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CIRCUIT FOR A DIMMER SWITCH RELATED APPLICATIONS [0001]
wd hiscappiigation is related to commonly-assigned U.S. Prauigiasados/018377
Application Serial No. 60/681,276, filed May 16, 2005, having the same

title as the present application, the entire disclosure of which is herein
incorporated by reference. FIELD OF{THE INVENTION [0002] The
present invention relates to dimmers for controlling the intensity of a
lighting load, specifically dimmers that include a status light that is off or
illuminated to a dim level when the lighting load is not powered and is
illuminated brightly when the lighting load is powered. BACKGROUND
OF THE INVENTIOﬁgbﬁ%Oé{!l A conventional two-wire dlmmer has two

connection$Ta The {idh m%%tﬁwﬁ ? ?%Wer

supply and a "dimmed hot" connection to the lighting load. Standard

dimmers use one or more semiconductor switches, such as triacs or field
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load and thus control the intensity of the light. The semiconductor ‘
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include 4 user interface havm% a means for adjusting the intensity of the
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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
FIELR GG ER ENY ﬁmmg load to illuminate the lighting load). It is

desirable to include a status indicator, such as a small lamp or light
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BACKGROUND OF THE INVENTION

[0003] A conventional two-wire dimmer has two connections: a “hot” connection to an
alternating-current (AC) power supply and a “dimmed hot” connection 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). Itis 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.



on. One example of such a dimmer is disclosed in U.S. Patent No. 3,864,
561, issued Feb. 4, 1975, entitled DIMMER SWITCH WITH
woldobMiNASTED KNOB. These dimmers include a neon lampy/e$2a6%/018377
equivalent light source, and a series current-limiting impedance. The neon
lamp and the impedance are connected in parallel with the semiconductor
switch such that a voltage is developezd across the neon lamp when the
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option8to the end user. An example of a smart dimmer is disclosed in commonly-assigned U.S. Pat.
No. 5,248,919, issued on Sept. 28, 1993, entitled LIGHTING CONTROL 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.



[0008] Thus, there exists a need for a simple status indicator circuit that

does not require a power supply or many other components and operates

in a manner in which the status indicator is off or at a dim level when the

lighting load is off and at a bright level when the load is on. SUMMARY

OF THE INVENTION [0009] According to.the present invention, a load

fAptiehgievige. for controling, the amount.of, Aower deNEied 40,80, require o
lectrical Toad from an power dource comprises a contro a%sly

ROYRIGEINY deviey ateptearorseteaeeretweenapeNT Yo ohdhe dateseindicator

ane theelecticabioad tencontral theamaunti ol Ronghdelierssh@dheud is on.

electrical load. A timing circuit is adapted to be coupled between the AC
power supply and the lighting load and has an output for providing a
BidivEd ARgn &IF AHigIHErENg [delit is operatively coupled between the output
of the timing circuit and a control input of the controllably conductive
device. The triggering circuit is operable to conduct a control current in
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current and provide a status indication in response thereto.
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According to another embodiment of the present invention, a load control
device for controlling the amount of power delivered to an electrical load
foonojaxcAfcdpower Sotisathodonepristiaphisine atienabsaheicanduad@fator circuit is
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[0011] According to a second embodiment of the present invention, the status indicator 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



timing circuit is adapted to be coupled between the AC power source and
the electrical load and has an output for providing a WO 2006/124558
VRICI05826086/618377 -4 timing signal. The rectifier bridge avirmgodd® 18377

terminals coupled to the timing circuit for receipt of the timing signal and

DC terminals. The triggering circuit is coupled in series electrical

connection with the DC terminals of the rectifier bridge and is
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circuit has a first current limit portion coupled in series electrical
U nnection with the input of the optocoupler for limiting the magnitude of

the current through the input, and a. second current limit portion coupled
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In additjon, the present invention further provides a method of providing_ ,
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illuminable status indicator for limiting the magnitude of the current through the status indicator.

[0014] In addition, the present invention further provides 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 comprises 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 control current through a triggering device in
response to the step of conducting a charging current; and (4) conducting a gate current through a
control 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



controllably conductive device in series electrical connection between the
AC power source and the electrical load for controlling the power
wigliveregstq the electrical load; (2) conducting a charging sutiresidhrough
a timing capacitor; (3) conducting a control current through a triggering
device in response to the step of conducting a charging current; and (4)
conducting a gate current through a. control input of the controllably
caonductive device in r nse tq,the ste con i t
S e T T el
illumistepiof AONR0061M24 558 POTILE2006/038377 cug EBnducting the control
current. Preferably, the illuminable status indicator is also operable to
illuminate in response to the step of conducting the charging current.
BRIEB RIEFCRESTRIPFI ONEORFWENSRAWINGS [0015] Fig. 1 shows the user
interface of a dimmer having a status indicator; [0016] Fig. 2 shows a
[o013chematicdingiam ofeadwaswirecdiotmeinincitiding g status ingpnior;
according to a first embodiment of the present invention; [0017] Fig. 3

[0016]70WS azﬁ%h@Eﬂ@% diagramiotia fuarwire dipmes dneliding RistauskiED ED
ccording to a second embodiment of the present invention; [0018] Fig. 4

accordfNe AlEehBRatEdRIgidhs BIEARVBRTRE Gimmer including a status LED
according to a third embodiment of the present invention; [0019] Fig. 5

[0018hows a Behdshatic disgeariofinaenwira Wifmmes ey R éRidserpLED

accoRdGeOIing19.a fowih:embedimenththeverasant invention; and [0020] Fig.

6 sfows a schematic diagram of a two-wire dimmer including a status
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better understood when read in conjunction with the appended drawings.
(0015 the pusposessafilustiatingihednveition-therelisshowelidittse status LED

drawings.an embodiment that is presently .preferged, in which like
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according to a fifth embodiment of the present invention.

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.

10022] 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



instrumentalities disclosed. [0022] Fig. 1 shows the user interface of a
dimmer 10 having a status indicator 12. The status indicator 12 is

wBrayidedsas part of a button 14 of the dimmer 10 and is mageof:806/018377
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
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Fig. 2 shows a two-wire dimmer 100 including a status LED 145 accordlng
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semiconductor switch, for example, a triac 110, to control the amount of
filtert\%rent delivered to the lighting load 108 and thus control the intensity of

the lighting load. The triac 110 is coupled between the HOT terminal 102 .
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or-capacitor (R CIrCUIt connected between the inductor L1
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phase angle of each half-cycle of the AC waveform.

[0025] A timing circuit 120 comprises a resistor-capacitor (RC) circuit connected between
the inductor 110 and the DIMMED HOT terminal 106 having a potentiometer R10 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 afier 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



capacitor CIO. The timing circuit 120 controls a firing voltage, which is the
voltage across capacitor C10, for turning on the triac 110 after a selected

Wﬁﬁ?/%@? in each half-cycle. The charging time of the capagian Qs
varied In response to a change in the resistance of potentiometer RIO to

change the selected phase angle at which the triae 110 begins
conducting. [0026] A diac 130 is in serjies with the control input, or gate,

of the triac 110 and is e ed as afri er| ce The diac 1
half‘%’ﬁ?éﬁ%d\%lf’%f?ﬁ&(?ﬁ }5%2/ %”f’%ﬁ\‘?% %% Wi pass Y rentis gn%(? From®
resisth tridangatthonlyrwhéndhedfiringitoitage oftthertapatitord CiBrerededste current

n bom%a% %%k -over voltage of the diac. Current will flow into the gate of the
trim dlnlng the positive WO 20061124558 PCTfUS2006/018377 -7
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in seriés with the gate of the triac 110. The status LED circuit 140
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through the diode D10, the LED 145, and the diode D12. For the negative

(002811 CVC'ewﬁ%r%ts‘ﬂﬁyﬁstgugJand iade\B1awihe dhER 1ibsand shediadeom the
D16. [0028] When the switch S10 is open, the AC p{ﬁger source 1

RS oMU SR O e bR 1B UE hd Fhed B oAUy g doos 7o
111urﬁjmﬁmmehalofheﬂgusngheastm@ $sloFED ISveoes winh ihaminateSAherctbred, the lighting

load] LREtlng ltf aﬁa%i%% [g the (S)%N V¢! %ﬂvp%ﬁlﬂ?&w Hiﬂl%&ﬁleq %9:5‘%96 I:[ﬂ?rent of the

o] be powered and the status LED 14 W|IIDbe
triadlldminated by the gate current of the triac 110.

[0029] To provide a desirable aesthetic for the user interface of the dimmer 100, the status
LED should be lit at a constant intensity when the lighting load 108 is on. In order for the status
LED 145 to be illuminated at a constant intensity, the average current through 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.

[0630] 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



[0029] To provide a desirable aesthetic for the user interface of the
dimmer 100, the status LED should be lit at a constant intensity when the
Wightirtg16:6 108 is on. In order for the status LED 145 to BE&TWNirpitetes Gt
a constant intensity, the average current through the LED must be
substantially constant. Because the current limiting resistor R12 limits and
balances the current through the LEDg145 during both half-cycles, the

half-@Vgé@gm@ﬁrfMaﬁgHﬁt& lramd Uﬂé@lrgﬁgﬂﬁﬁm@feﬁaﬁ hlaEBﬁ/Hb'ﬁdMH’&bBﬂows through a
Substantially constant. Preferably, the magnit e average crurent

PO Ragh b LED LA g 18 KByt . SR BOMO g hode AC1
of theshidiys BRMDewiredditnmnbera200 inetldizrra thtadiss [LED R4 Sapedendiiy thsgharges
throush %@gaﬁ@ bag '%”tﬁl‘&é] eRresent inventiork.4n this.emhodiment: astatuscurrent

CED circuit 240 is in series with the firing capacitor C20 of a tuning circuit .
whenghe sFHelS48 SEFi ISt ngidE S SRBhfidi bty BRSD tyr Pulses of
curreBNEWEtbahaursent Haws thoughvtheduzd i04heiprppenditectioR 10 petlrably has a

.WO 2006/1245 T/11S2006/018377 ..-8 half-cycles, Wh
G €500 TG g 2oLl Syl ot o Rrolghs
otentiometer R20, the status LED 245, and the capacitor C20. When the
[0034bltage ditha Hoae AEF Y HEBHAHE BREIREEUE MR TR gap
indepiaiiage oftherdiaentBthe capaeitod(GR0 discharges tiincofghetbep status Each

LED 245. Thus,.the status LED 2 f the second. iment. ¢
half'(@ﬁcrgé nt \Yv%teaﬁefh‘ggtg%gl&t%arp %gggi@c(ﬁg% n% an d@c ar%ﬁ%ﬁﬂl&hqg %%{ggmatﬂy fhe
same D oWSdenductstfsarpiiedisof 36urkant digiskpeachdinbatyetarpiges pcthe
capa&%’fléﬁ§%ﬁ%&9§al@§e%@é%ﬁiﬁt§&9, Rreferably has a maximum

resistance of 100kQ2. The capacitance of the capacitor C20 is pre Erabtl%/ {
0.15F. [098T]Thé @verage charging current of the capacitor C20 i$~9431°% 1

whesUbstantiallycanstaithindependermoiNbe fitinghanlecofthedimmeo 206
L.e. charqi ime._of t acitor. : , V¢,
capaélrt10¥ H]’% 18 eqctgfpt% éiée m{% grhleog %% c%é?#ﬂﬁ&va mltq %Jﬁi‘f}‘é:é&otﬂ% Mﬂ!é‘?‘gg, c

hé capa itor C20 reaches a maxi ue that is'approximately the
same as thebielékddver voltage of the diac 130. Thus, the charge, ©&gation 2)

and hakRceHMUlates Hn.the  SAPACIHON Caissubstastiallyrtihe gamegachent with
half-cycle, since QC = C* VC, ( %Sjation.l where C is the capacitance of

S| *VC, (E
fesP?ﬁféﬁb%‘ﬁ‘ﬁéi%‘fi@é@tRFo‘i’Sr‘[ﬂ%?fEFfét 413 hseumulated on the capacitor
C20 is equal to(tiE)inteigealdaf the charging current with respect to fifigeation 3)

whell"eeI’ is the period of the line frequency (1.e., 50 Hz or 60 Hz). Thus, it can be determined that the
average charging current, Ic_av, of the capacitor C20 is substantially constant since the charge, Qc,

that accumulates is substantially 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



Qc =fic(t) dt, (Equation 2) and that the average charging current, IC AV,
is equal to the integral of the charging current with respect to time divided
wRY the patid of integration, i.e., Ic-AV = (1/T) * f ic(t) dt. (Epuaiiema)oiss7
where T is the period of the line frequency (i.e., 50 Hz or 60 Hz). Thus, it
can he determined that the average charging current, Ic-AV, of the
capacitor C20 is substantially constan%s_ince the charge, Qe, that

. ac ulates is su[g%ta tiall ﬁonstan QM0 aﬂrﬁ | .
o - oyt monealLeyelefa.ihene :
rcmﬁfﬁ(%%]%%lcde%stﬁé’%ve?é}d%r ¢ ar%fﬁaagh?}ent and the avérage ég%@cﬁ}%ﬁmtm

prefeadis blothegulystantiafy dondtareane ot G ertralign capt e Grteasible to
charg%ftc;d?&e%@ﬁ%ﬁ Qo%ﬂée%@@%@a@lil@@@é@ﬁ@ﬂﬂf@m@laﬂhf igferallyr the245 will be

_magnitude of the average charging current is approximately 0.2 mA, thus, .
min AR SIS EGAT S GHRGE CHFERY DL the Safls Tt A g

substigiaByiSanRraximate batk. furdt [9633}Since the statuss FEDCIF it @40eie a dim

provided in, series with.the citor -
o BT M T A 8 AER A0 o
able in pavaliel itk ihéieuitch sﬂ@qnwﬁeraﬁﬁfﬁﬁ%f%éﬂ.lWﬂ%%fﬂ?éﬂsﬁﬁ{égPS%‘i%h fo be

distiOREGNE\NO1Z2A00A 24708 RG HVB2AR6/QL83 07 isddesistor R24
provides a path to charge the capacitor C20 of the timing circuit 220. The

[003EﬁSiSt°r B{Qfﬁ%%wé% S2ar i%ﬂﬁéé%'@d’ﬁ!&%ﬁ% %%Eﬁpi%ﬂ%%%a}r&iﬂ%@o a third

that the capacitor C20 is unable to charge to the break-over voltage of the

embd@aoex@of@metsamtw@@wm@}Qﬁ@wfé@weﬂ@&s WPH FRHNateePaEs e 2

potefl@i5%@?@9!@%8%@%@%@%9@9@% £A40-0nht.Sineedbpceias gingsimilar manner
current is substantially smaller t araé_the %ate current of the triac 110, the

to thetmiag EiEri AT GATRARTE™S 6T E0ET Rhen the lighting load 108 is off.

The dim level is preferably brilliant enough that someone is able to view
[003fe statud hedicatr 1000 thénckdesrtbiracenn drasikceed FISHC BT ™
ran§RGHARRE B9, dislinguishabie aver, the brighi:levakwhen the lighirgeomehit 330

108 is on. [0034] Fig. 4 shows a two-wire dimmer 300 including a status
opE S 3G BUEOHING AR SHEUITN O he B IaCn i VERA R g en i
voltalisuner300 ingledesartimibt) cixcuil 820 toniprisingcdiapotdritionetefiRE0L30, the
a.ca

zenerlh' alﬁnlfér Qé‘xﬁ@c%%%@é% 5 Sl dI%e%@QQ—'&QErQ%Qa@@%ﬂE@% RSl proferably
30 V. The transistor Q30 begins conducting as the voltage across the resistor R33 reaches the
required base-emitter voltage of the transistor Q30. A voltage is then produced across the

resistor R32, which causes the transistor Q32 to begin conducting. This essentially shorts out the
zener diode 730 such that the zener diode stops conducting and the voltage across the triggering
circuit 330 falls to approximately zero. A pulsé 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.

[06636] 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



to the timing circuit of the previous two embodiments. [0035] The dimmer
300 also includes a triggering circuit 330, which comprises two transistors

w3 sP32sdwo resistors R32, R33, and a zener diode Z30pd e Fi0aSIiBe
circuit 330 operates in a similar fashion as the diac of the circuits of the

previous two embodiments. When the voltage across the triggering circuit
330 exceeds the break-over voltage the zener diode Z30, the. zener

t|n current, The ak -over olta fthe z r
o 38 S S R R S
transigtpe. vB!uegfelaemegftﬂe r@ssgtoRR@@ peefetf&ytﬁé()@e?q@t tael vedecamittefage of the
zcner\ﬁ%@%@ﬁgg?emq@:@mé voltagedsitben-Rreducedrastess thelimit circuit 360

re5|stor R3 WhICh causes the transistor Q32 to begin conducting. This
to aPREEEHtiEPBHorts out the zener diode Z30 such that the zener diode
stops conductlng and the voltage across the triggering circuit 330 falls to

[003ThpproxirhhtelipzaFFAM0ISe s EAtentUGIRtRe iggemegerett 8ate
photodQWS 380 8T the panrasiier 830anduthsaxeh aiphoiedinde35S ek ake current-limit

. optocoupler 350, which allows cur ntt ow |nt ofthe

i P D LR SO0k GFNE Bt b g Rl s o
next, [0036rAtre- diramer3Q0 iudthertm@tsdesﬁmm Jibin mﬁtmn@@mubstanhaﬂy
constgﬁmﬁé'%{ﬂs% L BRSIRIO" Q§4ﬂ£‘{¥1%e§tfé%ﬁﬁ§§oé%%€bé}@9 BEEnEL HAIR S1 is open,

2. Atfter the trlggerln%mrcwt 330 begins conducting current, the current

the StWHFﬂ&Pt?r%Wéhltﬁé’?) Higae wha Sheteipedndgre S50, the transistor
Q34, and the resistor R36. When the voltage across the resistor R36 plus

[0038he base&Eamittepwsoltagevofdldertnansiéfon Qatirmxaeetls I btéakeovgms to a
1 omﬁ’%lﬁ%%x%ﬁt@ 260 e%q%rfhg W%%Q%é%gcﬁﬁ%mbodlm ent, a status LED

PCT/US2006/018377 - 10 transistor Q34 will enter the linear region and
circuiiiftisdrcirent Wi otrrer the Eiitfeihe e aiigisiod. THe réeiktande of 1

incluli2e ﬁ@ﬁt@@f&&&@&%ﬁﬂe&%&htytézQQremﬁtttherbrﬁatewemmgtage ofitheén both
e S SRy B S Ry SR s
llum34&ei® pr@wde*cb]rwberr@e hgﬁmmhémqbgeﬁhg circuit 330, the photodiode

355 of the optocoupler 350, and the current-limit circuit 360. Since the
[003gurrent-limmit ccirenit 36Gowii-batihand Halanceding cueenINPosghatierding to a fifth

emboJia %lejgt IGF tPe%él]:g)Séflr] Egvggtleorrt] al{‘hcey gle t’?@ @%0 incorporates a new current-limit circuit 560
that comprises two transistors Q54A, Q54B, three resistors R55, R56A, R56B, and a zener

diode Z52. The photodiode 355 of the optocoupler 350 is in series with a first current limit portion
that includes the first transistor Q54A and the resistor R56A. The first current limit portion operates
to limit the current through the photodiode 355. The status LED 545 is in series 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 R56A and R56B, respectively. The break-over voltage
of the zener diode Z52 is preferably 3.3V.

[6046] Although the present invention has been described in relation to particular

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



next, the average current through and the intensity of the status LED will
remain substantially constant. Because the circuitry of the dimmer 300
wiillohiot aespowered when the switch Si is open, the status&EDs3ebs vvild 77
not be illuminated when the lighting load is off. [0038] Fig. 5 shows a
two-wire dimmer 400 including a status LED 445 according to a fourth
embodiment of the present invention., Similar to the second embodiment,

. as uh cireui é [ i I f imj .
o ue SR IR SLHA0R ) e R ol R

speciftp Epparereir eunBRORbWY theoaptrtisé EBMn both half-cycles. A
resistor R44 is provided in parallel with the switch S1 to allow the status
LED 445 to illuminate to a dim level when the lighting load is off. [0039]
Fig. 6 shows a two-wire dimmer 500 including a status LED 545 according
to a fifth embodiment of the present invention. The dimmer 500
incorporates a new current-limit circuit 560 that comprises two transistors
Q54A, Q54B, three resistors R55, R56A, R56B, and a zener diode Z52.
The photodiode 355 of the optocoupler 350 is in series with a first current
limit portion that includes the first transistor Q54A and the resistor R56A.
The first current limit portion operates to limit the current through the
photodiode 355. The status LED 545 is in series 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 R56A 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 WO 2006/324558 PCT7L$2006/038377 11 to
those skilled in the art. It is preferred, therefore, that the present invention
be limited not by the specific disclosure herein, but only by the appended
claims. ,CSLLP -12



CLAIMS 1. A load control device for controlling the amount of power

delivered to an electrical load from an AC power source, the load control MCSLLP
device comprising: a controllably conductive device adapted to be coupled

between the AC power source and the electrical load to control the

amount of power delivered to the electrjgal load, the controllably

conductive device having a control input; a timing circuit adapted to be

couplesl between the AC power supply and the lighting load, the timing

circuit having an output for providing a timing signal; a triggering circuit

operatively coupled between the output of the timing circuit and the

controll ifplsré e dolstristiaplyesisdinaie aaoiné ofinewaydaintyEircuitelectrical

IoRErRRIaf0COpsiNGt BukeNO | SUrEBRtIN dJ8sROAsEIRME timing signal, the
controllably ¢ uctive device rendered. conductive.in response to the

ot O O G R e P ST e o gwer source
aurhotleurien et peonidé thestatwst ifdicatiodelveespotisectteretd [ @dThe

Ioashaonyebasyise. oL M, & whesein the,status indicator circuit

comprises an illuminable status indicator. 3. The load control device of
claim 2 SHHRFSHOHERRIFG R RE GRUBSH PSS LA TES SHEP RGBS fighting
lsediesegl@mgcaﬂogﬁnmemg@m Mtpugfwmmidma(ﬁmrngh@@ries com binat.ion

of theJk@?ﬁ@%&g&%&ﬁ%‘&%@éﬁ&%ﬁ%%Rﬂ%fn%ﬂé‘Bh?ﬁd%ﬂ%éﬁl@%gﬁéﬂﬁ%d the

connection with'the controllably conductive device, the output of
HRiRYTERESE Brosrasel ablineopdrelveTitite therisgeFRgi st RBcRRIG A FRyduct a
ampaciaireand whpmidhe: statug inditatier iretildsigoupiec i geviesSrendered
eleé:tgcal connectio? \ﬁ/lith the timin _cgr%acitor. 4. The load control device

CO; 1VE N TEsSponse € control current . .
of claim 3, wherein esfaflus m%?ca oris illuminated when the load

controkdeieanidiqaronieieid ppseredotheniigtithhertivel stamar! imdioapidisa status
iluninatad-tepsndimdews! when the load control device is not providing

power to the load. MCSLLP WO 2006/124558 PCT[US2006/018377
2. The load control device of claim 1, wherein the status indicator circuit comprises an

illuminable status indicator.

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.



-13- S. The load control device of claim 4, wherein the electrical load
comprises a lighting load; and wherein the status indicator is illuminated
Wehehatietdighting load is illuminated and the status indicatdtG8/HRAiHERE]7
to a dim level when the lighting load is not illuminated. 6. The load control
device of claim 4, further comprising: a mechanical switch coupled in
series electrical connection with the congrollably conductive device; and a
resistor coupled in parallel electrical connection with the mechanical
switch fos, allowingithe siatosdadicatorciabetiminatéd tdeatdial leadetomprises a
lioh .Wth({_he (rinechanical switch is open. 7. The load control device of claim 3,
1M &fSin e status indicator is illuminated when the load control device is
providingvpewer e trstoadicaid thidlsratusdadibandkidiabing lepthadgminated and
e s hiei0ad aRRiRldevicedis:nel Aroviding ROWEI e, the < At Bniheed.
load control device of claim 7, wherein the electrical load comprises a
lighting load; and wherein the status indicator is illuminated when the
lighting Idad is iTbeivatechtehdetine statlanintifatberisonentitinginated
when thea'@@éﬁb%i&@ngﬁcﬂ%u Rinated.d.iLhedoadconatoh qg%ﬂ@ﬁe%mroﬂably
claim 3, wherein the status indicator circuit further comprises a rectifier
condgeiffelREMEMC terminals coupled in series electrical connection with the
timing capagitas: apgRCiesmiNedlsl ectiple ddnn eriesvéle diricadtenicectioirh for
with the illuminable status..indicator, such that the,s indi IS ity
o A e T R b o (ARG Swich s open
discharging. 10. The load control device of claim 9, wherein the status
indicator s operahleotd Garduefeurpulsks bferenticdusing eiadhdineis illuminated
cycle of the AC power source. 11. The load control.device of claim 3,. .
whe g ETans 10 COH TR RO IERTE St 0 M AR gy G is o
illunsiemidoricincior lswdtom Rl CSick B WQ1RO0B/E2=58PEFAJ82006/015377

MCSLLP

8. The load control device of claim 7, wherein the electrical load comprises a
lighting load; and
wherein the status indicator is illuminated when the lighting load is illuminated, 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.  Theload control device of claim 3, wherein the controllably conductive

device comprises a bidirectional semiconductor switch.



-14- 12. The load control device of claim 11, wherein the bidirectional

semiconductor switch comprises a triac. 13. The load control device of MCSLLP
WelaiteA245f8rther comprising: a rectifier bridge having AC teffrlifyaRd /018377

coupled to the timing circuit for receipt of the timing signal and DC

terminals coupled in series electrical connection with the triggering circuit;

and an optocoupler having an input cqoupled in series electrical connection

with the triggering circuit and an output coupled to the control input of the

triac, such. thattwhieadhertriggering «irtaiiharidstherimptitedfitiswiorse stplernductor

conduct theé;ontrol current, the output of the optocoupler is operable to

itch .
sw C&S%ﬁﬁ%? A §até current through the control input of the triac, thereby
render_lng the triac conductive. 14. The load control device of claim 13,
wherein the tinTinglciituihooiniaizesodctimirg résistorcooupladsin series
electrical connection with a. timi [ es; tnati i
rica; conpection, NG SARRGIEQN, I8 SefiesCRmRIAGHOR: Acipt of th
- the_ tlmln‘bl%éléetlbr%r‘l’c? %ﬁ%“ﬁ ing capacitor_cgupled in par%llgel electriéalcel]f) OA )
tmingafgebtiohitivihaEortroliibly watastidcae/AEas THe otpU HFtRE™ e reus
and tlmlng_;:ircuitgrmr/]ideq at the junction of the timing resistor and the timing
capacitor: o o .
pacitor; and wherein the status |nd|can circuit fugth F COMPriSes a..,

second @bﬁ?ﬁ@?%ﬁ&ﬁé‘ﬁ%ﬁﬁ] R SHIRAIS CSUled i series e Ky the
trig gﬁ?{y@mt@mﬂt&nmeﬁiwﬂgpmamcﬁemmnulm@uwﬁﬁnfaﬂgaw@mé%}ai%@ﬁélse triggering
. electrical connegction with the illuminahl indicat ! i

tand ¢ AL !1 minghlestatysindicatal. skehibahi®iocoup!
Cmu&t%’fés_ ?r%ﬁ]lgga?o_r iS 8%8?38%6{00Hhmlnatecwhen the timins ig%acitor .{lﬁ) PO e.r ’
operdhiargingdndedisihargng s apieb RS A UIE B clafi Y4 hdriing the trac
condGOMPrising: a qurrent limit circuit coupled in series electrical connection

Wlth t_he triggering qlrc_uit and the input of the optocoupler, the current limit

circuit operable to limit the magnitude of the control current. 16. The load

control dédice Gfrlated s@nyehdreircthboStErUS intieator B Ut 7S ESRrprises &
timiﬁ% RElLEs: @(&gﬁf&%}! connection with the tidggering wirauitcand e ikpudriel combination
the optocoupier. MCSLLP ) . . .

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 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 connection 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.



WO 2006/124558 PCT/US20061018377 _15 17. The load control device
of claim 16, further comprising: a current limit circuit coupled in series MCSLLP
velentricakgsnnection with the triggering cireuut and the inpBE BUf3806/018377
optocoupler, the current limit circuit operable to limit the magnitude of the
control current. 18. The load control device of claim 2, wherein the status
indicator circuit is coupled in series elegtrical connection with the control
input of the controllably conductive device and the control current is
operable;to flowhreupbuthe centiel dnplini 9, Thehloadooritiogdevice of
claim 18, whereip the triggering, circuit comprises a_diac characteri o vt
2 Dreat BIE TOER e WA SELABTE T SanAoe oy S Bin vt
and thrapghoftiie opttraliputhefaectontrbitaplycmsaittile lHeiide mhayigle of the
con yﬁlot%ggﬂgcross the diac exceeds the break-over voltage of the diac. 20.
u_? e load control device of claim 18, further comprising: a current limiting
resistor coupled in series electrical connection with the triggering device
and the dsntrolThplitdf thecdAtratkablieeindu ethascdielie staps, iTdefghgirouit 1s

ooupcf‘gcp ﬁg%lgrqgsvfl:?e%t%fcgl Am 2. wherein e Huninghlesaus AIGateF conductive device
comprises a light-emitting diode. 22. A load contrgl device for controlling
and frcapiolipirenbBWerERIRErdavdBA Skt RAFRHIR5m an AC power

source, the load control device comprising: a bidirectional semiconductor

switch aﬁ%pted$gqua%qé&l§91 REINEERINE S RAWRIIORERARtBcuit comprises a

_ electrical load, the semiconductor switch having a control input;atignigg fhronsl
diac cireuittaicag e B O e B e th BPATE ORI BB Sl fRec TTent throueh
the SIESIIGRL0ad e iinning cirsuit con pesingva eapacites antoantodput foreds the

afrovidin% a timing signal; a triggering circuit operatively coupled between
breathavSUYSIESTEthE iy circuit and the control input of the semiconductor
switch, the triggering circuit operable to conduct a control current in

response;p thetimipgisionab aBd @ stalusrnaicatargicetipgadpled in

series electrical clonnection,with the chacitor oﬁ

a current Limiting resistor coupled m series electrical connection with the triggering

device and the control input of the controllably conductive device.

71.  The load control device of claim 2, wherein the illuminable 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;

2 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;

2 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



the timing circuit, the status indicator circuit comprising an illuminable
status indicator and a MCSLLP WO 20061124558 PCT/US2006/018377 - "CSLLP
wWiBasetitiesbridge, the illuminable status indicator coupled FSTfeSggs/018377

rectifier bridge such that the status indicator is operable to illuminate

when the capacitor is charging and discharging; wherein the status

indicator is illuminated to a substantiajly .dim level when the electrical load
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triggering circuit coupled in series electrical connection with the DC
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an optocoupler having an input coupled in series electrical connection with 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

Joad 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.



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

powered. 24. The load control device of claim 23, further comprising: a MCSLLP
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operable to limit the magnitude of the control current. vvCSLLP WO
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an illuminable status indicator coupled in series electrical connection with the
triggering circuit and in parallel electrical connection with 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; 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 cormection between the



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 MCSLLP
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 goupled in series electrical.

connection with the illuminable status indicator for limiting the magnitude
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conducting a charging current comprises conducting the charging current
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the illuminable status indicator is operable to illuminate in response to the
step 28. The method of claim 27, wherein the step of conducting a charging current
comprises conducting the charging current through the timing capacitor and the illuminable
status indicator;

wherein the illuminable status indicator is operable to illuminate in response to the step

of conducting a charging current.

29. The method of claim 28, wherein the charging current has a first magnitude when

the electrical load is powered and a second magnitude when the electrical load is not powered.

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 powered than when the electrical load is not powered.

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.
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devickhe method of claim 26, wherein the step of conducting a gate current

comprises conducting the control current through the control input of the
controllably conductive device.



