode of MOSFET :Q102
and is connected to the hot terminal through the body di ode of MOSFET QL01.
Crcuit common will have the sane potential as the dimmed hot term nal

during the posidetateoriilith BYohectdd BohteeNEhe hdufi@l éRhinaDMdARA teMnkdal. NAYGIridd R0
sanme potential as the hot termnal during the negative half cycle of the AC

line vol tage. 2BoReupisg dHErREBIARhiRENRAr e densadent ohthevconpesisl Iped suddp npiot

and circuit conuuo A hi i Vi .eaches : -

t ransi st or QBO?SXH{/%@E ﬁo‘(’?ﬁ"&t ﬁ&gnl ﬁ ﬂ%ﬂg%{%g’gg}ﬁg%ﬁ%@%%g %Pcr? %ﬁgrg]lnﬁ/s hﬁggﬁg@‘%}% i the
m croprocessor dqae¢daf nid@heCox spasitivé Pads. Juaédiidn, Zem abssduformeaonman. be adféred

m cr opr ocessor senseﬁ? this trapsition and thereby aﬁgui res the ée%ﬁ rosa‘
timng informatdVsh Wieh tfetiedtiosic epso! yaads aeplvies full Snapowide thrdeatiphhry !
capaci tor. 30 Weh theiiesdiialed s e 19a 200 thterhgf 21,6 CEsQBLECEOMY Rles BYSHrEMck S
connected to tile neutral wre, it Is deSirable to acquire zero cross

tim ng i nfor nmatdigml becansd the hoeietmiakl andrtiee dimoss! BatpemiB] detae stbstaniaiiycthe kane

connected between the neutral term nal, and hqt term nal.. ,Acquiri er o.
et o e ettt fierd S sTshimtie Y So 1¥tash Briticn tisrtof P hehel Fett 0ad

and is not subjgehoto variations in the |oad which can cause zero crossing
tinme shifts particularly in the cases of magnetic or capacitive |loads. In
addi tion, Zzdro crossTheentbidre arosadetentordd §giaated tBngitions inemsanisanaingtasionhet

control systemjs i I+ | line r ) I LS
bei ng del | ver e t% Conereidey Byt R oRAY Spub ek REwacti o MY, 2G RSB S
produce a si gngdit. VERaissieal feo bidks d@¢otarnab eaptbyk heo dicirethahihe hbesend oabs dotet
at substanti al | e sa tenti al thus, there.is substan

| e, D ne _ ially no
vol t age bet weeny L8 eﬁB?trT‘aé}dﬁi | Profiefs gler B FOTELHRERO™ o ra’f’ﬁ’étoﬁ.bﬁ&ﬂdgo‘f‘éf“éeedlng
cross detector dlatnreal&Sydifa é‘%%r biRRisg brd BoSeNBBRAR coMtnohnii€attBé sanfee! O
cross detector 112 but the output signals are connected to the NEUT_ZC

ni cr opr oceskor pasemtial astihe hatigtmiael; 26¢ diods BEL bipskeewremt flow feampthsyhot teymingl, sdéch
that the hot ze r . . y - di . t ect.

em tter unct odou ERaiEsl o AR bros T 113 R I B BP RAS Sihen
vol t age by bl octie DOSEETe®t 0f hovQibare abun-conductosniie migr@trodeh®r $ dfreanllie any type

potential as the hot termninal.. and 'gil od %&: E{;&% rrent flqw fromthe
ot ter m nal . W ERNBERP RSt f XA TA R Eher Srovaund Ter6be
detector 115 in the pPeSidd ¥@shadtbctédeb@ibeaBdve provides zero cross timing information as
20  well as neutral wire connection information to the microprocessor. A separate neutral wire
connection detector could Ee 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

Page 14



the MOSFETs QLO01 and QL02 are non-conductive. The m croprocessor 190 can be
any type of mcroprocessor, such as a Mdtorola MC68HCI908AB32, as shown in
Figure 6. The zero cross detector described above provides zero cross timng
information as 20 well as neutral wire connection information to the

m croprocessor. A separate npeutral wire connection detector could be

provi ded whi ch (b.?:,%?%‘é@bﬁreflﬁ&{@ )t REpZSHPCTH 85h Fhroudie ARt e HaRD ONE: the
The primary function of a neutral wre connection detector is to indicate

the presence diotErmaatnartigliteraiedndénined hotitrenifaly thglcapdciter €& vebeieef from the
det ector can pravide: i L Og Q. ' - ] : j ne.
o o oo BByl ILALTFULA OB TLALAREASRIA0, 000,061 2 5
connecti on det eh¢ dinsnedlyothbantisddyosgicdiodsDrechani cal  detectors, in which a
mechani cal sensor detects the presence of a neutral wre anijj provi dg%

i nformationto the 'EW&%%’@E%"S'EWO HECEISCH PR SPTHTGL SYFRhEPIE i POVl fedivered to a
connection. A napig maﬁW%Blg'kionﬂ'bﬂa?ﬂ? con‘ﬂﬁctﬁ)g deG13BS coruGyeFor @siQ%l@ s?l\é\t':\/&&?gortion of

could al so be used to ma y indicate t presence of a neutra
connecti on. 30 eatlyACdin viostage salfigicid iReidr scthe timtei of adieappctat 25fe emssingeofghaA( line

steering circuit that. charges f us capa itor ClO through the neutral
Cerm nat when soHERs PP KOt el Shal do e CeRRE HpdoY ] TRt At go gl
node) . Capaci t ohéd @eaf d@@ssﬁig@idgﬂﬁis&m%gmlw&mﬁ@cmﬁoh Systeni @ByhdRonilto the

termnal, neutral terminal, or dimmed hot termnal. The capacitor C 10 is
char ged frdf t HeC ligptokagesnd shustthy enngrctionod drerspntrplladily eonslupiéis dexice depmrlranized

t hrough di odes £0,. 8l and & hrodgh. the di mmed hot termnal through di ode
D1. 5 Typical prior art two w re,°e?ec’troni c control systenms control the

power delivered to &orlknakichynioaditrog systen operbting indiybywisomades thiv eontiel teckrsque

conductive for a single,selected, portion of ach .AC I ine vol tage. hal f .
cycle. Prior tow?rﬁﬁwghﬁ@leﬁﬁhealﬁag q 1%%‘?‘851@?'63%?%& bf?hetnﬁgls,&?f%l”iqﬂ%‘s used with
vol tage, Circuidiédfrohi 1603Bl8Ek Midhing MRESHS pRLURE 86dck dle W el e¥mplex IReInYSdance of
zero cross signal. \Wen the zero crossi n% signal is received, the

el ect roni ¢ Pontthoflegirnielawy wolagp srrdermead yrical slectoniatow valiaggdransigenein areriigs
t he conducti on t . : j LS i t he
recei ved zero c%%]tgpﬁggg%gmog{aég@ﬁleggﬂeﬂﬁgm pgﬁ%gﬂg%tégf%@@é%wo%lg%gp fn(r% in
two wire node, dowinsthe omipped vokagerimugh a igh lisqueicl tnahdormdre The aticiittp edeafoemi s

Vol tage |1 ght i EeIGRRE SpRPee T a et Bobs e o8 Db e i ce
of electronic 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 capacttor 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

3
n

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 variation interacts with the zero crossing detection circuitry of
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15 the electronic |l ow voltage transfornmer. Typical electronic |ow voltage
transforners operate by chopping the voltage applied to. their input :
termnals at a high frequency and stepping down the chopped voltage through
a high frequency transforner. The circuitry to perform this chopping action
operates in different nodes depending on the input voltage to the

el ectroni c trangk@id®two Wik phbecontBIkledBhlcagatrbISsys @M, stchPs ¢t oY a 1i@RSnd BARoller,
about 60 volts, the 20 chopper circuit is not running and the inpu

i npedance of t heo asrta@gﬁa@ramnsta@htyemthegmc@mmg fignalj Apigtingtahpliyile dre zsfo th@nw
el ectr Om c tr anaf {1){* éIl I’ Oesdasn Elhtg}t')lﬁy Ilfll% 6 (\:/Oaflldllila{ﬁfﬂl'}l%] ﬁf T\{l? cérﬁ%?la?l& COllguCélgE HCVICGS

transfor ner whe pi ng ac Bages rne

about 60, vol ts;mdﬂ]hgza(ﬁmd@peﬁfe(@ﬁﬂmalcbm{begdmanp adi ng and the input inpedance
essentially drops to t he i npedance presented by the connected | a Ioad
Addi tional Iy duringht %éelp*@rsiwlaﬁﬂ%qu%émé%’éﬁ)ﬂ@?al prailadle{Bwe (T THe

| nput capaci t or o feS; GHS &‘Rfo‘l g’s?erﬁ gPﬁgﬁbue ectloRicABYW JoRAkAGERARR tltgl@ Ea{!rzl%lg Ao

el ectronic contro sys nce age currents are vari a ased
on nultiple pasabiiretis, mﬂnhbvcdh:ge gomigticof ofttheinpupuapadap at the etectbnic hew voltage
electronic transforner is hhg?“‘ﬁ var.i abl e

) hi | i bl.e i
ol L aue bl hy. nRaSERER Reaad P atocing e AF e Yol ESth i B LR GeET b gt tis

transforner at Eﬁﬁbegéc%&hpﬁgheﬁ%y%@o%hﬁea ba&rseRad b sorahEonabioREl nedl the time of
causing a variance 30 inthe initial Itions for the operation of the

el ectronic 1w ﬂmaeageowrmsﬁtb@ ﬁx@rlum@tagmlna‘lf cyslee Ila onoembpdimeyt the doatpRably
This variati O,? W% %a eetlgl g%.'eth %@f’c C??{]gélssl}fgtgnlqgtg?lﬁ ()'ll%gt f)é g&HdEIEt]leeqfo1 %gﬁgon

15 a typi cal nrc con em suc
of a lighting Coﬁﬁﬁoﬁt 2@7 micrésecasdstad a Cigie@oatl miiieabnd betﬂ;ﬂelam AGQé&énz eoltage zero

crossing signal. This jnstabLlity in t ezer [0S nal |n roduces an"
instability in F’f?é“’(%%n@g‘éﬁ’ilﬁgpﬁtlloﬁé’ GPHCP dony ??@Fﬁa‘lﬁp 8‘3 E%W%E&Ye&ié Qe oaelute
and thus a flickgreeffgstly ﬂasétme@l%@ega@i@orlo%m d183%nicG oV oRh g ads®mer to 2

stabilize the zero crossing signal "available in two wire node” for an _
el ectroni c tbnt eensistg tmmlda@edlapn At tharedire stebidiapcthe govovetssiagsianebihefipraveved in

it I's necessar ytﬁe %3 wh&& S\Lrvpt% initial voltage condition of the input
capacitor of the'e ronic or tage transformer near the zero crossing

of an AC line vol t ag EF ifaakfl 0 ¢y bienplified biask Himgrant oftenckxehgtary hirsuit wsad fdreliminating

sccompl 51, DYyRlLSULED HLSE. B Sl BEL S, O ESRCNE L0 Loy PEEHA ISR 1

enbodi ment thee;g;@ﬁmalgltrﬂ@gsdxagmﬂguctl ve device in the electronic control
systemis control | ed_to be conductive for a duration of about 200

m crosecond3®at a ti e Eoire eperation, Sedmnsisioes Y and QB2 er?é‘tm’éplﬂ’%lg%] Pearey

controlled to be conductive for a predetermined length of time at a predetermined point in
time of each AC line volfage half cycle, prior to a time when the microprocessor 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
dperation 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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crossing. This brief period of conduction when the ACline voltage is very
low in absolute value effectively resets the input capacitor of the

el ectronic | ow voltage transformer to a 15 consistent initial condition and
therefore stabilizes the zero crossing signal that is received in the

el ectronic control system Figure 10 is a sinplified block diagramof an
exenpl ary ci r cupendygiede, feh Séldumlglételtﬁge pre¢rslinigrast Abiling fpliege zerrecrossing, theoodingry

signal in accor t Y n
i Sorare, 56° PofRpaEl b AHELICRA Y, BVEC e BB T0 i R TR Al LR
circuit 160 arethedoqt 200l (IVQgAﬁ)o H@ea@@aﬁualtao\tem&aﬁ tiropglethe tderumien elk d?m@toli\ QAfis
tine at a predeternlned point_ in time of each AC |ine_vaoltage hal

prior to a timeaklpéhchargs tﬁi"’é?%%ﬁ‘%@%%‘o?v%H@lﬁ@eéle%ém@ed@?’@?s‘?lﬁ“gmdb? kag EB‘F‘I This
wi ndow. For thr t f I
Femin condutt] G SeheEAREERIAR Volifuch IPRFISEln R il BOUIER S, BREMEIRY e
| oad 200 (such b:&daznlt@ee‘éﬂ,ormmay dodbe vmistsaagefrbmaamsfzalrormossmcmnuhm mxrdow'mthe

schematic formin Fi onnect the el.ectronic nt r ol tem
160. The- 1 oad 288% LY rableip ARG e Ters Tomieniiegatir G R Shathraene
vol tage on thesgee@rAChings® i@ fifeareks m@pmme&f@hln%ﬁe&t itsBIE tehRE QAU EsiraBW light
vol tage transfornmer operation and the zero crossing signal received by t he
el ectroni ¢ cont flistkes ganceinily eblow ends whienihedampdredimnifs zero crossing of the AC
30 l'ine vol eisd I

(VDI MVER) 8 he ﬁ%@gfoggrﬁgﬁaﬁ@%wiwd%% %I?agetetélr SIS ﬁlow%vwglr% “%

the MOSFETs Q Orand@o (Hioe andIQ1OE’agmoﬂ;&oldmhdlbetcmxcmcns’quE’hgatddnvenly ghhfer tu rre

preceding an AC |ine voltage zer Cross I ta across t he
di mer i s equal PISSCERBINA t”rrier?é“() ﬁt%g%“e%"fﬁ%lﬂ ﬁ;l gﬁ%”@%# ’élg“é"‘ﬁri’ége‘&@r?/&é@“"

the [ oad 200 (VL',% E?BOO%%@%@ R0 éo%%g&fto%lé hilkb J&Elgyggfo{eqﬁe te n%ié?z Q.

capacitor C2 is harge toward soms break-over Vo tage det erm ne
the diac in thectwsidg ﬂéléi:no]ihwmd&wcéihsamsﬁémm di16irend QaD2 ag&oid@blM\iERb&@oanve at

| ower than i Jdb oth w se. Undesirably,.the | ol tage VL ma

ot he. cansit SRting vBRiea B ecs . PEaGr o aritt Blogf A S SRt OND! And
t hereby causi ngfihe afli BxBRHII&PLIRARLVhANMER: En(?mbcg tlhé‘ﬁ:ﬂﬂ 61 1t 88tb chdsQiml; ABR AR O
crossing detection windowto the next. This emcan nanifest itself to

users as undesi mapdosv.| Aferthe frnsgsters Q194 pad Qépfﬁedionlr@l\l?déﬁ &8 npprepndugEve, sep i s
di mred. 10 Ther ?Lgtroﬁrocé’s%oxpf%"ép%% by statSOHSS G ssidPadddith Bk B PodRfRRh GiRotife

two W re node,

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 farget set of electronic transformers for use with the

25 electronic control system 100. That is, the MOSFETs 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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transistors Q01 and QLO2 are controlled to be conductive (PET gate drive
high) for a predetermned tine period (e.g., preferably at |east about 200
sec, and nore preferably about 250 to 300 sec) and then controlled to be
non- conductive before the start of the next zero crossing detection w ndow,
The transistors Q 101 and QL02 are controlled to be conductive at 15 a line

vol tage suffi civeidgett@nbogads; avbiwitdhengtind@ohductifie 1dssadn 2ROMOBFETE! BRSdxanpleSthe
QLO1 and Q102 are controlled to be non- conductive prior to the start o t he

zero crossing degechs MOSEEhywrallavedio fP‘Fl‘émtnﬂ serdustion shagnore lwdy iasgbatgpment
controlled to %EP g@?\; &%H‘%faé &d of {Bgu thE‘h‘éﬁ ?%créa%g BB AR Pl S 2

zero crossing ow and begi n§ he zero cross
detector 110 for theTEemeroprosssai 1@@axl1omﬂ§rsahehadofryquenqemzbdamemnmss/vmg: the next

detection 20 wi ndow i s opened about 1 I 1 sec to where e zZero
cross signaP i &REHRsENgHeighdon E’F@Q@WQ%&PB@d %F {é'oﬂ’t?sze‘a‘f ?TQFSI%‘;] tion:

opened. 'The ni fjuBym Qup@ldaon afiple hirad ﬁem@xﬂ%&?ﬁf ARIBE o026 rg gﬁfbﬁﬂ%ed

to be conductive for the purpos |mn elnstabllltyo e zero
crossi ng si gnakbaws 10Yetfeheimeeairdslpetriod oﬂé&k@ﬂn@fzdlmge halpopcla Tlmra@eantmbusof

That 1o, the VERPRTRNAPLEE R Poriey BrrBef URYe BB FORTaRoVE FRpPokioh o

sufficiently hieRBtréii® oM kAdan beseting HAhlel dire trhicagHlindhatfigl B ffctd T ahle
target set of electronic transfornmers break over into conduction, thereby

causi ng t héOvolaakegs agicals framehe sleghgnic sopel ﬁbﬁﬂlmﬂpw threyigh diet! ongdote
f
f(r)(r)mv\ﬁinghz%g %ﬁﬁ@%ﬁ%ag%re c r?’?%%th ed to %uﬁgfgn uct veogl{dr ?ﬁl‘r&t he

purpose of el i nystati Additioealiyysinabinl thtep vafe héde gperation obss 'Bhgtr@ugntaitroﬂ systemtl
determ ned by ninny factor SuC fect on |5| bl

from any | amp APPEstg Staal oA Gt Bt S5 b Pe ksl L B oty
switching and ¢omilideld @videdSGefeniain tdidudlaehinbagh erinexaitht BC filsvolthgges t he
MOSFETs are _allowed to_remain in conduction, the rore likely it is that

current may fCOWHEVEUgRCHAENE Bisdbaye mﬁraton‘e%d*fapaﬁﬁowﬁse&s Oﬁﬁvmcm?ﬁl@ase
above a desi reg’bvhﬁf‘éﬁlio The mi croprocessor 190 nonitors the line frequency
and determ nes ere t e next 5 zero crossing detection window w |l be
opened. Preferably, Thhg fordrth trowsi tlh@ed’eteetmpieamntamndmfembkypémedmauomug me
prior to the ne>§1

of the measured f)lgg‘%(o’g%%?F ]ieﬁ%rdifég %‘%8 39?9323;?%3? X %3rgons.fﬁ%nt'§§%ﬁ$§ggoﬁg%

stabi | i zation edfefehe.zero cross signal described above can al so i nprove the

operation % 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 convertér 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 paraliel 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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el ectronic control systemoperating in three wire node by elimnating the
effects of any 10 | eakage currents fromthe electronic control systemthat
flow through the electronic low voltage transformer that nay adversely
effect the control circuits of the electronic control system Additionally,
since in three wire node operation of an electronic control systemt) zero

crossing si gnalcohwer@ed porest ffond highesonage dodfdgitmalovandlidgedostblikr, adnti eituial ),
the controll ablv%i conducti ve devigtgs,can,remai n nductive thrpugp the ti.ne
of the AC | i ne WhStaaagte Dastes suBply plids inygnig as 28 cHidsncK 9T htdb ov & Helseiroted

advant ageous et eehs sRkerd M Rirt0GShy lgglcie?%f%io{n‘: ZAl 100 - m WMo wePlo Rkt ek and

three wire inplenentations,’ preferab zero crossing reference IS
reset regardl essntofl cirheitd, et 0Thicd watoef mheer svoulddmrdissipasédsinahe powesrcugplpski ng

reference. 20 Figure 12 is simpl.ified schematic di agram of. xe ar

i ah £ requedcy B HERE BEER EEBI e AT AT S D b e die phicienty of
conductive devigges £h0bvidl Qdoply AR HRAVRGK SEP R eYage kaflit QAW fitb GW fokef Qfply for a
t hrough the high voltage Ioaé) 200 géeUSI ng a swtching converter to

efficiently comiwntavelage hilight utena deenseallysihe porl sustebint/a edraupeWsrsuRBy gisc@s
S o ey ConC ML YRnbERE SRR B RLARS, TR BRI PP PSR bag

a conbi nation onnec n para h air
of hi gh vol t ageugemidiohh 8ph Yaican gorér suppld @ivbegisthe cditecivSbddlcin @ik, 1kg0Ad td

Figure 12 represent the high vaoltage. controll ab{a%h%onduc,tive egev' ces. The
gates of 't H8se makgiasdidlandise, partioulary ingihe O tats, W £ &padds pERFCEER YO b%‘(ﬁé}oed by

the |ow voltage ROVEI ciHR hxwﬁgqmﬁpk f. ffﬁgﬁigﬂ%dexﬁgé&gfem bmhu&tsea'ﬁ%@eg)éuﬁggg

controlling one or nore electronic Fow voltage transfornmers (| oad" 20
To further desovlicbaliasied tirgugf ant ¢lectionicdnwivohagedrapsfovmat ¢amrralsd flinkerdue to

regul ator cal o IR e RP Y LT BRGNS AIRJIAS FRB AL ATRE il

typi cally about 4 converti ng powe

vol tage source ehpp@wvdrauppoldergerdi@ad tel differen@drtweh igput Gultideygnd ounfievslaget he
power supply of the inyentjon has an_efficiency of agout 75% For, el ect.roni ¢
controls systerf§eas r | pgciore: PREZHILIGE CHrAERITA SBRPlY 6o abpwdhe Bhiné miflsecond
operate their o KehingivbRsddder 2R0Brdsing tOfuhd Wairal HimiBRWR! THRULG BEavailable
di ssipated in the power supply. In 5 general, this has not been a

si gni ficant i sseedudtondinterfor thesotianpedeniupply chaespondiaglyi caliens dlye ipput pehlecwreaant to

gﬁlro ) PS""}?& Supp | e YeRirlllallly RS A aRAEI396 b B b RN Seduled. the pover

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 requiremen{ of the power supply, the average and peak input
currents of the power supia]y 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. |

55  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 thréughout the duration of the AC line voltage half cycle.
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gi ven average output current. Generally, the peak current into a cat ear
power supply is at Jleast 10 tines the average output current. In the case
of two wire node dinmmers, the peak current drawn by a cat ear power suppl y
t hrough the connected | oad can cause the load to 10 make audible noi se,
particularly in the off state when the load is expected to have no
significant current flowing through it. The high average current of the cat
ear power supply V\ﬂ [:T3) pdwemzppljr dffteoimgéntian pedfeablyantea bk doﬁ{réradgeonﬁguxatton to
transforner can ca flicker e to ns.in the zero ckoss signal as

X:) vari ati
descri bed abovaSCORd ttlrfrratapyla e the tqlweyﬁa’rﬂhbﬁépee?m 1Rape oy gkill
deteriorates a di 4+, QA A
i ncreases. Theirsneiit‘hg‘r%let hzfotlgg’geg? ﬁ%é&?hiégﬁgg% hée}{a%?tsg\éﬁg?@gﬁgr%ﬁ %Sbeyondenﬁ%%%?g%héﬁm
first 1 ntlI|seu@n@nﬁQMHUhemAhBﬂyhﬂkuomww@e after a zero crossing is

fundamental _limtati v nduct.ion ti e cat
ear power suppl y cotfﬁagtrSH{t‘?%@Pgb E%@ ‘ﬁ’i‘éﬁ? Jhoﬁﬁlto @BWPEE?FBH’PHEBS&{‘V%I& ort
significantly bfe @BrddRhppragtité h%%reaé{ BEBIRAUR U a6 RS hdr@whR Gl k8%kwarkn
contrast to the disadvantages of the prior art power supply, the power
supply of the withouidepatingrtonatherspini andiscone afjids preFhet levamin@neﬁwh@fdetarielqgmg
supply is prefer [e (o) irement of
the power suppfy’ %btiaf{d%%gg%r,d@%?ﬁ\ c&é‘& Iche agpgr%ht iy tﬂé pefdlant ‘@ﬁ&a g&‘o‘tr Suppl y
of the inventi A@cwdldglsbéuﬁlhdyﬂbsfdr@ﬁﬂisl qtsh@w\mid\tvtraanct/npgﬁmtre hhem d€ h6belifided to
power supplé (e.g., the cat ear power supply). These |ower input currents
are espect@l | P BeRSFRgeous when operating el ectronic | ow vol tage
transtormmer type | oadtoudBiihieRE an YRl iR HONE! will PR nlY tofteﬁatnggéaiﬁt ency of
about S0% represents a stgnificant 1 nprovenent urt Iclency 1S
reasonabl y i ndepéndigrentspfhetphesenti ihfention cendyetthwess nbhmtendcﬁambedndlteﬂmphﬂ details

vol tage of the power,s | y. Hencg, t.he power f he ntion i

i tod to oporair oAl eRen netars BRLSAERP Rt Sreip b B e e St
the prior art eftqueedlentPorthe chirapbnd withsle departmefirah thhimvadicant ages of the
power supplg of the invention is the 30 ability to draw i nput current
throughout he duration of the AC line voltage half cycle. Page 19 The
power supply of the invention preferably uses a buck converter configuration
to acconplish the stepping down of the voltage. It will be apparent to one
having ordinary skill in the art that other efficient high frequency
switching regul ators may be enpl oyed. Another such configuration is the
flyback converter. 5 The invention may be enbodi ed |n t he form of
appropriate conmputer -software, or in
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the formo I .hardware or a conbination of appropriate
har dwar e aple%gg@\BA}mégotEWthout departing fromthe spirit and scope of

the present invention. Further details regarding such hardware
and/ or software shoul

d be a a]ren¥ to the rel Yan ener al blic.
Accordingly. Tt srAheFCHRUEORIPSIesn CemPrS hE Adleask ot POt war o
herei n ar ecoiudaed bevied drifen Wob?% Q%Wéd-anééb??ﬂ&ﬂirid faupiireat ed and

descri bed herein with reference ic enbodi nents, the

_ _ _ certain speci |
present i noReration of said@legtiomid mrqhgystemtaém@aoug@ dloW Mmadadce gathe
detail: s t " i i f, i i e
dotai 15 w EhevR (oS <o BnIR b B slCe BRI SAET syPehls o
w t hout departing fromthe invention. 15 Page ?0 What is clainmed is:

1. An electrgnic control systemconprising at |east ope controqllably
conduct | ve. devi dEESVER o HRuigh AT GRS Bl ARG ShACREaR protgror et
faul t - freesepera bah v@fta@@f%ltﬁicﬁx@tti’bﬁgjrés_é?ﬁ'&hrs%ﬁd shisheBrRsbritionasgh a
| ow i npedance path after a fault condition has been detected by said

el ect r oni cCRUCtive dgyise @nrl CRUSTh Baig\Ad {aast Bne epRlreHably sandugiye device to
conpri si ngpaRoAYGiiv4ol tage protector that senses an over voltage
fault condition present on said at |east one controllably conductive
devi ce and causes said at |east one controllably conductive device to

be conductive. 3. T f i urther 1 Sk o

ot ching i réui e R LR e risT el b a e PP Al ngaip e
control | abbtyndietiduof bxie adadst enaicbetrolldhly exraiuctivobidvdge aftatthe over
condition h(g% been cl eared, 4. The system of claim2, further

conpri si ng'AR9G/aH!t eapdition hﬁ?é?%%ﬂ?@ %hat senses an over current
fault condition of said at | east one controllably conductive device
and causes said at | east one controllably conductive device to be
non- conduct4.ve.TH® syBtam of staem2ofurteaicamprising ranhaver cofpnt protagter that

control 1§ ngetise Ao RYRELE arbPBeR 5FPot s 1L ofc RGRGRALEIRLgt e,
over curredgvit@uhd caossl $aidnt kast beevorstedliablyasbnductive device to be non-

conductive.

5. The system of claim 4, further comprising a 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.

6. The system of claim 4, further comprising a lockout circuit which prevents
the over current protector from controlling the at least one controilably conductive

device after an over voltage fault condition has been detected.

7. The system of claim 1, further comprising an over current protector that
senses an over current fault condition of said at least one controllably conductive
device and causes said at least one controllably conductive device to be non-

conductive.

8. The system of claim 7, further comprising a latching circuit to maintain the
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6. The systemof claim4. further conprisi a | ockout .circuit which
ot event o~ PREGuPLE Pt e eblasEin g PoRFRb DL A e b
one cont r otlradityfaglobshitioryBas Beyn eleaddd er an over voltage fault
condition has been detected. 7. The systemof claim11, further

conprising an over current protector that senses an over current

fault condi tgon Ble $RkN JF clfAST M@ﬁiﬁ% ﬁi@h'i@ﬁé&a ﬁ?cbﬁu%risgg‘é\ifﬁﬁ
and causes said at l'east one controllably Condluctive device to be
non- condupaiher catrotiing thpsatenafdfansitanrfion condudien te oopicosdngfica of

| at ching ciprguit t i_ntai he age 21 .nonconduction_pf . sal

| east one. e8A tra=Dae CRbRulhely CardhBlie 3t BFC ArarehhEPatlist Puflyding
faul t condire rafe bRgai@ih fedrealoponBuctidretosatridasticn oftdzad Bt kaswhied ei n
t he hi gh i npedance path conprises a first path for controlling the

rate of tr8PErQlieBlY FoNgHF¥GNERMES- on to non-conduction 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 |tasiThesgstegoeltcian Sbigeretmiiadnpedantesiaf saidlfyst aibssgmidem

of claim?9 %tWQ%ﬁgir{&gggﬁd%ﬂpﬁ%@@ﬁ%ﬁw#]‘ said first and second paths

are indepeH ent” o ther he systemof claim1, wherein the
| ow i npedance path conprises a third path for controlling the rate

of transitiop, frQm copducti on to non-cgnduct.ion of sajd at |east, one
control | abl ypl_:o_nwg\.?cws\%n é”iﬁ%% 1aW5l’eée'[PglFrlPW ‘B‘é)teﬂa'_f‘?ﬁ p%%‘n‘imrl'sleﬁg? th{rae
rate of trgawifbi bhtfdlIHyY tAERaeAsTdrEKItIORN fioPn eeMILILEIbA 8N nBh-cdAbGCtRI dfeast
one controllably conductive device. 12. The systemof claim1l1l

wher ei n t heaif @biarshees centrallably eandugtivmdevierippt a fpetthpatiyfer controlling
: ndependenfheqfaaﬁe?ﬂpar%qttb%rfrorﬁsf'ron'—bbo%%ﬁl:ﬁtﬁ'\ t{oocronﬁﬁeﬁcgw%# i af REsPERUINt  Of
ro ower to a | oa

power delivere ma source of p conprising: a
cont r ol | abtontodiabilyctondectievdeviceconnect abl e bet ween sai d source and
said | oad, said controllably conductive device having a conductive
state and a non- conductive state;

12. The system of claim 11, wherein the impedances of said third and fourth

paths are independent of each other.

13. A device for controlling the amount of power delivered from a source of
power to a load comprising:
a controllably conductive device connectable between said source and said load,
said controfiably conductive device having a 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 amount of power to be delivered from said source to said load,
said first control circuit causing said controllably conductive device to transition
between said conductive state and said non-conductive state at a first transition
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, said

second control circuit causing said controllably conductive device to transition

Page 22



a first control circuit for controlling said controllably conductive
devi ce i n Xeh¥rernsaid gpgdudivediieipandsid sepen’iudive staie @sarsecapdit
signal repr j : ] ; ower to be

del i vered g@@%ﬂéﬁﬁ%ﬂé%@%% ?IgéEeg‘?ggﬁ;gad(](?ﬂrsgg@ﬂ%?r?gtgbont rol circuit
causing said controllably conductive device to transition between
sai d conducti,ye state .and,sai d . gon-condyctive state at a first
Cransition it el NGSUEs RECBERM Col PETIL e T Ura SR A1 e then the
cont r ol | ablsgcemhaassitiveradevi ce in a fault node of operation
responsive to the detection of a fault condition, said second
control circuit causing said controllably conductive device to
transition H)QgeT@ng\%%?ElaﬁﬁHg, &/ﬁ@%ﬂpmeyfﬁslst?%sﬁiﬁqgti%rﬂpris%s a first
non- conductive state at a secon ransition rate which 1s different
fromsai d finnsdn tateasd @i fost tuat-eff rdié.antiitbe devorcktrafsittdraiate t8mpribes ai n
the first trans'#ion r%e ios sl owe tha%t e second transition rate.
15. The devFe®'BRMPLiTAEAd AREFRIN U HE™  PFst transition rate
conprises a first turn-on rate and a first turn-off rate and the
second transition rate conprises a second turn-on rate and a second
turn-of f rata® 160® ¥REcCRE]Pleln dp. whalein 15 firghiernspt ratRds fiffesntihigminGr f
rate is difkeggniurbR@atdre second turn-off rate. 17. The device of
claim15, wherein the first turn-on rate is different than the
second turn-on rate. Page 23

17. The device of claim 15, wherein the first turn-on rate is different than the

second turn-on rate.



