STATUS | NDI CATOR CIRCU T FOR A DI MVER SW TCH RELATED
APPLI CATI ONS [0001] This application is related to
we eonenpdsgs assi gned U. S. Provi si onal Applicati orCcBes20a6/018377
No. 60/681, 276, filed May 16, 2005, having the sane
title as the present application, the entire
di scl osure of which is herein incorporated by
reference. FIELD OF THE | NVENYIFON [ 0002] The' present
invention relates to dimrers for controlling the
intensity of a lighting | oad, specifically dimers
that include a status light that is off or illum nated
to a dimlevel when the lighting load is not powered
and is illum nated brightly when the lighting load is
pover ed. SBAOKGRONIT OFORHERWHNTORM DIMDIERAWITCH
conventional two-wire di mmer has two connections: a
"hot" connection to an alternating-current (AC) power
pl “di, nmed hot"™ connection to the lighting
RELA&%@dﬁg%ﬁgﬂ%§¥H$ I Mmers use one or nore sem conduct or
switches, such as triacs or field effect transistors

[0001]( FETS)ThlE Qpplﬁ;@ﬁ{)ﬁ)is reheday Eéﬁﬁiongeﬁdsigﬁé@@ $.Prbiional Application Serial
htin oad and thus control the intensity of the

No. 6Q/68jrh&76 %}@é M@)ﬁi@&ﬁ)@@dtwmgng ﬁa;h@gtlgasgthp@msg@ gpplication, the entire
discl g% Metween .1 he hot g o |rmé9d hot connecti ons of
15¢ Oiuﬁe 1é 1?886%011%%% 8 Y &S mount ed di mmer s

|nclude a user interface having a nmeans for adjusting

the intensity of the Iighting | oad, such as a |inear
FIELDsOFd&E DAVEDITAOW knob, or a rocker switch. Sone

dinners al so include a button that allows for toggling

of th ting | oad f n1off no pbower is condycted .
100021 ¢ neTiq b Eegn el G O SR RE d ErsTgiog e lighting
load, sbécgﬁ&dlﬁlghﬂnﬁfégs tthﬁt intlud&h RALR Hglﬁ?tﬂa’c Bt &Qllhﬁ’ﬁ%)ted fota difh level when the

desirable to include a status indicator, such as a
lighting hedd is hefrgoveared anghis ildurhingied drighiddwhen E@)hgh@ng fdad igpewered.
|nterface to indicate the status of the |lighting |oad,
.e. on or off.[0005] Many prior art dinmers have
&Jﬂﬁf s that are illum nated when
BAC e connggte F?g'Phﬁ% oad is off and are di mred or

not illum nated when the connected lighting |load is

[0003]on. Onk cemampibealdfvosvichdianmiérinae two somdicstoos e thath cbluction to an
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alternatmg current (AC% power supp}y amdS a’ de mme%khot connect15on to the lighting load.

Standard dimmers use one or more semiconductor switches, such as triacs or field effect transistors
(FETS), to control the current delivered to the lighting load and thus control the intensity of the light.
The semiconductor switches are typically coupled between the hot and dimmed hot connections of

the dimmer.

[0004] Standard wall-mounted dimmers include a user interface having a means for adjusting
the intensity of the lighting load, such as a linear slider, a rotary knob, or a rocker switch. Some
dimmers also include a button that allows for toggling of the lighting load from off (no power is
conducted to the lighting load) to on (power is conducted to the lighting load to illuminate the
lighting load). It is desirable to include a status indicator, such as a small lamp or light emitting

diode (LED), on the user interface to indicate the status of the lighting load, i.e. on or off.



entitled DI MVER SWTCH W TH | LLUM NATED KNOB. These
di mrers include a neon |anp, or an equival ent |ight
waomeasissand a series current-limting i npedanee€r/u3ive6/018377

neon | anp and the i npedance are connected in paralle

with the sem conductor switch such that a voltage is

devel oped across the neon |a when t he sem conduct or

switch is non-conducting. Thus,- the neon |lanp wl |

[0005]have avanypeorsirt dintrhers haes inpupesiidynightdfahts thetvsk ilwninated when the

oSG Pt REE S A 85 AR

on. Of Shbhapld 8duck ﬁ‘aﬁhﬁlﬁﬁlsdi"sdld!;@d SRV Paht NBE3, 8641363, @fued Feb. 4, 1975,
the connected lighting | oad, the convention is

entltle?_)@&(@\{[EB Sléz Hig?c}é @)@N&T@Q BAQBaThessslimmeryigclude a neon lamp,
wh
o RO L B TR OB 58 e

impeddRe abo Ebhfie@dd in papglg &iinhd/bdmiddndutf twiteh udh that 2 voltage is developed

| NDI CATOR LAMP SYSTEM di scl oses, a | oad_control syste
across flteareondamp when dhecsgrieondupipr swidgh i negicgaduciing hhps, élhet neon lamp will

v A BBy DR A g s
Howeat Caviel @tbugh el detB/ehtlgdn of ynlinaichgithe night-lightlprovgtés an indication of the

status G108 BBl LB . @ GOTYEAGR IS TRBBHURCHS SPrBER Erigtation thatth

status fa lptéTl%uﬁ‘leJQ cﬁpﬁﬂéﬂ:&lg Eoﬁi@cfeﬁh Al 103 3¢ &l oot Weﬁ the load is off.

curtry for controlling the current through
connected lighting load. This |eads to higher costs
[0006]and | i d.§eRhtepdloe>Oh78AE, ipicdvedlay 21c d991 teotitled FHEEYATOR LAMP

SYST]S]&I',I g}sal&s%sonapﬁg%ér&mq 8;’% Eﬁa’c g%%%ngm?}?g iy 1" B}%prgwdes a dim light when

the loaﬂ‘gﬁ)rvsféi? RBF ohd Sovides %H?]i ePh &R S feh MBe maa mwe]plsainl QWe @im light that is
anced set of control features and feedback options

prowdp@wln@ thedightisg load Ap oEsiabpsle eapugh torbgseerinfdarkengd room. However, this

systen15re éﬁgn}) éllgcéﬁg Qﬂnié%l?e%?é ﬁ%@gltfi}&g% e %!]?mgctﬁ E‘ﬂﬁh[\%d related

contro%ﬁﬁ&fd@%lﬁﬁhng\khedﬁmeﬁt ﬂhﬁﬂ@h the meaed hgletchg)ly)ad This leads to higher

reference in its enti mar t rs.typically
costs an dimmjied spags Qiy the pﬂyteéfclrs@t b%&ré K%CB})%@ SENHET- of user

inputs and a plurality of LEDs for feedback to the
[0007]us er $<ﬁn9%ﬁ|&r art AP QY hfé%oﬁsﬁéﬂ’e@ @Erﬁ%"’ @iﬂmér@@ncé’ 8l 38Qude a

ower the m croprocessor and Ds, the di mér
m1croqontrb1]|decs othep pmesmgnqnbgns tb allawtamdemed setet pomtheartures and feedback

. the, power supply ca W a t th
TR PR A
No. 5,480 B0 &t dlSept.| 18, 909 fenti@e PLIVHHENG MONEROL DEVICE, which is herein

incorporated by reference in its entirety. Smart dimmers typically include a plurality of actuators for

receipt of user inputs and a plurality of LEDs for feedback to the user. In order to provide a direct-
current (DC) voltage to power the microprocessor and the LEDs, the dimmer includes a power
supply. In a two-wire smart dimmer, the power supply can only draw a small current through the
lighting load when the semiconductor switch is non-conducting. In order to provide the LED
feedback to the user, the smart dimmer is required to include the microprocessor and the power

supply, which increase the cost and design requirements of the dimmer.



feedback to the user, the smart dinmrer is required to
i ncl ude the m croprocessor and the power supply, which
WO p@caas568 t he cost and design requirenments of PEEUS2006/018377
di nrer . [ 0008] Thus, there exists a need for a sinple
status indicator circuit that does not require a power
supply or many ot her conponents and operates in a
manner in which the status indicator is off or at a
[0008]di m | eThis, theeecxibte alneghfor ngimldadtaitlss indicataneireuit that does not require a
bright |evel when t SUMVARY. OF
power RRRGRARY BT BBBOTOTARTEP S ATt PR in SPRLE ™ YR/ h D giftus fndicator s off
orata hﬁﬁ‘@ev@%hér?ihed%ﬁhﬁg 1da@%s 6 ahd & 4 brixht Idve] AABN tHe 104d is on.
power delivered to an electrical load froman AC power
source conprises a controllably conductive device
adagﬁed to be coupl ed between the AC power source and
SUMMAR éDE&%ﬂEE%th%EQP&o control the anount of power
delivered to the electrical load. Atimng circuit is
[0009]adapt ezg% dlﬁg t& g%é:sgnﬁﬁ{/éﬁﬁ%ﬁ 4 R&d A&ltﬁﬁ‘ﬁ%{flcé 'f&mo)ﬂtréﬂ‘ﬁg the amount
ting | oa has an output for provid
of powter deln@rezl tgraalelectxidal logd doiman ACrmmwer sowce p@npmes al Opntrollably

upl ed between .the o ut of timng circu
condufhEiegiee ARIES BrORED EEREPERR H1A SCabmEb R Py hLbe RCurdal load to
controlfA8 aldoLuBOS oM Aklivaéd tolthe QREFRRI16ad. OA GidMIAK 6frc1Bt is adapted to be
control current through the control input In response

coupletl between therhQposiey sepply Tbthdilighting foad ehé hacanpipelder providing a timing

signal.i%?fp g%qnn(%%ﬁggﬁ l?sr (g%éa{tgvg Vgo&gﬁg%g{\iﬁeﬂ% ongu th tfé%ﬁmmg circuit and a
control i%g@wﬁﬁe tdiftfodably doB@iddilve ASEOE. dT]i@trig@elﬂné bl[‘(ﬁﬁt is operable to conduct a
odi ment of the present invention, the status

contro} gyeshthspugh the gentrql dnpud ipicarprise tosthe “U@gn& pigagly jThg|dimmer further
compn%%&? &?ﬁls Pk t!)lhcn%ug%@@%bfe% c&flc}l.fopﬁle cb Q:u‘f‘lleﬁf:ﬁ(tjid nqré\'ﬁ‘&g a status

u3|n 1S | um na

nﬂxmﬁ@ﬂ@he%hﬁmymb&uelectrlcal | oad i s not pomered and the
stat us indicator is illumnated to a bright | evel when

the el ectri.cal ad | omere 001 ord
[0010]5 ¢ c on P @505 8E ﬁ%?’l I er nﬁ“&%ﬂﬁ? &’th“' HPY ont g@%“ﬁtlﬁ‘%‘cator circuit

is couﬁl&ijfncs%h% el‘éétﬁ‘é%'cbnh&:ﬁ%ﬁ Wheéjcabﬂclﬁﬁ ro&”% tﬁhi%%tc'iﬂcﬁl@ kuch that the status

onnection wth the control input of the sém conductor
1ndlcatswstlﬂturnw®ﬂ’d tb atimt lveel sthan de almlrwﬁéﬂ@d is gotpstwered and the status indicator
oad i s .not powered

i il o ks b gt BVt R SR SGticatFoadhif RSV ER A pon b

el ectrical load is powered. [0012] According to
[0011]anot he lEAcgd)l’ﬂﬂiE tﬁffaﬂ;teccﬁfd dnfddph&s ofithd preent indentich, teathtus indicator
control device for
circuit is coupled in series electrical connection with the control input of the semiconductor switch
such that the status indicator is not illuminated when the electrical load is not powered and the status

indicator is illuminated when the electrical load is powered.

[0012] According to another embodiment of the present invention, a load control device for
controlling the amount of power delivered to an electrical load from an AC power source comprises
a bidirectional semiconductor switch, a timing circuit, a rectifier bridge, a triggering circuit, an

optocoupler, and an illuminable status indicator. The bidirectional semiconductor switch is adapted
to be coupled between the AC power source and the electrical load. The timing circuit is adapted to

be coupled between the AC power source and the electrical load and has an output for providing a



controlling the amount of power delivered to an
el ectrical load froman AC power source conprises a
wheraeneesss onal sem conductor switch, a tim ng BCT/UB2006/018377
arectifier bridge, a triggering circuit, an
opt ocoupler, and an illum nable status indicator. The
bi di recti onal sem conductor switch is adapted to be
_ Qouple%_betmeen,the AC pomer‘%ource and the electrica
timing pighef. Thegeatiter adeq having ACdermingls eennled todhe uppgeircuit for receipt of

: t r -ang. . electrical. |load . .
e i AT SCAGRRIE, TROMGE DS ShGLE bl it oo
with the Bt fefrhimnlshfitogectiferibnggdend BrounalesizéDbph 8ebakDvbeoltage. The

for receipt of the timng signal and

. .timnlﬂcirc%g - . L.
triggeripg CHERLISOPerpREe to cPRYNSE R SontEsl carrrRt Whencovpitage apesssthe ragsgering circuit
IS8 Bhdak Gl eI CrheLPY i
cesedE 801 e OIS g SRR EBEBU osy oolin
series elegfricaeonnFeieont witly gertiiggerigraiueinit and aw petpabémipled to dineigitrol input of

the sem?clzo.‘rﬁgﬁ%tr r.O "’le 'gc ;:}@H%rhgggﬁ %%gl\ﬁgl?%?t%g a{ﬁf élgér?%;th Htg:rép%ogc%%l%g conduct the
control Chir@€ ek Batpat 6CME optotbeh1ONk BEQHPI?S cHRRICAR ghBRMrent through a control
coupled in'series electrical connection w ?h t he

input of the gefeicPRdcitrsEich, thergbarendaripgithesowpiondudtor switch conductive. The
WY

the input @tfithecdptédoapleanThebtatus fidigior it RmeALE Wheh tidWectrical load is powered
ocoupler is operable to conduct a gate current

Qpt .
and n"ttlﬁ%ﬂ’éf?dé"l@@ﬁ}ﬂ? glectrifpllpacis nohpovsergd.c Brederallor thewimuier further
. r r " 0 3 O Cl.d . . .
compig SRt AR EF LG BTSN SR, SN ol it and
the inpugloé tterdptaiouplon rilee tircomt Wiritcitcni opeiablpas ilingt tiemEaginitndnel the control
the input of the optocoupler. The status indicator is
curtenty | | yni nated when the electrical load i s powered and
not illum nated when the electrical |oad is not

[0013] power dternth eIRrALIMmihe SatiiBRditHbL QY HE P 1é£ﬁ%leﬁes electrical

current limt circuit coupled in series electrica
connectiiridle thedrggdring citesit and guearalia elscirisal ¢conandionhweith thetitput of the

t | er e.current |i.mt circui.t operabl . :
optocougger] I[&?ﬂcc%@{n%ég #‘gegcﬁllr{e&ggmgfcnt%fi ?18%% %i];s(tj r:uxg?ﬂt:i porFleB fgljlpeled 1n series
electricAlcoriigedbn wathythe inpat of thel 6p RSk RerSbAalitStin gHE GRtleBfudBYf tR€current

coupled in series electrical connection withthe
throughths Fgwh pRtya s9coRd curranidipihperiioalcrenledinseries elgptrical connection with the

. . i ' . he.. . t . o

i 0SS LR SR b 5 0L BUP oy e aus micaton
current limt portion coupled in series electrical

[0014] connelntaddition) thie présent inperttionffutiine po@tidesaLmpkdiod béproviding an

i TR 2L Ay bl e et
an electS&] &% R ah NCRHOWSHANRE! TR nyMitda éoﬁ?prises the steps of: (1) coupling a

controllably conductive device in series electrical connection between the AC power source and the

electrical load for controlling the power delivered to the electrical load; (2) conducting a charging
current through a timing capacitor; (3) conducting a conirol current through a triggering device in
response to the step of conducting a charging current; and (4) conducting a gate current through a
coniro) input of the controllably conductive device in response to the step of conducting a control

current. The illuminable status indicator is operable to illuminate in response to the step of



illum nable status indicator for Iimting the
magni t ude of the current through the status indicator.
wQ 0@EAY45581 addition, the present invention furpdEUS2006/018377

provi des a nethod of providing an illum nable status

i ndicator on a |l oad control device for controlling the

anount of power delivered to an electrical |oad from

an AC power source. The netho8-conprises the steps of:
conductiby theoegmitioh gursent. oHtetfe:rthlabﬂhy ilbomigelde istagisdedicater isralso operable to

series electrjc ction, bet ween the AC power

itamingf ip SEsngY (DRS B 6 MBS HR CRUERESHEFEE |1 gt he
power delivered to the electrical |oad; (2) conducting
a charging current through a timng capacitor; (3)

BRIEFCOPSORIPTIONOFOTHE OIRAWINGSt t hrough a triggering
device in response to the step of conducting a

charging curren conducti n ate current
100151 1y ougHEal SeTIBs vien U e O REVBBHT FOPABFFEIIGEPve
device in response to the step of conducting a control

[0016]¢ c U r f er’Fl Thovs d SRR Gashal S thddlEaiRAmESineRa3Y ®atus LED
%1 nate in response to the step ofconducting the

accordmgrtb radlrstoamnhoeinnentlérf éfeemmhyl,nverk‘tembl | um nabl e status
I ndi cator 'S aI so operable to illumnate in response

[0017] L2 3l £y aﬁ%ﬁgrﬁwg@l%%‘&*}g 9@}9 dfE PR Ffatus LED

accord b alsBédf @ﬁlﬁ)d@ﬁerﬁ offtepeescheMivagion; st at us i ndi cat or;
016] Fig. 2 shows a schematic diagramof a two-wire
| mrer_i ncluding a status LED accordl ng to a f

[0018] e odi Figirft shsrvs hishrmaticetipgiom bt Fonvire Sppr xﬂpbldue a status LED
accordﬁ%qw &ﬂu& ERBIRL et g{t@%ﬁf’e@hﬁﬁ Genti¥fp- Wi re di mrer

Ing a status accor ing t'o a second
enbodi nent of the present invention; [0018] Fig. 4
[0019]s hows Rigststevetd shetnatiy dingram of a two-wiire dindinemiseluding a status LED

accordB1rg tPﬁgIOblglé g@ﬁ?&m{}%ﬁ%ﬁ&g?%gﬁvn 59 gaa dt5hlS rhg \/\2 n‘g odi nent

schemati c diagramof a two-wire dimer including a

[0020]St at usFikEDstases dhagatiodiagihpusftdwenkiedirmintr @thidig a status LED
present invention; and [0020] Fig. 6 shows a schematic

accordmga?g edHilosmbodimenigfitee pressmb FiveRddi ng a status LED
according to a fifth enbodi nent of the present
i nvention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

DETAILED DESCRIPTION OF THE INVENTION

[0021] The foregoing summary, as well as the following detailed description of the preferred
embodiments, is better understood when read in conjunction with the appended drawings. For the
purposes of illustrating the invention, there is shown in the drawings an embodiment that is presently
preferred, in which like numerals represent similar parts throughout the several views of the
drawings, it being understood, however, that the invention is not limited to the specific methods and

instrumentalities disclosed.

[0022] Fig. 1 shows the user interface of a dimmer 10 having a status indicator 12. The
status indicator 12 is provided as part of a button 14 of the dimmer 10 and is made of a transparent
piece of plastic in order to conduct the light from a light emitting diode (LED) inside the dimmer to

the user interface of the dimmer. The button 14 controls a mechanical switch inside the dimmer 10



[0021] The foregoing summary, as well as the follow ng
detail ed description of the preferred enbodi nents, is
whedbaesssrder st ood when read in conjunction w POT/UR®06/018377
appended draw ngs. For the purposes of illustrating
the invention, there is shown in the draw ngs an
enbodi nent that is presently preferred, in which |ike
nuneral s represent simlar paPts throughout the
such theeareacihationeishaobuttond 4dvidhipgels the conbedt lightherlgad)mjand off. Aknob 16

s ro S S35 b e IR b S it on

Movm% AR2glob ’:1'69&) tHe t%fi QBhe &t 1851 ihdrb@keitBe BrtdksitR oflt H@T@htnl% load and
aving a status indicator 12. The status indicator

moving therknobildda thesbapiam ofhe slobl wilhdacaease therigtegpitned thg Gghting load.
and is made of a transparent piece of plastic in order

[0023]t 0 Corﬂg sh&% Aﬂv%h\;m% Hﬂﬂ?ngr dOgiH[f*luﬁ L tét%‘? fgﬁ,ﬁdﬁﬁ(alcgghlng to a first

i nsi de mrer to e user in e dinmer
embodihént i tHeqiteskat Braiitici. ST diateadOe his tswi donhedtionb:deHOMeerminal 102 to

an altomggE-eunRR AR REREE T GHLA T 4 RRAMED B tameciionl o a ighting
load 16? Aane%&m&ﬁ%%@h 9?6 t1 inSEQls vt jéh% I-?d)*l“ QWnfiR41 aﬁghyt%ggl‘é@ between an

I ntensit e connecte I ghti ng | oad.
open ahbwictoged ktetelhydatuhﬁon of tHeebuttoxp) 14bf theeisel interfbBe.whien the switch S10 is

o RS che e bt 8 L B 0 B0 o s
hghtlng E@ad' i0h&NBlindd. 1he dlin%{& I1 0@ aﬂs@ 3ehpldyd @4 Ihdufctdd 1,19 for 1n ut noise/EMI

a two-w re di nmer including a status LED 1
filteringccording to a first errbodl ment of the present
i nvention. The di mer 100 has two connections: a HOT

0024, P A 0P AR e U i 10,0 cono

the amblg¥ficigehtQRUvd@8 to helipbtianicadll 08 uhd tHus SbIrdlghé intensity of the lighting
series wwth the HOT terminal and is tog%l ed_bet ween

load. ‘BisetnianhdO & empledbettepndholiOdctemainpblf 2omdithe DA ER HQ terminal 106
of the ?%nrﬁ%g O%Sa%ﬁ LSS aa(ﬁ W‘tﬁﬂ vb n%esa\f"ﬂ?ecﬁg\ﬂ\ﬁﬁ HEP gegmmal to power the

source iI's conpl ete I sconnect
hghtmg Il(QidD 1t0|8€ Tlhlegllﬁtnmg-ﬂooadltag@ 8pmarisestapimsée-bet AC gobttagegwiedoim, as well

i |lum nated. Tedlrmerloals | oys
knowry e o S vt SEOLR GHIEEH EVED ?P{CtVéqudﬁg%l@[ lsepApacrafier a certain
phase Qi)gi@@lf ea%ﬁ%aﬁ@hl@@ﬂ?c&@%zﬁl@fb%&?t or switch, for
trrac 110, to control the anount of current

dellvered to the lighting load 108 and thus control
[0025]t he | nAenmngylrcmt t A ecdnipykees atesisteretapFtitor (RCheirauieangected between

the 1n%? {Liﬁ ﬁ.‘pﬁi Q}%Mﬁ% ﬁgﬁ" %e?r{nrﬁ]af]fa% Iilac\')/i?ngaa{] gotterrﬁ?on%t%fb and a

capacitor C10. The timing circuit 120 controls a firing voltage, which is the voltage across
capacitor C10, for turning on the triac 110 after a selected phase angle in each half-cycle. The
charging time of the capacitor C10 is varied in response to a change in the resistance of

potentiometer R10 to change the selected phase angle at which the triac 110 begins conducting.

[0026] A diac 130 is in series with the control input, or gate, of the triac 110 and is employed
as a triggering device. The diac 130 has a break-over voltage (for example 30V), and will pass
current to and from the triac gate only when the firing voltage on the capacitor C10 exceeds the

break-over voltage of the diac. Current will flow into the gate of the triac 110 during the positive



of the dimer 100 and provi des a di med-hot voltage at
the DIMMED HOT term nal to power the lighting | oad
wae@s/134368 di rmed- hot vol t age conpri ses a phasePCTUSG/018377

vol tage waveform as well known to those of skill in

the art, wherein current is only provided to the |anp

| oad after a certain phase angl e of each half-cycle of

the AC waveform [0025] A tim/ng circuit 120 conpri ses
half-cyales @ad stioof-thapateiof the t{iRGJurtig thenegation helftceoﬂeﬁeﬁmmnt limiting

res1st0}hg$; h %‘% Ué'folln? Hﬁxg ht%l Ogt%?%c};%ﬁ {TOIIB éa?aﬁ;ﬁ%s the gate current

in botH hAMLH@1&l rcuit 120 controls a firing voI tage, which is
the vol tage across capacitor A O, for turnlng on the
triac 110 after a selected phase angle in
[0027]ha] f - c@laq @Emmygd QHEPQPWQHWSr?eSt@FS LH %’%&B&dﬂpo‘ﬂh@l@ gagmected in

series \Xfﬂ{len 2 dt@o{ B%&g%t Cyic an ; CHCI?IP €40 fgﬁhﬁ%@ﬁﬁ%’t s LED 145 inside a

ecte ase ang
rectlﬁ@ﬂon‘d@e BR 10hwhich Icampﬂlﬂf& d‘m@s mBlOg:Dm o1 i014,ragd Hl@O%:ﬁrsQ\pair of AC

termingls A G 26 I 3gR PRI 60 pTrEiay 41 cp Flegse FRpmecton with the
diac 1HEMS rr%p@}qﬁir%‘i‘es]&g{ F@f fd RE LSt OV EE tQY fl"w el“l{efa(i’bde of the LED 145

exanp ass current to and fromt
is conrteciedcto et posuive putphie PG ﬂaanlﬁlaﬂi)@g of dialargtge(BRl(hzmd the cathode of the LED

T R R R —
proper @irebiich ﬁ)ﬂﬁl&ﬁ‘?ﬁé L Emeh@ink boChBEcyRids. Q)ﬂmfgfthé P6sievd alPéEycle, current

the triac during the ne‘gatlve hal f -cycles. A current

flows thiavighithgydiode D40 othe RETDR 145, ghd thetdiededd t2- el thenegasive halficycle, current

o B 5l DS A gl ores, e oate

al so conprises a status LED circuit 140, which is
[0028]C onnecwaen e ssetch &3 0Mé bent e A@bewef sdubee 104iiadistdghected from the

he status LED circuit 140 incl udes the status LED 1
hghtmg Headdld8and g tept frthepirqygiey sRhedipee HOG ohls: dgs! sordé'g 145 does not

1llumu§@h%é§1:e 1@%6%@% rll@%@s f@ fioleberP@hin G s‘%gch%rlmlé]ﬁb&d the lighting

RI O are connected I n series
load 168 wit bé pabered mntéﬁiblstammE]D 14hevildibadlvuiBdatet oy theigate ngrrent of the
_ [mting resistor R 2, and the gate of the triac 110.
triac lifhe anode of the LED 145 is connected to the positive
out put DC term nal DC+ of the bridge BRI O and the

[0029]0 at hodg, pfovidee ddsiPat1s asMRGb M e iSertifter MEISH thy Bin@MEPLTD, the status
DC term nal DC- of the bndg; to ensure that current

LED showddbe (lit ait moqstaubmtendit}' whei ltghtlngl &tadt1R8 is e Engrdergior the status
LED 1?8 l%%ﬁ umifiat cli 804 cons{an{] %teng?y,% é/g% cl&ﬁ]eﬁt t%}[OQJgﬁ 'the LED must be

substantially constant. Because the current limiting resistor R12 limits and balances the current
through the LED 145 during both half-cycles, the average current through and the intensity of the
LED 145 will be substantially constant. Preferably, the magnitude of the average current through
the LED 145 in Fig. 1 is approximately 1.5mA.

[0030] Fig. 3 shows a two-wire dimmer 200 including a status LED 245 according to a
second embodiment of the present invention. In this embodiment, a status LED circuit 240 is in
series with the firing capacitor C20 of a timing circuit 220. The status LED 245 is included inside a
rectifier bridge BR20 to ensure that current flows through the LED in the proper direction in both



flows through the diode DIO the LED 145, and the
diode DI 2. For the negative half cycle, current flows
wo booeagtssgli ode D14, the LED 145, and the di odeP@W652006/018377

[0028] When the switch SIOis open, the AC power

source 104 is disconnected fromthe |lighting | oad 108

and the rest of the circuitry of the dimer 100. Thus,

the status LED 145 does not +8Funmi nate when the

half-cytleghWWhen thoeapadidd C2) istharghgweviag cacthleaif-cyvde, swirbntfldsisOhrough a

is cl d, the | ad 108 wi ower ed an
potertipges ROy e BB o b A0 )oT HE *GLee At the node ACT
of the H‘ﬁﬁ’g”e@mméxc%&% thé bRak-b+& voltldOL81 thd @ideri3vi @€ capacitor C20 discharges
desirabl e aesthetic for the user interface of the

througly therstatusi DBD 248 Témlatthsstmawﬁb%ﬂ%ofﬁbe peopnd empodigest egnducts current

when th BRI Rntebf sl P RS B4 R o putses of

currentl dHri@REat Y lind HR1SYEHAAE FAirdreblirct N0OUThe porentidrhbtorRR20 prferably has a
substantially constant. Because the current limtin

maximpgsessiencryt 0K i e CAPRFBRICAH ba CapRgiter Sy Heis Pra by SUF-

the LED 145 during both half-cycles, the average

curreng, t
00311 S YA Skl ANE BRIk e
independent bﬁtlmf&rrgmgﬁnfrthmdmtmermfbgm ¢.Hlee mmimg ﬁmemfF‘éhgcapamtor) Each

halfoxgen B oS8 o PH S DR GE AElIgvacks s Gt Vel ghat 4 pproximately the
same as ﬁ%o Igankgﬁ?é?% %Et ofthe 836 190 e$RNY tHebherel OR; thhiackhinflates on the

atus LED circuit 240 is in series with
capacitoh€20iis $ubgtana¢bcﬂlbeam€aﬁhdfalhwlmlnge circuit 220. The
status.LED, 245 is included inside a rectifier bridg .
BR20 t%c ui\llg’that current flows through the LED |§Equatlon D

where Ch@tlférdaﬁﬁﬁtaﬁbé §thk @apakco©L( Mabit-tieat @ﬁeﬁcﬁlar%ﬂ‘@ﬂuﬁlhﬁted on the
capacitor C20 is chargf ng during each half-cycle

capacitoy £28 it equabiesthe Ftearaloiahgchassing Swment wittorsspachte tinatigs
LED 2 tfie capacitor C20. When the vol tage at :
t he ng(g‘Le iétt)(ﬁ the bridge BR20 exceeds the break- oQIEeqruatlonz)
and that e aﬂ@mg@fchaﬂgmghmnﬂ, 30,4y, ihequmbaht imegral6Y the slehgingesrrent with
t hrough the status LED 245. Thuys, the status LED 245
respecigp U[ﬂllﬂad@@@érbb{ thypriind At iitegatieides current when the
capac 15[ iC. i ng and di scharging. The st at tion 3
LED Zlgtg E@QFC) Ingﬁtgpul ses of current during each &ﬁluamn )
where Tilﬁ&leqiﬁﬂbé ofithetline fAGuamy(i.c.s 60 Hzer 504z)THbus, it can be determined that the

oSk BB 120 R S0 Vs, 8, TIN5l S5 A5Re chces,

that acBRhIGle@ R HibOad@4Iy constant from one half-cycle to the next.

[0032] Since the average éharging current and the average gate current are both substantially
constant, the total current through, and the intensity of, the status LED 245 are also substantially
constant. Preferably, the magnitude of the average charging current is approximately 0.2 mA, thus,
the magnitude of the total average current through the status LED 245 of Fig. 3 is approximately

1.7 mA.

[0033] Since the status LED circuit 240 is provided in series with the capacitor C20, the
status LED 245 can be set to a dim level when the lighting load 108 is off. A resistor R24 is
provided in parallel with the switch S10 in the dimmer 200. When the switch S10 is open, the



[0031] The average charging current of the capacitor
C20 is substantially constant independent of the
wo pooongsasgl e of the di mer 200 (i.e. the charptnysSiooerels377

of the capacitor). Each half-cycle, the voltage, Vc,

on the capacitor C20 reaches a maxi mum value that is
approximately the sane as the break-over voltage of

the diac 130. Thus, the charg% (x, that accumul ates

res1st01oR24 pmvmp a@lathdlo cﬁm@e itlee epbsiton G20 Itlye tihimggarenit@d0h The resistor

et B a5 Sapet DR A e B S woi

charge(fﬁ ﬁ{egﬁeaﬂicml)ﬁﬁ%%doﬁl@e 4ihe 15RBRA HaHLcycR0 Thuis 88Y 8latsL.ED 245 will be
e integral echar%dng current with respect to
t

illumirtatadsiueito the ch@xging ¢urrang of papa(cgqlugw only?2 Sinpedhe pharging @urrent is

s S LB LR b g OHBL AN st o i

level \xﬂieﬁ 'tlﬁ’eel@glﬁﬁﬁ tl&'ﬁ I«‘U@fﬂs o¢f, afheidith @@cdisi ReferablEbrillibat e‘ﬁ()ugh that someone is
* |c(t Equation 3) where T is the peri
able too)flew H@ qtatm;mﬂrcg@géﬂ the user intesfycegn @ﬂarggquzr))omq-m}éhml epough to be

a e det clarn g current,

aistingf )8 o5 BB el Weh 5 SRS ERRAIRIONED, T e

since the charge, Q, that accunul ates is
[0034]subst aFipi asHowwscomal-airt dirmer mﬂemh]aﬂfr}gczystates EBDt 36 according to a third

next . 032] Since. the average current a
embodiment.of @%@se@aﬂ@e@m SFite Gimaio 3P ﬂlﬁ@? afhiing FW“{] $50 comprising a
potentﬁ?ﬁ%?ér%b a Eﬁﬁ)rﬁtﬁﬁt%lesﬁﬂé? R8N ardd @pStior @30 4hfl %pbﬁie%'iﬁ hlsMnilar manner

he "&t at us are al so Substantially

to the ihaigt dmetit oPtleffeedbliytwa ¢nebadigents.ude of the average

charging current is approxi mately 0.2 mA, thus, the

[0035]rragn| tpdesof ”}@P gsodnché q%gae{gg%%@l)rg{c%% 1tt3§60\9g£}ﬁ_kgﬁpnses two

st at us

transistd?9 3D, BN Qﬁ'otrélsﬁ‘stéﬁsdlﬂSRBEQn@larzﬁ:ﬁdzﬁdlaéé)ZMﬁ Phiotvigdedng ¢ircuit 330
series wth the capamtor 'C20, the status LED 245 can

operat¢seingigimily fastdpmng o dlacyide qirsaits phihe |pﬁ@/1@1@§§womﬁoqd§neﬂts When the
Voltag% Wr{)%sﬁh%f%gse}lgé ﬁfj@tﬁt 3??0 &cg%QExgwer B%Iavlollt%% é‘f%@ 6&1:%2 diode Z30, the

I Tmer the sw
zener @P&beginkadondiGinglcuRR4t. primvireksovar paltdpetaf thdzengediotie 230 is preferably
capaci tor C20 of the tim ng ﬁerUIt 220. The res

30 V. EMﬁ@ﬁ%ﬁP&Qﬁﬁ?eﬁnﬁ ﬁ?@éw@i% e yaltags acrass ﬂ?)?ﬁﬁﬁtpékgg reaches the
requlr#%%m%h/oﬁggé of HEtGRARAGI OF. £381thge MIRA Folifted across the

resistor R32, which causes the transistor Q32 to begin conducting. This essentially shorts out the

zener diode Z30 such that the zener diode stops conducting and the voltage across the triggering
circuit 330 falls to approximately zero. A pulée of current through the triggering circuit 330 flows
from the capacitor C30 and through a photodiode 355 of an optocoupler 350, which allows current to
flow into the gate of the triac 110 in the positive half-cycles and out of the gate in the negative half-

cycles.

[0036] The dimmer 300 further includes a current-limit circuit 360, comprising a

transistor Q34, two resistors R35, R36 and a zener diode Z32. After the triggering circuit 330 begins
conducting current, the current will flow through the photodiode 355 of the optocoupler 350, the
transistor Q34, and the resistor R36. When the voltage across the resistor R36 plus the base-emitter

voltage of the transistor Q34 exceeds the break-over voltage of the zener diode Z32, the



charge to the break-over voltage of the diac 130 each
hal f-cycle. Thus, the status LED 245 will be
WO bdoare4ssg ed due to the charging current of theCT/US2006/018377

capacitor C20 only. Since the charging current is

substantially smaller than the gate current of the

triac 110, the status LEDwill illumnate to a dim

| evel when the lighting |oad 08 is off. The dimlevel
transisfos Q&Aeff’lélreatﬁryhdimdar r@gmn aenddunglh thetraitrestoiiew nat w@ha bngter of the

wansisigr e BRF Fo SR Yer & K aug bl R Bind P Gt fotase of e

zener d%’cw 73 pbéfeﬂtbly igve H‘h@é&eﬁlﬁe@ Setl th@ Bilrr i linaeek the Buirént-limit circuit 360
[0034] Fig. 4 shows a two-wire di nmer 300

mzmp¢%%mﬁﬂvﬁguh status LED 345 according to a third

enbodi nent of the present invention. The di nmer 300
0037] NCI UAAR Fathd ﬂEﬁ 48] 330, th
(00371, 0 ettt DD 48l ld e 20 SRRl hifhring cncuit 330, the
photodttm#eééﬁtodi Ithe(}itﬂomuﬁleo pe0,and shd cur@nslimil cucuitdnooe Slrtoe thefmlrrent-hmit

ci.rc t of the previous. two enbodi ts. [0035
ciruit 34 vl it Sstefe B B GHOD Rh (4 Yeur fﬁ@% Fmong Bgltovcle to the
next, tWUvefhgs %ﬁﬁ&ﬁt&%éﬂ‘@n& 28  oF thSQatulBED \tvil’lpréemaln substantially

resistors and a zener di ode Z30.
constanty Begaus ige Gifquty of tBe Ginmper 340ssili motde $>DW|eteelrwIﬁeansthe ewitch S1 is open,

the staf§R £ BRE S Bt Sk Aokl b Bt BB BHLRIR Lo i ng

circuit 330 exceeds the break-over voltage of the
[0038] z e ner R QshofdQ, twioh@irg ineherdd0declbeiic At IUBD445Giccording to a
rrent. The break-over voltage of the zener diode Z30
fourth ?@b?ﬁl@ﬁm fithg prseny invergon. r Jinfas tothegpeprdegihediment, a status LED
circuit 9@6‘ %ﬁgtssh?% With {hré%aféagz tggggo grﬁl %ﬁm}lg% §ﬁ§3 Of‘liu#)gfgrus LED 445 is
1ncludetdrmmde smmﬁesmdg% BR4G omsiie thd enrrpmtdthymﬂrcﬁxghmlsesLEan both

resi stor mhlch c uses the tr nsi st or to _begin
half-cyglgp F?lﬁtgr HhisprdeR iy %ﬂrfﬂiﬁléﬁﬁ@r §SRE ShE Dlayefhe statis LED 445 to

111u1n111q{quea QQe%l%eﬁﬂ?élléﬁﬁgqgﬁ% offi ode stops conducting

he vol tage across the triggering circuit 330
faIIs to approximately zero. A pulse of current
[0039]t hr oudhg tthshomsiagiyerwing dimimen 00 lséodmg@mttﬁsrbmt%é according to a fifth

embod PR3 fipareesB enis. A Bt S PRPSraiey o Bt it ireit 560

that co@ipfiSesAvolth@sislor#Q544 005 4B IthRe PESdtdrs RSSNRE6A CRS6B SandiGrener
out of the gate in the negative halfcycles [0036] The

diode ZfiZamidhe p@@@dmﬁeﬂéé of thecapiereypler 330 isanserigsyyith & first gpgrent limit portion
that 1ncé%%s dﬁfg{ ﬁ&ﬁsﬁgorg?éid@%%% ?%&rﬁ% fig\o il“flg ﬁ%s? t(:l?llignt F‘)ifla’rgt portion operates

zener ' gger
to limitcthé curirént FOutete photodiode 355. The status LED 545 is in serles with a second

current limit portion, i.e., the second transistor Q54B and the resistor R56B, which operates to limit
the current through the status LED. Accordingly, the current-limit circuit 560 includes the two
current limit portions to allows for two separate current limits for the photodiode 355 and the status
LED 545 as set by the resistances of resistors RS6A and R56B, respectively. The break-over voltage
of the zener diode Z52 is preferably 3.3V.

[0040] Although the present invention has been described in relation to particular

embodiments thereof, many other variations and modifications and other uses will become apparent



conducting current, the current will flow through the
phot odi ode 355 of the optocoupler 350, the transistor
waBbs/ 124388 t he resi stor R36. Wien the vol tage aPCDES20061@€18377

resistor R36 plus the base-emtter voltage of the
transi stor (B4 exceeds the break-over voltage of the
zener di ode Z32, thetransistor B4 wll enter the
linear region and linmt the-cddrrent flow out of the

to thoseshitledm the atthdt is peafeirst, threrefGregthae thepresenteinpéntionede limited not by the

..resistor R36 is preterably 470Wand the break-over

spec1ﬁ%§1|s?]8§1gegpreﬂmguggwgﬁayaﬁ%ﬂ%)e SIS of er abl y 3. 3V.
These val ues set the current limt of the
current-limt circuit 360 to approxi mately 6mA. [0037]
The status LED 345 is provided in series with the
triggering circuit 330, the photodi ode 355 of the
opt ocoupl er 350, and the current-limt circuit 360.
Since the current-limt circuit 360 wll limt and
bal ance the current through the status LED 345 from
one half-cycle to the next, the average current
through and the intensity of the status LED wil |l
remai n substantially constant. Because the circuitry
of the dimmer 300 will not be powered when the switch
SI is open, the status LED 345 will not be illum nated
when the lighting load is off. [0038] Fig. 5 shows a
two-wire di mrer 400 including a status LED 445
according to a fourth enbodi nent of the present
invention. Simlar to the second enbodi nent, a status
LED circuit 440 is in series with the capacitor C30 of
the timng circuit 320. The status LED 445 is incl uded
inside a rectifier bridge BR4O to ensure that current
flows through the LED in both half-cycles. A resistor
R44 is provided in parallel with the switch SI to
allow the status LED 445 to illumnate to a dim|evel
when the lighting load is off. [0039] Fig. 6 shows a
two-wire di nmer 500 including a status LED 545
according to a fifth enbodi nent of the present
i nvention. The di mmer 500 incorporates a new
current-limt circuit 560 that conprises two
transistors (B4A, B4B, three resistors R55, R56A,
R56B, and a zener di ode Z52. The photodi ode 355 of the
optocoupler 350 is in series with a first current
limt portion that includes the first transistor (BG4A
and the resistor R56A. The first current limt portion
operates to linmt the current through the photodi ode
355. The status LED 545 is in series with a second



current limt portion, i.e., the second transistor
B4B and the resistor R56B, which operates to limt
wo b@eagussent t hrough the status LED. Accor di ngb@T/Us1066/018377

current-limt circuit 560 includes the two current

limt portions to allows for two separate current

limts for the photodi ode 355 and the status LED 545

as set by the resistances of” Wesi stors R56A and R56B,

respectively. The break-over voltage of the zener
What iglcleteedd82 i s preferably 3.3V. [0040] Although the

present invention has been described in relation to

parti cul ar enbodi nents thereof, many other variations
CLAE@@d nodi ficati ons and other uses w Il becone

apparentto those skilled in the art. It is preferred,

therefore, that the present invention be |[imted not

by t hel.specA load ddneol desitedohenaiotlingthe amplit diypotveedelivered to an

.appended claips. What is clainmned is:. CCAIMS 1. A | oad
elecmcegﬁiaﬁgwnaéw PV Seksrﬁ&rtgv Ioeflgorte) davsaRemBrsiBger
del i Vedrc%ﬂhﬁﬂ?‘tﬂﬂ) cBhAftie ﬁé\}écé 280l 1O B 8o PAWRE the AC power source

source, the load control device conprising: a
and theeeladtricd]l ledsl tp conimelitbt ameuntef ipowendidiyersd to thdeleatnegd llexl, the

ween, the AC.pqgwer source and the electrical load to
control Yy FtnE e dSFiT RS e RGP IS v od ©o { he

el ect rd gingl PRt allfiReLOVe RBlpRE b¥tvien %ACE%VQ:? Wiy and the lighting
having a control input; atimng circuit adapted to be

load, theguping¢itbeit hedng eheuipd fooweavidngpltiningsigndle | i ghting

| oad, the timn ircui.t -havi qut put for, - N

or ovi st e cpPglilety SRhaled Blumrh B quiadiiof the timing circuit and
the cor@e irplut ¥ethy comullpl hptwabr debive otk Rikgetihg tiiGuit bpdratde to conduct a

circuit and the control input of the controllably
controlypgncihrapghds sqndrol ipat iregpgaps ieghe fiming sigePetdbl e t o

conduct . 0 ' .0

 sponotitp iRlcatlr UL Rt Bat el B kBBl pldvide o staus
indicativinria wéspoyeahabloe t o conduct the control current and

provide a status indication in response thereto. 2.

The | oad control device of claim1, wherein the status

I ndi cat or CliHeduid cor@dpdéd&sofastaii 1, wheneh e §4tas Hlicator circuit
indicator. 3. The |oad control device of claim 2,
compriggieind{Ipmineble stapnidiGaiotyi t conpri ses a

3. The load control device of claim 2, wherein the timing circuit comprises a
timing resistor coupled in series electrical connection with a timing capacitor, the series combination
of the timing resistor and the timing capacitor coupled in parallel electrical connection with the
controllably conductive device, the output of the timing circuit provided at the junction of the timing
resistor and the timing capacitor; and

wherein the status indicator circuit is coupled in series electrical connection with the

timing capacitor.

4. The load control device of claim 3, wherein the status indicator is illuminated
when the load control device is providing power to the load and the status indicator is illuminated to

a dim level when the load control device is not providing power to the load.



timng resistor coupled in series electrical
connection with a timng capacitor, the series
w@ oovbitzuats on of the timng resistor and the tiPETyS2006/018377
capacitor coupled in parallel electrical connection
with the controllably conductive device, the output of
the timng circuit provided at the junction of the
timng resistor and the tin-ng capacitor; and wherein
the status indicator circuit is coupled in series
el ectri.cal Teriosttdmiol détibe dihedaitn 4(iwigreiaplecsledricaldoad comprises a
The | oad control device of claim3, wherein the status
lighting aade#idor is illumi nated when the |oad control device
is pr (Wﬁé%élﬁgh&ﬁmg 1rfd‘?ca§ct}Eis hﬁﬁ"fﬁné’cQ@wﬁlQﬁﬂ&tl@Mﬁ load is illuminated and
indicator 1s illTumnated to a dimlevel vvhen? oad
the statns Mdicdtorde Vilvnainated hoé dimn teweiwhen thelightingload és has ali:urﬁl.nated-
The | oad control device of claim4, wherein the
electrical |load conprises a lighting | oad; and wherein
t he st@t us Thdbadtartrol devitd ofidlaiat 4dutharcontpeisingght i ng
load is il ated and the statys jndicator is
' i e SR ARSI ttiom SRR BB Bigl thegontrollably
condud@%dlelu'cﬁrﬁnﬁat ed. 6 The | oad control device of claim
, further conprising: a nechanical switch coupled in
seri esa hisor coudéd mrm@l;cl eleetrigiltdonndnsion 0‘r1thr the mmhymcal switch for

i ve,.devigc si st.or, C ar al
slowigy B FpbisiRe B8 Eots B P Be i el nd QePRpRebflicc is open.
al I ow ng the status indicator to be illum nated to a
d|mle anical .swfch is en. 7. The . . .
| oad cont r \c/)\fheg]@%v gt @ﬁgﬁ‘flﬁ‘? ﬂﬁl% %&h@rﬂn?ﬁ%gg?ﬁfqgca%r is illuminated
when thO@Ha83bRfroll devide i dPloRREBHp MG R0 iRG0ADAA BRIHARY ind@¥td? 8s not
I's providing powet to the |oad, and the status

illumiriatedi whdndhe leadreontrol deyivensineidrovidingmewer tetdie dand r ol
device is not providing power to the load. 8. The |oad
control device of claim?7, wherein the electrical |oad
conpri&es alhd lghd corgrol dadee efwlainh@reharcintike eleeirioal load comprises a
dicator is illum nated when the lighting load is
11ght1ngﬁ] ted, and the status indicator is not

LT um padres thb @B RRtida@hs HREnih e wihen AR 1idhting Mb4wik @thminated, and

the status indicator is not illuminated when the lighting load is not illuminated.

9. The load control device of claim 3, wherein the status indicator circuit further
comprises a rectifier bridge having AC terminals coupled in series electrical connection with the
timing capacitor, and DC terminals coupled in series electrical connection with the illuminable status
indicator, such that the status indicator is operable to illuminate when the timing capacitor is

charging and discharging.

10. The load control device of claim 9, wherein the status indicator is operable to

conduct four pulses of current during each line cycle of the AC power source.

11.  The load control device of claim 3, wherein the controllably conductive

device comprises a bidirectional semiconductor switch.



9. The |l oad control device of claim3, wherein the
status indicator circuit further conprises a rectifier
wheiodgetseavi ng AC term nal s coupled in series PCT/US2006/018377

el ectrical connection with the timng capacitor, and
DC termnals coupled in series electrical connection
with the illum nable status indicator, such that the
status indicator is operablelo illum nate when the
timng capacitor is charging and discharging. 10. The
| oad dant r dlhedead emtof delied ¢ff Daimntie ihereit He tddiadotional semiconductor
i ndi cator .is operable to conduct four pul ses of

switch eQpEses adlif¢ng each |ine cycle of the AC power source.
11. The load control device of claim3, wherein the

control | ably conductive device conprises a
bi di r éc3ti onEhe lgeheensioldesties ofshpitc ke, farther sempgsigs:
contr :
COnt O s 5 AL b MR ik PR bR reccipt of e
timing eignklr ald m@\lerﬁﬂnaiﬁ c@ip&?adﬁn beriesfelecttien] camreptions withy theatriggering circuit;
rectifier bridge having AC term nals coupled to the
and ¢ pj ng circuit for receipt of the timng signal and DC

ter m nal Sy SQuUPleE Havifl §r?fn ﬁfsco% Rt s&s SQRBNAE EbiBRcidi With the
the triggering circuit; op tocouEIer havi ng an

triggeringprircuit @ngd ke dutpnt sepleddo diesctotntrobmpumfrt @tnalCos'ucwﬂna’ﬁ vihiew the triggering

circuit te%qu&\%g{rlll"f %)6 g}:lt rq#(l)c%opfgﬂe? P(?rglg Tilg gﬂntpﬂ é:ﬁrrm 2 qt%lgput of the optocoupler is

operabld tb QGﬁ&ddﬁ g gaieluttieht @Rfhgh AR doapv! indlit 6ftBe BRICOBREBl@Endering the triac
conduct the control current, the output of the

conduatiyeocoupl er is operable to conduct a gate current
through the control input of the triac, thereby
rendering the triac conductive. 14. The | oad contro
deV| celdof cThm lnad@qntwh devdpmof dhaimt | hiwhgradn gheuiiming circuit comprises a

tlmlng é(las oL cisoglﬁ e%&% ﬁ?féeé eézﬁ'sc\%f {;cﬁlrngc ou ol ﬁlgalgggg%e Ezlt\pe 1tor Hie series combination

of the t%ﬁ[rigeﬁs@t@mmta 'ti@lﬂng’f:aﬂabﬁoﬂdoﬁpléﬂ i ﬁﬁrlaﬂélcaleoﬁli&l téihection with the
timng capacitor coupled in parallel electrical

controlgabry, e@tdu@hvw@vnaces Fhe qutmtt pbihedimnips ebptiprovided géthegenction of the timing
res1stoﬁ %ﬁﬁict?lu&, uuf5¥ gf 1t?| gndn ng circuit provided at the

mng resistor and the timng
capaciwkdrein@hélstatus indicator circuit further comprises a second rectifier bridge having

AC terminals coupled in series electrical connection with the timing capacitor, and DC terminals
coupled in series electrical cormection with the illuminable status indicator, such that the status

indicator is operable to illuminate when the timing capacitor is charging and discharging.

15.  The load control device of claim 14, further comprising:
a current limit circuit coupled in series electrical connection with the triggering circuit
and the input of the optocoupler, the current limit circuit operable to limit the magnitude of the

control current.

16. The load control device of claim 13, wherein the status indicator circuit is

coupled in series electrical connection with the triggering circuit and the input of the optocoupler.



wherein the status indicator circuit further conprises
a second rectifier bridge having AC term nals coupl ed

WO 0024568 el ectrical connection with the ti m PQI/US2006/018377
capacitor, and DC term nals coupled in series

el ectrical connection with the illum nable status
i ndicator, such that the status indicator is operable
to illuminate when the tim nddcapacitor is charging

and di scharging. 15. The |oad control device of claim

14, fumt herThedogpd ¢aitmoddevdcaafialant 14, furklter comprising:

coupled in series electrical conqe%iaﬁn W tE t he ) ) .

tri ggerURGEHIE Fiteu ARPRI P SAPSR CLeRriea] SOBRCHER Hpthdhe triggering circuit
and the G CHTRER ool B bl BRPLR Hicopole @i magnitude of the
controldewieat of claim 13, wherein the status indicator

circuit is coupled in series electrical connection

with the triggering circuit and the input of the

opt ocd@p! erThkAoad bentiob delviconit dlain 2{evliereindiie statas mdidtor circuit is

further conprjsing:.a current limt circuit c led in.. .
coupled g pezigs glegikr] ‘E%l!“e@&‘ﬂﬁ’ié‘g? {h8 o elHR & {15 Gpap iy Conductive device
and th«f‘lﬁJn%l Lo id Ser LR theb&:HORE 86aHNLSHut. the current

mt circuit ‘operable to Irmt the magnitude of the
control current. 18. The | oad control device of claim

2, Whefgei n ’gl{éﬁoé &1 bodEeaE c%in‘ﬁi g, Gilebeih ﬁlectﬁ'égérﬂ% diReuit comprises a
series el ectrical connection wth the control “Input of
diac clateetetized by b badakyoveonoltegej the dihewpembherid cohduct thetqopirol current through

current s oper to flow fhrough the control |nput.
the conjig! mbol e GORBANa0 Seyr B e idiemanipLEgadrars b s cxcecds the
break_%\ygrggﬁgg'qutﬁé&igy.it conprises a diac characterized by a

reak- over voltage, the diac operable to conduct the

control current through the control input of the

contr ojg abl’i"heclgg&i {t}o“fﬁesqgé’i)ﬁcqaiﬁ‘f‘%} fﬁ'ﬂl’{é?lcbﬁ'%ﬁsﬁg,r 0ss

the diac exceeds the break-over voltage of the diac. o

20. Thecureatlimiiig ekistdevoupdedah seties alect8cal comndetion with the triggering
ent tar coupled in

. conprising;.a c [imting,resi
devicegad; Oé‘FrgIc]lnPWc%IItL% BWH@&]?%’]&?O%WCEWF &Fi ggeri ng
device and the control input of the controllably
conductive device. 2 1. The ad contral devjce qf y
cl ai m2; mﬁ?ﬁoﬁg P%ml]f sty ﬁé@f“&l qvgleqaglnitﬂedﬁf@a%%le status indicator

comprises a light-emitting diode.

22. A load control device for controlling the amount of power delivered to an
electrical load from an AC power source, the load control device comprising:

a bidirectional semiconductor switch adapted to be coupled between the AC power
source and the electrical load, the semiconductor switch having a control input;

a timing circuit adapted to be coupled between the AC power source and the electrical
load, the timing circuit comprising a capacitor and an output for providing a timing signal;

a triggering circuit operatively coupled between the output of the timing circuit and
the control input of the semiconductor switch, the triggering circuit operable to conduct a control
current in response to the timing signal; and

a status indicator circuit coupled in series electrical connection with the capacitor of

the timing circuit, the status indicator circuit comprising an illuminable status indicator and a



conprises a light-emtting diode. 22. A load contro
device for controlling the anount of power delivered
wo eooan2esbect ri cal 1 oad froman AC power sour cePCT/ig2006/018377

| oad control device conprising: a bidirectiona

sem conductor switch adapted to be coupl ed between the

AC power source and the electrical |oad, the

sem conductor switch having-d6control input; a timng

circuit adapted to be coupl ed between the AC power
rectifieB BHAS tiarituinhebi seattiy indivhtor oauhled imsideithe regtifiertridge such that the status
. conprising a capacitor and an output for providing a
indicater 1ﬁi°ﬁ@fa§1iegﬁ Hiumigate pyheg dhg ¢apagiiar dyPhargpe P%‘ffi%wgm >

coupl g&i}eﬁ’&fl %es@arhbﬁgf&tﬁfwo? W iRkt ol dEuB&aﬁﬁdlwi{nhlg%i when the

the control Tnput o e sem conduct or switch, _ .
electridal fogd éy natgoviereduint] tiepstatadb indidator ¢goillutnated toomsubstantially bright level

current in response to the timng signal; and a status
Whenth%%lP@HF@rlo%{lls@BWFre oupled in series electrical

connection with the capacitor of the timng circuit,
the status indicator, circuit conprisjng an .illum nahl e
st at ug3i ndi4 tragrconisel dz—??’@é#?rf‘ioélfrgﬁﬂgdf@"egmi)% of power §ellvered to an
id ' bindé GRS Riad coMRl1edvicB Shipriting:
elecméra!aié)t ?}f{@?&ﬁﬁ&t ge sgc t’ﬁg\% tahe st at ug Ci ndi ggtlofg is

oper ahi Edirectiohdlsamimnducieswitdhedepiod t¢ boeoupeddieawegnige AC power
and di schargi ng; .wherein.the status .indicator. is.

source 81 (i S BT 5T GEBE AR B AT B & Srer b e
el ect rj &@ngl Pagit h@aphf toRRWBLSIEd BB ceh eheSA@tpdSver source and the. electrical
indicator i's illumnated to a substantially bright

load, tHeguming\wivenit hiveng pie ovtpircir prayiding & tipgngpigaal; 23. A | oad
control device for contrrolling, th u . . .
ot 1 et o o5 eEhafRy WColeh By P TR B B SHc for receipt of e

timing $MACAd DOerh@@ds;cont rol devi ce conprising: a
bidi rectional sem conductor sw tch adapted to bhe ,
coupl edrigseniretirontcoprtep sursrics slgpEisalgoamediionarigh theila ferminals of

e sy oA AR Y R0 ot

condudp@wefitrslanieet wheh 4 hetage laeobs ihe atigdeniag cirthit exéerilnihe break-over voltage
circuit having an output for providing a timng

of the t&iggerae CicUitecti fi er bri dge having AC terninals coupl ed

;g dt B%I{dé{f%nd]%%gll%g flg\}ﬂlé art Blpuf &fpidAlin QbridsiedricHl B AARvith the
triggering circuit and an output coupled to the control input of the semiconductor switch, such that
when the triggering circuit and the input of the optocoupler conduct the control current, the output of
the optocoupler is operable to conduct a gate current through the control input of the semiconductor
switch, thereby rendering the semiconductor switch conductive; and

an illuminable status indicator coupled in series electrical connection with the
triggering circuit and the input of the optocoupler; the status indicator illuminated when the electrical

load is powered and not illuminated when the electrical load is not powered.

24.  The load control device of claim 23, further comprising:
a current limit circuit coupled in series electrical connection with the triggering circuit
and the input of the optocoupler, the current limit circuit operable to limit the magnitude of the

control current.



a triggering circuit coupled in series electrica
connection with the DC termnals of the rectifier
wheiodgessssrd characteri zed by a break-over vol t BgEPUS100€018377
triggering circuit operable to conduct a contro
current when a voltage across the triggering circuit
exceeds the break-over voltage of the triggering
circuit; an optocoupl er havimg an i nput coupled in
series electrical connection with the triggering
Ci r cuigs. andAMadmmhﬁuIdewmeﬁbE«:bﬂtmlltﬂgethc anmbmlﬂ ofipopaet deivered to an
he sem condugctor switch t. when th
clectriqe] agddramh gh i BT A He A SBRT G ITIE COpPOSBEDI o1
conducf bﬁiﬂ'@ctﬁ)?iﬂf sreﬁhccﬁl‘d[létﬁf‘ 5w1t<§H“§1 ?‘ééﬁ R&'be Bbupi&tEbetween the AC power

optocoupl er is operable to conduct a gate current
sourcetahd thegiledthenl daad thelseminpodudér switthdemingaradatrobimpsini t ch,

th b d duct

and. ar SPTEAICRPEELEIE SRAIY BEOrooD ORGP Salpgnd theclectrical
load, ti§d t%ﬁiﬂgl &bt %aﬁag%lo%uwdr Iibrdxh@in% hitBGIAE kgalci rcui t and

the 1 nput of theé optdocoupler e status indjcator

i | | umi awectfientivisige hawing AKE terminals dospledite thedimaing ¢irgig for receipt of the
i not 1%@%‘ at ed when the electrical |load is not
THng Stapg ISy 5ad control device of claim 23,
furt hes trip@siid sikdigt codpled i &tes kictiricaldon@sitiononidiptiRME merminals of
series electrical connection with the triggering

the recgifierchridgeanme characicripis b bicAle oy kaep thi tnggﬁléﬂ%@?ﬂ‘rﬂéfrﬂperable to
conduc!t a@ohtr?l' cru‘}x%h{ ?&gé@&ka%etag{gsé fﬂettn%gla% %hft ggee% tHeteak-over voltage

ntrol curren contr |ce
ofthemglgéﬂi@gblrcngtthe anount of power delivered to an
electrical load froman, AC p owiz sour.ce, the
SOUPI

cont r o euiQgopples 3ﬁ>ﬁpg an H@mut 1péert1§soq%eaqtncal comgectlon with the
trigger%%m,n%‘aﬂ dHG LRy @Wg% 1 @ltleec%n%l QfUtH!e §an%8ﬁdiﬁ:@d} sWiteh, such that

ower sourc t ectrica oa
when the mggandg cirouit sl the hnptmavf ﬂng oatocouplcmondnguhq centrol piment, the output of

R ol —

sw1tchh@1\€fe‘B? 18{HcfHE B sehBfonat &yt §l}l/1'&91 @nlbétiveg signal; a
rectifier bri d?e having AC term nals coupled to the

timi ngan:ﬂhmuunatb ¢ gatus mﬂ@amr compledin series plgesicgiannegiipnpgth the
. t
vissor AR LRSS L B Bl S, o st

indicator illuminated when the electrical load is powered and not illuminated when the electrical
load is not powered; and

a current limit circuit coupled in series electrical connection with the triggering
circuit, the current limit circuit having a first current limit portion coupled in series electrical
connection with the input of the optocoupler for limiting the magnitude of the current through the
input, and a second current limit portion coupled in series electrical connection with the illuminable

status indicator for limiting the magnitude of the current through the status indicator.

26. A method of providing an illuminable status indicator on a load control device
for controlling the amount of power delivered to an electrical load from an AC power source, the
method comprising the steps of?

coupling a controllably conductive device in series electrical connection between the



the rectifier bridge and characterized by a break-over
vol tage, the triggering circuit operable to conduct a
W@ eowbnpisseur rent when a vol tage across the triPQRUSIQ6/018377

circuit exceeds the break-over voltage of the
triggering circuit; an optocoupler having an input
coupled in series electrical connection with the
triggering circuit and an out¥t coupled to the
control input of the sem conductor switch, such that

AC powsEsourbeearidrthg glectiricgl 16ad fouticbntésiting e poeu deliferéde the electrical load;
opt ocoupl er , conduct, the control current, the output of
the optoBdbtimngey chassippemt BrevshepHNng caRagife current

thr Ou%nhﬂ&%%%oﬁ%hédﬂ%ﬂt tﬂélﬁé&%@?@éﬁm iQresp¥hdLtB the step of

t hereby rendering the semco tch conducti ve;
conduaimgia dhargimabireens;taatius i ndi cat or coupled in series

electrical connection w.th the triggerjng,circui nd .
' par SHERRTTE T O LB R PR: PceRfi apfy Conductive
device:iﬁgesﬁgﬁs‘écié’ﬂ{@lﬁéq %ﬂa%ﬁidlzétﬁ‘@éscohggl &afedt, i 11 um nated when

el ectrical |oa powered and not illum nated
when twkereingbe illugihalile statuis sndieatorge wperable taftinainatgin eagponse to the

imt circuit coupled in series electrical connection
step Odﬂopﬂuﬁtwgtﬁ??cﬁ’é’@?fzﬁﬁerg'i rcuit, the current limt circuit
having a first current limt portion coupled in series
el ectrjcal gconnection with the input of the .
opt oc o%f) | er fk?%?leﬁ’?ﬂiof? Pl ?ﬁ’ewﬁ‘ﬁﬁlﬁ%% §fap 8% cqfidueting 3 gopptrol current

comprisBs Q@ cikiethb BBMttol caREnt3nSRAER Rtk tEHeRBpaditolithe RIYEIiANdevice, and the
coupled in series electrical connection with the

illuminablagtatnabidicagarat us i ndi cator for linmiting the
magni tude of the current through the status indicator.
26. A nethod of providing an illum nable status
i ndi ca®r oFheamethad of claim 87, wleareingh¢ step obenndottingigchasging current

anount, of welr delivered.to el.ectrical. | oad.from .
comprfes SEB O RE PSP ERE R HBINSA OB REcharg g Q ninable stetus
indicatef;: coupling a controllably conductive device in

series electrical connection between theAC power

sour cewherdinttheilbmeinehle statusintieptpios opgrabledp Llivaginatgdn response to the

ower deljyver e electrical |oad; conducting a
step ofg Cﬁ’ﬁ? ct1r1]1§ accl\f,llrlF Gi‘%% &?rﬁ%lg

| rough a timng capacitor;
conducting a control current through a triggering

gﬁ\éir ;Ie én c Lﬁ%ﬁ?&%gfqg cltaﬂr(le 2§,t vse?ﬁer(e)ifn th& ngalfgﬁqig rr8hnt has a first magnitude
when the electrical load is illuminated and a second magnitude when the electrical load is not

1lluminated.

30.  The method of claim 29, wherein the first magnitude is substantially greater
than the second magnitude, such that the illuminable status indicator is operable to illuminate to a

greater level when the electrical load is illuminated than when the electrical load is not illuminated.

31.  The method of claim 30, wherein the second magnitude is greater than zero

amps.

32.  The method of claim 30, wherein the second magnitude is substantially zero

amps.



conducting a gate current through a control input of

the controllably conductive device in response to the
wat@p/1f55€onduct i ng a control current; wherei nP¢CHES2006/018377

illum nable status indicator is operable to illum nate

in response to the step of conducting the contro

current. 27. The nethod of claim 26, wherein the step

of conducting a control curret-conprises conducting

the control current through the tim ng capacitor, the

t ri ggedd.ng Tevmethod aficlainh @6 whersinnhdstep sf ednidscting a gate current

i ndi cator . e method of claim 27, where

8. Th nth .
comprg@se?pngpctg%‘ég e@lptﬁé cyrrenthroughy the gopgat mE%ttﬁfrth"s %@tro?lably conductive

conducting the charging current through the timng

device. . : . I
capacitor and the illum nable status indicator;
wherein the illum nable status indicator is operable
to illumnate in response to the step of conducting a

charging current. 29. The nethod of claim 28, wherein
the charging current has a first magnitude when the
electrical load is illumnated and a second magnit ude
when the electrical load is not illum nated. 30. The
met hod of claim 29, wherein the first magnitude is
substantially greater than the second nmagni tude, such
that the illum nable status indicator is operable to
illumnate to a greater |evel when the electrical |oad
is illum nated than when the electrical load is not
illumnated. 31. The nethod of claim 30, wherein the
second magnitude is greater than zero anps. 32. The
nmet hod of claim 30, wherein the second nmagnitude is
substantially zero anps.33. The nethod of clai m 26,
wherein the step of conducting a gate current

conpri ses conducting the control current through the
control input of the controllably conductive device.



