WO 2006/21678 PCT//82006/016632 1 DIMMER FOR USE WITH A
F%E)I%;l\é\{@g SWITCH FIELD OF THE INVENTION [0001.; The present
iNventon relates to a wail mountable dimmer switch that caR BEURAPAHOEH32
use with a three-way switch without the need to buy a special dimmer or
switch. In particular, the present invention relates to a dimmer switch that
can be substituted for either a line-side three-way switch or a load-side
three-way switch in lighting circuit having two points of control, without the
need to change or replace the other three-way switch. BACKGROUND
OF THE INVENTION [0002] Three-way switch systems for use in
controlling loads in buildings, such as lighting loads, have long been
known in the argyfRerswi Tal} t ired to the
building's alternigting-cu‘?fé@iif g%%ﬁ%gpm?%zﬁwﬁm AC
source voltage, and. carry full load current, as opposed to low-voltage
FIESWitah-gystams:thaiaperate at low voltage and low current and
communicate digital commands (usually low-voltage logic levels) to a
Jemote cantroller that controls the level of AC power delivered to the load
mﬂﬁirﬁ respo n%s%etgr?ﬁeg%lg?’neﬁ#gr? g%%‘:ﬁ ﬁ%?géalggéo&n%}gi%ﬁm@ that can be wired for

use Wipedipeyrawitehichndthtwdbewend sybtomtrpeanisusivswitehes afchartioular, the
preseySieragiinatiace subieeiad \QiRe Al SRWCENOHAAS aNd.eaITY, the full three-way
SW].‘tl a})g e orgg_rgai 03_1 In a tt}fri%e-wa switch system, there are two .
rée-way switches 1or Con W@%ﬁﬁ@ﬂ?&%@é@ﬁ%ﬁéﬁ%@u@tﬁom the
needdpetabhe to inlepahdetitty bontrebthetoad irrespective of the status of the
other switch. In such a system, one three-way switch roust be wired at the
AC source side of the system (sometimes called "line side"), and the

BAGiRerRAIR- AR BT BIUSI®S wired at the load side of the system.

[0004; Fig. IA shows a standard three-way switch system 100, which
[000#cludes Bhrothmeswiaihawitehe ot 02; LQ4nFhesiches 0204 M as lighting |
loadSARVEFIRdLReween an AC power source, 106 and a lighting load 108.

. Wheh swéfjtqhes 102, 104 a?g _bolt% n %%Sﬁ%sﬁ%ﬁ%gﬁ%&ﬂ%%ﬂ?g@m wired to the
bml%%%ﬁ%%m@é@@@m@pg@@em, are subjected to AC source voltage, and carry full

load current, as opposed to low-voltage switch systems that operate at low voltage and low current
and comrmunicate digita!, commands (usually low-voltage Iogic levels) to a remote controller that
controls the level of AC power delivered to the load in response to the commands. Thus, as used
herein, the terms "three-way switch" and "three-way system" mean such switches and systems that

are subjected to the AC source voltage and carry the full load current.

10003} In a three-way switch system, there are two three-way switches for controlling &
single load, and each switch is fully operable to independently control the load irrespective of the
status of the other switch. In such a system, one three-way switch must be wired at the AC source
side of the system (sometimes called “line side™), and the other three-way switch must be wired at

the load side of the system.

[0004] Fig. 1A shows a standard three-way switch system 100, which includes two
three-way switches 102, 104. The switches 102, 104 are connected between an AC power

source 106 and a lighting load 108, When switches 102, 104 are both in position A (or both in



position r), the circuit is complete and the lighting load 108 is energized,
When switch 102 is in position A and switch 104 is in position B (or vise
versa the circuit is not complete and the lighting load 108 does not light
up. ﬁ) aglzllsﬂ?ee-way dimmer switches that replace three-w&¢ sWHio@s16632
are well known in the art. An. example of a three-way dimmer switch
system 150 including one prior art three-way dimmer switch 152 and one
three-way switch 104 is shown in Fig. 1B. The three-way dimmer switch
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the half-cycle. Because the dimmer switch 152 is in series with the lighting
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circiRed e, poersuPRles g/vmg drqwa mall amo nt of leakage current
arrough the lighting load sach alfaycle whan lﬂ‘lfﬁsf?*é O'can only include one

thregz %a%aﬁa@eﬁ Aty teth & potidrisersdty laggsdms sifraltmriousitiobrtrénidside of the
systeharge a capacitor and develop a direct-current (DC) voltage to power the
microcontroller. An example of a multiple location lighting control system,

[ooeogluding anmalvaguniable %&mﬁﬂﬁww’asﬁ%’%am”mer switch and a specially

designed auxiliary (remote) switch that permits the dimming level to be adjusted from multiple

locations have been developed. A smart dimmer is one that includes a microcontroller or other
processing means for allowing an advanced set of control features and feedback options to the end
user. To power the microcontroller, smart dimmers include power supplies, which draw a small
amount of Jeakage current through the lighting load each half-cycle when the FETs are
non-conducting. The power supply uses this small amount of current to charge a capacitor and
develop a direct-current (DC) voltage to power the microcontroller. An example of a multiple
location lighting control system, including a wall mountable smart dimmer switch and wall
mountable remote switches for wiring at all locations of a multiple location switch system is
disclosed in commonly assigned U.S. Pat. No. 5,248,919, issued on Septem’ber 28, 1993, entitled

“Lighting Control Device”, which is hersin i 1ncorporated by reference in its entirety.



mountable remote switches for wiring at all locations of a multiple location
switch system is disclosed in commonly assigned U.S. Pat. No.

5,%&(%916% issued on September 28, 1993, entitled "Lighting Control
DeV|ceQ'{,) WHIER is herein incorporated by reference in its entiretyr/V¥os/016632

2006/121678 PCT/U$2006/056612 [0007] Referring to the system 150 of
pig, ill, since no load current flows through the dimmer circuit 152A of the
three-way dimmer switch 152 when, the Circuit between the supply 100
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lightizg e on/off) accordingly, In particular, actuation of an actuator at the
remote switch 204 causes an AC control signal, or partially rectified. AC
[6088htrol sighiad m&m&g@@@iﬁdhg%ﬁl&%h G DR 004 at%%elscj allow for
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T S o R PR s esponsive 1
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e user .

; ontrolled from the remote switch 204. [001
31gﬁ§§%§%%h%c%%#ner SAHER 28%b1 08 SRR SRt rspesswith 204 o

the Sy8BFH 0SS Ehovem the Mg Yewrshotn Atbvessiny DRmewi CRINORAN of the remoto
swittkhmeaifaeentala Rk 8¢ the dimmer switch 202. The dimmer switch 202 is responsive to

receipt of the control signal to alter the dimming level or toggle the load on/off. Thus, the load can
be fully controlled from the remote switch 204.

[06010] The user interface of the dimmer switch 202 of the multiple location lighting contro]
system 200 is shown in Fig. 3. As shown, the dimmer switch 202 may include a faceplate 310, a
bezel 312, an intensity selection actuator 314 for selecting a desired level of light intensity of a
lighting load 208 controlled by the dimmer switch 202, and a control switch actuator 316.
Faceplate 310 need not be limited to any specific form, and is preferably of a type adapted to be
mounted to a convgnﬁom;l wall box commonly used in the installation of lighting control devices. )
Likewise, bezel 312 and actuators 314 and 316 are not limited to any specific form, and may be of

any suitable design that permits manual actuation by a user.



bezel 312, an intensity selection actuator 314 for selecting a desired level
of light intensity of a lighting load 208 controlled by the dimmer switch
2%0@5‘&&? Qtrol switch actuator 316. Faceplate 310 need not be limited
to any specific form, and is preferably of a type adapted to b&Ci¥i6Enateditos2
a conventional wall box commonly used in the installation of lighting

control devices. Likewise, bezel 312 angd actuators 314 and 316 are not
limited to any specific form, and maybe of any suitable design that
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[0013] A simplified block diagram of the dimmer switch 202 and the remote switch 204 of

the multiple Jocation lighting control system 200 is shown in Fig, 4A. The dimmer switch 202
exaploys a controllably conductive device, such as two field-effect transistors (FETs) 420, 422
provided in anti-serial connection between the Hot termina] H and the Diramed Hot terminal DH, to
control the current through, and thus the intensity of, the lighting load 208. The first FET 420
conducts during the positive half-cycle of AC waveform and the second FET 422 conducts during
the negative half-cycle of the AC waveform. The gates of FETs 420, 422 are connecied to a gate
drive circuit 424, which provides control inputs to the FETs in response to command signals from a
microcontrolier 426, Alternatively, the controllably conductive device could be implemented ag

another type of semiconductor switch, such as a triac or a silicon-controlled rectifier (SCR).

[0014] Mierocontroller 426 may be any suitable processing device, such as a programmable
logic device (PLD), a microprocessor, or an application specific integrated circuit (ASIC).

Microcontroller 426 generates command signals to a plurality of LEDs 418 for feedback to the user



employs a controllably conductive device, such as two field-effect
transistors (FETS) 420, 422 provided in anti-serial connection between

the Hot terminal H and the Dimmed Hot terminal DId, to control the
culterttfSiR, and thus the intensity of, the lighting load 208cToe:lissh16632
FET 420 conducts during the positive half-cycle of AC waveform and the
second FET 422 conducts during the negative half-cycle of the AC
waveform. The gates of FETs 420, 422 are connected to a gate drive
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FETs 420, 422 are turned on at the zero-crossing of the AC line voltage and turned off at some point
within each half-cycle of the AC line voltage. Reverse phase control is often used to control energy

to a capacitive load, which may include, for example, an electronic low-voltage transformer.

[6018] ngnal detector 432 has an input 440 for receiving sthch closure signals from
momentary switches demg;nated T,R,and L. SwitchT corresponds to atoggle switch controlled by
switch actuator 316, and switches R and L correspond to the raise and lower switches controlled by

the upper portion 314A and lower portion 314B, respectively, of intensity selection actuator 314.

[0019] Closure of switch T will connect the input of the signal detector 432 to the DH
terminal of the dimmer switch 202 when the FETs 420, 422 are non-conducting, and will allow both
positive and negative half-cycles of the AC current to flow through the signal detector. Closure of

switches R and L will also connect the put of the signal detector 432 to the DH terminal when the



half-cycle and remains on until the next voltage zero-crossing. Forward
phase control dimming is often used to control energy to a resistive or
II’]%JC'[IVG load, which may include, for example, a magnetic low-voltage
transtorniar o? an incandescent lamp, .In reverse phase contRsITisaeisIgL6632
the FETs 420, 422 are turned on at the zero-crossing of the AC line

voltage and turned off at some point within each half-cycle of the A.C line
voltage. Reverse phase control is often used to control energy to a
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power supply 406 because of a diode 434. In similar manner, when
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The microcontroller 426 determines the duration of closure in response to
[ogamputs from E%ﬁgﬁ%ﬁ%ﬁﬁ&{oﬁ%ﬂm signal detector 432 is shown in Fig. 4B. The
input 440 if the signal detector 432 is received from the switches T, R, and L and the AD terminal.
Two outputs 442 (AD_LOWER) and 444 (AD_RAISE) are provided to the microprocessor 426.
When the lower switch L is pressed, current will flow out of the input 440 through a diode D1 and
two resistors R1, R2 of the signal detector 432 during the positive half-cycles of the AC power
supply 406. When the current flows, a bias voltage will develop across the resistor R2, which will
cause a transistor Q1 to begin conducting, thus pulling the output AD_LOWER up to the level of the
voltage Ves, A resistor R3 pulls the voltage at the output AD_LOWER down to circuit common
during the negative half-cycles. Thus, an active-high control signal that consists of a pulse during
each positive half-cycle will be generated at the output AD_LOWER when the switch L is pressed.

[0022] When the raise switch R is pressed and the breakdown voltage of a zener diode Z1 is
exceeded, current will flow into the input 440 through a diode D2, the zener diode Z1, and two



[0020] The remote switch 204 provides a means for controlling the dimmer
switch 202 from a remote location in a separate wall box. The remote
switch 204 includes a further set of momentary switches T, R', and L' and
didded ¥54* &8d 436'. A wire connection is made between th&@ AU Tmineds2
of the remote switch 204 and the AD terminal of the dimmer switch 202 to
allow for the communication of actuator_presses at the remote switch.

The AD terminal is connected to the input 440 of the signal detector 432,
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dinfibiing;the negadive half cycles. The zener diode imits the voltage

_acrosslthe_ reggéto%s ﬁ%’,eég%ﬁ Yﬁﬁé ggﬁ?ﬁé’ﬁ%ﬁ@‘?%&rm%%%ﬂ conduct
durige s BRey prelfrvelss arddbe simelsichRERYAEIEERr entpllowil MltOALSE uring the
neghthrdistor QR:IOMeGE, SANAUELINGRA% the, AKBN 1 AR R ARE W :
posgwé%qlggvg% g%&r&%ig .coggg n.. r%ﬁ'gﬁ) R6 is provided to E"G}ﬁ éﬁggmt%rmg the :

voltage at the output AD FEFE‘ %p & QURYL &V deva arises tatpe inpesitive
halfieyley cles. In this case, an active-low control signal that consists of a.

pulse during each negative half-cycle will be generated at the output

[002%D_RAISEvenbougtietswitchifib@itessBghting control system 200 allows for the use of a

smart dimmer switch in a three-way system, it is necessary for the customer to purchase the remote

switch 204 along with the smart dimmer switch 202. Often, the typical customer is unaware that a
remote switch is required when buying a smart dimmer switch for a three-way system until after the
time of purchase when the smart dimmer switch is installed and it is discovered fthat the smart
dimmer will not work properly with the existing three-way switch. Therefore, there exists a need for
a smart three-way dimmer switch that may be installed in a three-way system without the need to

purchase and install a special remote switch.



[0023] When the toggle switch T is pressed, current will flow through the
signal detector 632 during both. half cycles and both of the control signals
aig%escribed above will be generated at the outputs AD_LOWER and AD
RAISE {50941 When the switches P. R, and L' are pressed®i/uignos/016632
remote switch 204, the signal detector 432 functions the same as when
the switches T, R, and L are pressed. Also, the signal detector 432 will
function similarly if the remote switch 204 is located on the line side of the

SUdimmEey switch202vEQweyer, when switch L' is pressed in this case, the
diode DI will conduct during the negative half-cycles and the signal at the

0 -LOW il ulses.during the negative half-cycles.
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switch'in a, three-way system-it s ECELEAFFETHTe tidrsthapdon accessory

terrpipkh A8 46 deretdesinitihopoation ordthitedighnag Wi mew switehoR02ate when

the Qfifing loedIGah MR BRI IS t ote switch is required.
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. uying.a smart dimmer switch for a three ystetn U
mmﬁ%@ﬁﬁﬁ%&&%“ﬁ?ﬁ%ﬁ%@M‘é‘?tﬁ&?ﬁﬁ?ﬁ@fr%wﬁ@ﬁl rtheithteanand tkdoad terminals of
- the inageveiredieviaettEBhsmaintainthuerterithnot okaEd, @RS WG QUSHG rmina is
couplM@es Wikt eh m@h@ggf%iﬂaﬁf&gé% anepdfonas a%;ggga%g@m is not

o dlin&rtner.tﬁwitch that may be installed in a'three-way SySte
Theed Bt QS B R reranas spheiardantitel danichsMD2O6 651095 e Lighting
loadPgPrAB00HIAGESPiG: CHELIMBAREOR: Thik INMENTIRN 00262 in

accordance with. the present invention, a novel lighting control system for

fﬂmrntro"in@mmam%amm%mﬂ&&%@&%gh%f 36t PONYSHiing the
mteﬁg&w&eashal adlco )%rol device and a maintained switc .T%e dimmer &
0 AR i R AR A G AR Yo eomprising  load

switch in

conteRhuisneerisadaeinthindd s tohmifiad ot coatnyingvit tasiuies becl ead 1885hals and an
accelibACRasiary TR minahilhe0ed, ﬁ%‘ﬁr&l)geﬁvsﬁ?e?o? 9(%&?1'1% %getz?c%gslgo%) %enninal to

lighting lgad. between an ON state when
one OXthe two load terminals and an open state for decoupling the accessory terminal from the load

terminal. The steps of the method comprise storing a previous state of the maintained switch,
detecting the present state of the maintained switch, and comparing the present state with the

previous state, and changing the intensity of the lighting load based on the step of comparing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0628] Fig. 1A is a simplified block diagram of a standard three-way switch system;
[0029] Fig. 1B is a simplified block diagram of a prior art three-way dimmer switch system;
10030] Fig. 2 is a simplified block diagram of a typical prior art multiple location lighting

control system;

[0031] Fig. 3 is a user interface of the dimmer switch of the multiple location lighting control
system of Fig. 2



the lighting load is illuminated and an OFF state when the lighting load is
not illuminated. The maintained switch is coupled between the accessory
te%q&l 6?996$8ither one of the load terminals of the load control device.

The maintamnad switch has a closed. state in which the acce JEFHY 1A eds2
is coupled to either one of the load terminals and an open state in which
the accessory terminal is not coupled tg either one of the load terminals.
The load control device is operable to toggle the lighting load when the

[omsmintained;svileh Ghanges.Reesn, and the closed state,
thﬁ%ﬁllq. r}:élther asﬁgec?ﬁi%?resept%%rgﬁﬁgﬂgs éﬁ%%?gresswé gr%e go FrEsprote switch of
controfin FREST ﬁi}gtﬁ?‘b giirfg load from a source of AC power in a
lighting control system comprising a load control device and a maintained
0%33itch. THESoAR Eoritbraiicerisetoitisnwit o atk el iiinatsraritharimmer switch of

Figa¢gessory terminal. The maintained switch has a closed state for coupling
the accessory terminal to one of the two load terminals and. an open
[oos4ate for dagowplingiths RGEERIPYAGHINALtom the load terminal, The
steps of the method comprise storir% a previousegtgtzggf%errﬁgﬁln‘i%ﬂéﬁm of the

pressevr\lllt%]l\{?n&g?égﬂ g the present state of the maintained switch, and

comparin%the present state with the previous state, and changing the

[003534e nsity &tien& Iighfipgcieratrh fsauosrssier stepitokicripatin gerBRUE B the dimmer

swi DESERIBBOM O FE RRAWINGS 18028] Fig. 1A is a simplified block
diagram of a standard three-way switch system; [0029] Fig. 1B is a
simplified block diagram of a prior art three-way dimmer switch system,;

DETedBBPHIFSCRIEISDMpIfeTiblockriiggam of a typical prior art multiple

location lighting control system; [0031] Fig. 3 is a user interface of the

[ooIIMMer swite kel ipleyIgeatian lighti L. system of Fig. 2.
V0 2006/121678 PC U 20236/0165%%—%8%%%%@%‘2@5%“ r%%i?.%é%e prefered
Block diadran, of the g PLLbreh A fioPtFRe iamisid: dlv et Kl drpangp|For the

purg@miﬁ@i&mngmém@ﬁﬁig H2rd @OB3W-ig tﬁbﬁi}&vﬁxﬁgﬁlﬁmﬁﬁﬁqjmem that is presently
preféﬂi@ﬂ,eﬁﬁﬂiﬁ&@ﬂ&fﬁﬂﬁé&%ggéﬁ%%%%gm%%ﬁgxy %:ehsggergi%it%'éf the
drawings, it being understood, hawever, that the invention is not limited to the specific methods and
instrumentalities disclosed.

[0037] Referring to Fig. 5, there is shown a thres-way dimmer switch system 500 in
accordance with the present invention. The system 500 includes 2 novel smart three-way dimmer
switch 502 and a standarc‘l maintained three-way switch 504. There is no need for the installer to
purchase a unique remote switch to replace the three-way switch 504, The smart three-way dimmer
switch 502 is wired in place of the line-side three—way. switch 102 in Fig. 1A and is connected to an
AC power source 506. A simple rewiring 510 is required in the wallbox of the three-way

switch 504 in order to disconnect the DH terminal of the smart three-way dimmer switch 502 from
the first switch position of the three-way switch 504 (position A in Fig. 5) and to commect the DH
terminal to the lighting load 508, The other switch position of the three-way switch (position B in
Fig. 5) is connected to the AD terminal of the smart three-way dimmer switch 502.

[0038] The result is that the smart three-way dimmer switch 502 is always connected
between the AC power source 506 and the lighting load 508 independent of the position of



[00341 Fig. 5 is a simplified block diagram of the three-way dimmer switch
system of the present invention; and [00351 Fig. 6 is a flowchart of the

pr&%ezsosoﬁf/?zr rGrJ’gnitoring the AD terminal of the dimmer switch of the
three-way difimer switch system of Fig. 5 DETAILED DESCRIPVISRDiIF632

THE INVENTION [0036] The foregoing summary, as well as the following
detailed description of the preferred anggdiments, is better understood
when read in conjunction with the appended drawings. For the purposes

thref-ilustratingthe meantieRyinesstis §b@‘ﬂ@xj Bibgdr @W%@r%@r&gﬁpﬁ%t@eeﬁ}mmed

hat.is presemntly preferred, in which like numerals represent similarparts
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sidéngtsumantabtiag 6 003 7L ] ' Fi there is s n.a
p OV&Q ree-way i m Qj(esrﬁfiggﬁif sgz@m %O%gﬁwa{g%a%gr%:%a%i%ﬁnﬁleg?p%%g%?mm the AC

invention. T ha sy XEm 88 et deipalveihe fanr Hrse-way dimeramvitch. Also, a
EWOSWALE FPSI00 cafilf e otaA dapthomalititainech Fiseiechvay) SIHE S @t PHEHBASANG not being
usefeed for the installer to purchase a unique remote switch to replace the

three-way switch 504. The smart three-way dimmer switch 502 is wired in

ce of the line-si ee-wa itch 102 in Fig. IA and is connected to
A peaier CoUHes A I RN YEH & LR DH . e

samg AR fE RiesbiGea e aamels So4tin miekerterdisobriers thitnBidtenanabokioen in
Fig stharBtses- waytipuanssuitsh BR2-Fapwhe st sithpesition ofdhe sy

d'mﬂ?&??{) gvitch 504 (pasition A.in Fig. 5).and to connect the DH termina
e APl O o oo RSP AD SO an
AD (LGSR Brnltamiepuslyiercormgeledifoothewiiterminal of the smart

three-way dimmer switch 502. [00381 The result is that the smart

[oowee-waﬁumm rmﬁghﬁef i ealwaysé GOp B@ﬂisgriaﬁhxwg%ﬁﬁaﬁ lﬁl%:ngggy%f)eraﬁng
soR SR ES,SA . fing %50(? depen of the position of WO
2Q06/121678 PCT ,82(_)0619(? 063 A5 ST Mt h ARG Rather than
TeCt e L RItER Sb iR e e a5y siterell 0BrAG wtiiigs e Dimmesknting a
closttebyottageitie momistannestines therDimmeskidal LSO RN IS D —
dmﬁ?é’%@éh%ﬁ%t@%&s when the voltage at the AD terminal changes states (ie., from an AC
line voltage signal to zero volts, and vise versa). Based on this determination, the smart three-way
dimmer switch 502 toggles the state of the lighting load 508. The smart three-way dimmer

switch 502 may also toggle the state of the lighting load 508 in response to an actuation of

actmator 316 (or a similar actuator) on the user interface.

[0041] A flowchart summarizing the novel method for monitoring the AD terminal of the
smart three-way dimmer 502 is shown in Fig. 6 and begins at step 610. First, two variables N and
PREV_AD_SAMPLE are initialized to zero and a third variable POWER_UP is initialized to TRUE
at step 611,

[0042) Next, at step 612, the microprocessor 426 samples the outputs of the signal
detector 432 (that are representative of the voltage at the AD terminal) when the FETSs 420, 422 are
non-conducting. Preferably, the sampling should occur at or near the peak of the AC power source

voltage i inimi e ise o ampli
ge m order to minimize the effect of noise on the sampling process. Often, AC power sources



three-way dimmer switch. The smart three-way dimmer switch 502 could
also be wired to the load side of system 500 and operation of the
t S0 2sll\é\%ch 504 would connect and disconnect the AC power
source voltage to and from the AD terminal on the smart thr&€X{§z006/016632
dimmer switch. Also, a two-way switch could be used in place of
three-way switch 504 since the first p9§i}i9n Ais not being used. [0039]
The electrical schematic of the smart three-way dimmer switch 502 is _
aro exnetlycthey saimeAs e lpsitical sphematicJar the prior art smagt
tg%%eeégrvﬁyzgpﬂrgg s,vvitchf 02 sh%évlvﬁr%; %ln F‘i@gé%i:{%£ %ggé%ad S (c))frtt%aej%{b ?févt% Roree
of the three-way Switel S0A° 1Y Sl detdboy hap datHacensaelasminemall. Thus,
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outputs. [0040] The smart three-way dimmer s of the present _'
ppdgyvention OM erating _software running on microprocessor 426 in-
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The smart three:way dimmer switch 50 also toggle the's

oighting gg%ys%ﬁ(ﬁﬁ ées agledh %@ilﬁiﬁo# e bR MLt 6 ther of ierdleymer is
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half- POV pidssinitieka edstep BRI EF @b HaphEid0PARlMNGKL A SIER542n s0%
i.c., UAB PRI es the qutputs of the signal " detector 432
(e (that am%%%%@ﬁ%ﬁé’g 0 %ﬁ% gﬁ%‘lé’g)‘ g{ ER t"fé‘?}ﬁ‘iﬂ%ﬁﬁﬁﬁ@ﬁ S
n"“‘%’ég}lﬁ%ii’é 2 SBeriasHat efifgiert die rispl tichdumifiplivlg shivtidontets ol e signal
deteaiaantlyebp Q&h@édﬂﬁxﬁ@im eRSOMECRiNOURCE i@s%@@fdo(gﬁ{%ge? ﬁﬁesampling,
occuﬁfg%ﬁ&%él%l g?tﬂ@ﬁgg a?gt@p% 9 %%%gssusft g)ff the sampling process is stored in a variable

AD_SAMPLE, which represents either one of the two states of the three-way switch 504.

vol

[0044]) Next, the microprocessor determines whether the variable AD _SAMPLE is different
than the previous state of the AD terminal (PREV_AD_STATE). If MAX_SAMPLES consecutive
samples are the same, and are different from the previous state of the AD terminal, then a valid
change in the state of the connected three-way switch is detected. A counter N is used to repeatedly
sample the AD terminal for a number of times equal to MAX_SAMPLES in order to minimize the
effects of switch bouncing at the three-way switch 504 and noise in the AC power source voltage,

At step 624, if the value of the counter N is zero, the process moves to step 626. If the present
sampled value, AD_SAMPLE, is equal to the previous state of the AD terminal,
PREV_AD_STATE, then the process loops back to the beginming. If af step 626, a change is
detected at the AD terminal, the counter N is set to MAX_SAMPLES and a variable representing the



en, A C power sources, WO 2006/121678 PCTI1382006/016632 i are
influenced by sources of noise, which comprise a greater percentage of

thg‘,@\%d%%w%ssource voltage near the zero-crossings of the waveform,
i.e., when fhe instantaneous voltage is small. Thus, the smaFtHbeeapays632

dimmer attempts to sample the outputs of the signal detector near the

peal-, of the AC power source voltage 9 avoid incorrect values being

sampled. j0043J At step 612, a determination is made as to whether the
presiuartdhjaecyay simaanial enaraiag Wil erusidsease coniiol Anming, Ao
san GVELS égh e control dim inr, If tTje dimmer is operating wit

rward-phase comtrol ARG e’ Hebesmng e ippkorniaingies digo AD

terB@dinning of each half-cycle), the process moves to step 614. If the firing

angle of the dimmer is less than 50% (i.e., the FE is begin conducting
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the §9é"£5§1 O%Q%Iaetr SitietBer]i%s' lr];.ttp & deée_%‘é%]é %‘Bﬁﬂl’a @Wﬂ@‘ﬁ @n’l% value, then

the dinuher is opérating” with re
the pumieridsdnsenmeeniesat e K4inning of each half-cycle), the process
moves to step 620. If the firing angle of the dimmer is greater than 50%

[004pk., the BET steead® tendustio afte): theddeslerd, Eﬁ@aﬂﬂ_@g‘(&l@@@gpﬁhgﬁatenumber
oftﬁ%aﬁx%l&éé&lma&%ﬁk&%ﬁ&%%fo" %1%@%%%%@8%% tgn A eend of,

o £ach half cycle and the outputs of the signal- detector mustHEgsFHpRegs back to
the Rornatha fa RPLRLs ARLbe Nl R el Stapraiel. (thdraitesrthenéaiithdngunter is equal
to zeroa m&ﬂ&mﬁmﬁﬂﬁﬁbﬁﬁiﬁ%ﬂlﬁg@&sﬁf%ﬁ%ﬁg @ﬁx&ﬂ%&fh@@sﬁﬁﬁi@ ﬁ_%';%ha*;c been read

r : regin a,variable. . . which represents either one
and gf%ﬁggté\?;v ﬁg'ss‘?tat% egftc})k]? t%lg%?%q% g‘?/sgc\}vel C¥§ : 4%%‘8% sigle of the AD terminal is
storgfl iy BisriEiblo REN ST (RB tetert 163 Vaiiey ADLSAMPUER|SURHEFANSE at
stepthtean thesprevians State-ohthe AR teHNIpA! éfé?%&(t&%ﬁ%{éﬁg#o led. Ifthe

’ Méé‘%@‘r’éﬁﬁ"gﬁ’ cor esegg?vgl %ﬁjes are the same, and are di e?gnt‘

~from. the prévious state or thE"ALS teTFFP HHRFLOVEIRF Stpffife Piltpravise, the
AimIgeRds Bk Qh eicreet thrédaeisheuitoting the tiatae: AROMNGN, MiHHHE8 loops
back@epRaatadping again. If the variable POWER_UP is TRUE at step 639, the dimmer has just

powered up and the process loop of Fig. 6 is executing for the first time. Thus, the variable
POWER_UP is set to FALSE at step 640, and the process loops back to the beginning without
toggling the state of the dimmer.

[0047] The dimmer switch 502 can operate in either the three-way dimmer switch

system 500 of the current invention or the prior art multiple location lighting control system 200 of
Fig. 2. The microprocessor is programmed in a novel manner to determine the nature of the signal at
the AD terminal (momentary or maintained) and switch the operation between the two different
modes. For example, if the dimmer switch 502 is operating in the manner of the present invention
(i.e., a maintained mods of operation) and the microprocessor 426 receives a signal on only one of
the two outputs of the signal detector 432 (indicating an actuation of the switch R' or the switch L' of

a cormected remote switch 204), the dimmer switch will change to a momentary mode operation. Tn



sample the AD terminal for a number of times equal to MAX-SAMPLES in
order to minimize the effects of switch bouncing at the three-way switch
56 ise in the AC power source voltage. At steep 624, if the value
of the cgcﬁ)gﬁlt@?N is zero, the process moves to step 626. If tHe PrEga*16632
sampled value, AD-SAMPLE, is equal. to the previous state of the AD
terminal, PR.EV,_AD_STATE, then the;process loops back to the
. beginning. If at step 626, a change is detected at the AD terminal, the
the prsumtaialy isodettto MAGer SAMPLE vahablerepresenti ‘
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eginning. However. Ifhe predemBAnplet Wattsidueriaaealihe srestodigmer,
suchsaidag el dadertardfodiimt dightiie decremented at step 634. 100461 If
at step 636, the counter N is not equal to zero, meaning that the
[0048hpropriatdtmneinie mbthe sameiconsamsi\R:SARIESOhINE ARderminal
t cess loops b to the begjnning to sample
o i A e R o S e Wt et aoprn
to thags Sifillet sa i arisidiseneietrsn theec Rpprbpribterambametitihe sdinsted not by the
spectidndiaclotive sasip|es: bashayabagideadiand a change in state of the Al?
terminal has been determined. The new state of the AD terminal is stored
in the variable PREY AD STATE at step 638. If the variable POWER UP is
FALSE at step 639, the state of the dimmer and the lighting load (i.e., ON
or OFF) must be toggled. If the dimmer is currently ON at step 641, then
the dimmer is turned OFF at step 642. Otherwise, the dimmer is turned
ON at step 644. After either turning the dimmer OFF or ON, the process
loops back to begin sampling again. If the variable POWER UP is TRUE
at step 639, the dimmer has just



powered up and the process loop of Fig. 6 is executing for the first time.
Thus, the variable POWER UP is set to FALSE at step 640, and the |, WISE
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praeeasdeorsback to the beginning without toggling the state of the
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three-way dimmer switch system 500 of the current invention or the prior
art multiple location lighting control systgm 200 of Fig. 2. The
microprocessor is programmed in a novel manner to determine the nature
Whet thedasigmbleat the AD terminal (momentary or maintained) and switch the
operation between the two different modes. For example, if the dimmer
switch 502 is operating in the manner of the present invention (i.e., a
CLfdMStained mode of operation) and the microprocessor 426 receives a
signal on only one of the two outputs of the signal detector 432 (indicating
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button presses that may occur at the user |(%te°r?ate of the remote dimmer,

such as & IBAYRERE OV ReBletPaMRRIrgidtRrg deraty (0028} Alhong bt first
Ioadpepg;ggj mmdmz hee mﬁ&%{;@ﬁl baid ﬂf?ﬁﬂ@ﬁ&%&ﬁg?@ﬁ%@a closeéi si;[eﬁe in which
said SR eLenfha er variations and, modifications and other
reroises will become achp%ren[%)ystdg1 those sskl?g Sntﬂ PRE ‘SHIRA5 P aggond load
eripal, BRSrED ARSE (e abinhiFid Aeesshe inmtér io il cthelshiecHid one of said first
load thsolosiaednereirchindt adtdnthe, appended claims. uY ii~nlISC" ’

wherein said load control device is operable to toggle said lighting load when said

maintained switch changes between said open state and said closed state.

2. The lighting control system of claim 1, wherein said load control device
further comprises an actuator; and wherein actuation of said actuator causes said load control device
fo toggle said lighting load.

3. The lighting control system of claim 1, wherein said maintained switch is a
three-way switch.

4. The lighting control system of claim 1, wherein the load control device

comprises a microcontroller.
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WO 2006/121678 PCT/U92006/016632 ly _ What is claimed is: CLAIMS

1. A lighting control system for controlling the intensity of a lighting load

from. a source of AC power, comprising: a load control. device LLOYD Wisk
comprising a first load terminal, a second load terminal, a controllably

conductive device coupled between sald first load terminal and said

second load terminal for controlling the current through said lighting load,

and an accessory terminal; said first load terminal, said controllably

condugtlve d%YlIC rminal coupled in series

? Etnd said si.cond loa %

electrital conn&ctiSAH0E SIS SIBLEhGAI A1 BHSHth dhsrareepEsgRsor is
and ting logd: sa d control device operable to toggle the

Oﬁ)efﬁ ? gp 2 %lge%easﬁ%l\?lp%?é ATIRIRE S W ent flows through the
Ilghtlng load as determined by the controllably conductive switch and an
OFF state in Which substantially no current flows through the Iighting

load; and a. maintai SW(I)tnCtEJQ glﬁdgéweten I(Ii ces {erminal ¢
and one of said st joad termina sal Xo r%%.’i& souree o;

havm clo ed state in wh| a|d sory.terminal
oupri]%qto s%l§ salscﬁrsr{l lcadRerminal andcsoéll fggghcg fidng a first
15%% d‘ gpq linch aid accessory termjnal is not.
o A B BTG e

sl;ﬁlfgllfr}]ﬁl\n %S@B&é&‘%‘? malnta%P X IS O era le o t(fgglgnga Fsald first load

lighting load when sal swﬂc X ang shetwesn sal o en

G2 P CoReR Z%E?te?m?&?u%%'gg Ce%nggtles%?tg rgt?:%l;% ng sal accessory

wherein said load control device erc mprlses an a

tem%gmreﬁmmn%f&amrﬁ%@ gaigm%%%@ I9ag contral Ila X'%e ihal: said

toggle said lighting load. 3 ting contro system o Im

R MARBINSLSNAICR I3 gf three -way switch. 4. The lighting control
system of claim1, wherein the load control device

storing a previous state of said maintained switch;

detecting a present state of said maintained switch;

comparing said present state with said previous state of said maintained switch;
and

toggling said lighting load between an ON state and an OFF state in response to

the result of the step of comparing.

7. The method of claim 6, further comprising the steps of:

generating a first control signal in response to determining that said maintained
switch is in said closed state during a positive half-cycle of said source; and

generating a second control signal in response to determining that said maintained

switch is in said closed state during a negative half cycle of said source.
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comprises a microcontroller. [..f.CYD WIfil:: 15 5. The lighting control
system of claim 4, wherein the microprocessor is operable to determin
the state of the maintained switch. 5 6. A method for controlling the
intensity of a lighting load from a source of AC power in a lighting control
system comprising a load control devi&eﬁhaving a first load terminal, a

second load terminal, and an accessory terminal and a maintained switch
having a closedf B4t ‘%rc’&ﬁ[}ﬁﬁh&’§3¥6}‘8’b6‘é‘§§’6’r§}%ﬁﬁﬁr§é‘?ﬁé ohe of said

first load terminal and said secand Joad termjnal and an open state for

decou ?ﬁ&%ﬁf&gag@é§§§W5‘f@ﬁﬁﬁrﬁf’fms§§i3%4181‘6?%’?@?%? fagense to the

terminal and_sai se%osg% Iogl'g terminal; said method comprising the steps

R Sl LA SSRP Rt IRE Y it Yetecting a present

TLOVD wisk

oring & previot

state_ %fe g,%id.rrgginaz{\ined witch; coaﬁ%ﬁgﬂéa}iﬂ ﬁ{ggg%ﬁ Sggéﬂ?d\glﬂ%glﬁ {S?alﬁosle 0 the

prewousesfgfe of SAa haimAmals

Ioa% betwe%() rﬂ g)fl\éasmt?ﬁeﬁs?nd dan OFF state jn.response to the result of

thé Step of comparing. a0 TR ek sE N her comprising the

steps of. 20 generating a first control signal in response to determining
that said maintained switch is in said closed state during a positive

half-cycle of said soyrce: and.geperating a second control signal in
response to etee?lrr?lt?}lﬁ\(gq glta é%igwﬁﬁarﬁtﬁéiﬁ%%p%\%ﬁ%ﬁ?}% ‘f’ge a(%nclosed

state gi negative half cycle, of said source. LLOy 17 WJ]: E 16 8. The
g & Reg R B AR YRl RS SRR s e P T Sy

RAAREINER I SIS E955slate i response to the

10. The method of claim 6, further comprising the steps of:
determining whether said maintained switch changed from said open state to

said closed state; and

determining whether said maintained switch changed from said closed state to

said open state.

11. The method of claim 10, wherein the step of toggling said lighting load
further comprises the steps of:
if said lighting load is in said ON state, controlling said lighting load to said OFF
state in response to the step of determining that said maintained switch changed from said
open state to said closed state;
if said lighting load is in said ON state, controlling said lighting load to said OFF
state in response to the step of determining that said maintained switch changed. from

said closed state to said open state;
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presence of both said first and second control signals; and determining

that said maintained switch is in said open state in response to the 5
absence of both of said first and second control signals. 9. The method of-OYD WiSE
claim 8, further comprising the step of: changing to a momentary mode of

operation in response to the presence bf only one of said first and second

control sigaals 10 10. The method of claim 6, further comprising the steps

of: detdii Hﬁj‘Wl'gell‘PF’éjr IS Al mtes GRttredinhiid heringierdsespid ON
state to said closed state; and determining whether said maintained '
ST EISRER L Ao SRR oy atasa il anindpardstatich ghapged from said
method of claim 10, wherein the step of toggling said lighting load further
O@S%Spt?%:etg ﬁ?é@iéﬁ%ggfuﬁeéﬁ?&dlighting load is in said ON state, controlling
said lighting.load to,said. QFF 20 state in response to the step of ,
ceterr TG RO SR AR SR ARl ot i GBE et ON
said closed state; if said lighting load is in said ON state, contyolling said ,
SRt T o S SO AL T T L A O e g e e
. aiddmaint{aineocllswitchtcpanged, from said closed state to said open
s?gef‘e;si%tf 8yStEE, VOR-"27 if said lighting load is in said OFF state,

controlling said lighting load to said ON state in response to the step of
determining that said maintained switch changed from said open state to

said clpﬁsed te; and if s ﬁ li héjn load is in said OFF state, controlling
said lig tingslﬁla%i?g%géog af?‘s a@ﬁﬁl%g(ﬁ%ﬁg@l&gt S 8y 6t
determiniré%that said maiqtained witch ch nged from said
operating ina momentary mode of operation;
subsequently determining whether said maintained switch has been in said
closed state for a predetermined amount of time; and

changing to a maintained mode of operation in response to the step of determining

prior to the steps of storing, detecting, comparing, and changing.

13. The method of claim 12, wherein said predetermined amount of time is

approximately ten seconds.

14. A load control device for controlling the intensity of a lighting load from
a source of AC power and operable to be coupled to a maintained switch, said load
control device comprising:

a first load terminal adapted to be coupled to said source of AC power;

a second load terminal adapted to be coupled to said lighting load;

an accessory terminal adapted to be coupled to said maintained switch, such that

when said maintained switch is in a closed state, said accessory terminal is coupled to one
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closed state to said open state. 12. The method of claim 6, further
comprising the steps of: operating in a momentary mode of operation; 10y wise
subsequently determining whether said maintained switch has been in

said closed state for a predetermined amount of time; and changing to a
maintained mode of operation in respo‘r?se to the step of determining prior

to the steps of storing, detecting, comparing, and changing. 15 13. The '
B QP20 ARSI S STaBrbUatHIEY b drtear ttifl@ngintained switch
.approximately ten seconds. 14. A load.control device for controlling the
ARy AGH G 55 o ETSBOHELT ARIBISER SHEFBPLrasi T bisd
coupled tq a maintained switch, said load 20 control device comprising: a
t?ﬁ?f%%i?}“ﬁef*ﬁﬁ?h%ﬁc&gga?@g fSYHBnéiupled to said source of AC power; a

second load terminal adapted.to .be coupled to said lighting Joad; an )
acces%gf));%tré)ﬁr?ﬁl ¥1|C88§%%§H%8%"888}5?§ e&%ﬁ??ﬁ&?ﬂtﬁfﬁ%@%ﬁ?ﬁ}%éﬁd said
that whep said maintained switch is in a closed state, said accessory . . = .

TSR o COUBIE TS HET DS WSE” P el nseiuattatinaid iehting

1andql sajd second load terminal, and when said maintained switch is in an
oad. arn . . . . . .
opén state, said accessory terminal is not coupled to either of said first

load terminal and said secl%é]? loa termir'ﬁllij? cont(riollab%/ condugctive
|

devicé Coupled betwesn Baid firstioad il SR GIGHY s Ladtnipisggtrolling

erminal for cantrolling the unt.of current flowing through said li Bt'
L oS S R S Bl 1000
F 5O lling. said lightin Ioa:f tween ancgi\lst ein hic% urrent
e A e SR e A B . ane
OBQrEMg?QHQf%W&Hy%f%}ﬂl%%I Is%ilcllgrgte{lnrgag(r)lg ’svavri]t%h has changed between said open
state and said closed state, said microcontroller operable to control said lighting load

between the ON state and the OFF state in response to determining that said maintained

switch has changed between said open state and said closed state.

15. The load control device of claim 14, further comprising:

a signal detector coupled to said microcontroller and said accessory terminal, said
signal detector operable to determine the state of said maintained switch and to provide a
control signal representative of the state of said maintained switch to said

microcontroller,

16. The load control device of claim 15, wherein said signal detector is
operable to provide a first control signal to said microcontroller in response to detecting

current flowing through said accessory terminal in a positive half-cycle of said source,
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10 operable to determine whether said maintained switch has changed

between said open state and said closed state, said microcontroller ;; -y WisE
operable to control said lighting load between the ON state and the OFF ~ '~
state in response to determining that said maintained switch has changed
between said open state and said closkd state. 15 15. The load control

device of claim 14, further comprising: .a signal detector coupled to said .
R doguSHiFsror sl L e b AT At Saer e s pei e
to det%rmine the state aof said maintained ﬁfwitch and.to rﬁfvide a control

Wt TR SRRV P ot S AL el ] 3 i s souree

microcontroller. 20 16. The load control device of claim 15, wherein said
signal detector is operable to provide a first control signal to said

microcgntrolley in response,to detecting . cuyrent flowin tglrou h said .
accesi?)'ry teltfrié]?;lg f?]cg%%%lit(?\%lﬁ%ﬁ?c%%gloéa 4 eggﬁlrg%l, 8’%‘1(;9“%%%;15

19 and to pravide a second contral signal to said microcontroller in ‘
o R R Ry S SR R s o

C
n g/ativ If eycle of said source, .17.,The load control device of clai )
R e b S R R, g Rt

mﬁm&&aﬁa@%&%@d ¢lo %de%t%t(f[e IESbanse toreae?%w'“rfef%ﬁéb Ol first

said first contro &gnalan sald second controfsignal, and to determine

cIhgk saidmalniaingd swiieh i i pajg gpen state in response fo receiving

neither irst control signal nor Said second control signal. 10 18. The
load control device of claim 17, wherein said microcontroller is operable
to change to a momentary mode of operation in response to detecting

only one of %@{Q lfg)ra% g&ﬂ?ﬁ'c@%@'&% ﬁﬁl?'fs,%gé}glﬁ%%?g rln%%](%ln {%Iler is

The load control device of claim 15, wherein said signal detector is

oPRSHPIS 9 deierming tiataid MAIPRNGd SAER IS SRl FORRLIRISAN one

response to

of said first control signal and said second control signal.

19. The load control device of claim 15, wherein said signal detector is
operable to determine that said maintained switch is in said closed state in response to
detecting current flowing through said accessory terminal, and to determine that said
maintained switch is in said open state in response to detecting no current flowing

through said accessory terminal.

20. The lighting control system of claim 1, wherein if said lighting load is in
said ON state, said load control device is operable to control said lighting load to said
OFF state in response to determining that said maintained switch changed from said
open state to said closed state, and in response to determining that said maintained

switch changed from said closed state to said open state; and



detecting current flowing through said accessory terminal, and to
determine that said maintained switch is in said open state in responsedo, Wis
detecting no current flowing through said accessory terminal. 20 20. The )
lighting control system of claim 1, wherein if said lighting load is in said
ON state, said load control device is oé@rable to control said lighting load
to said  OFF state in response to determining that said maintained switch
changéd®bhebing bpdrsstntaitb Elitatissaddond erpiml Asajrsniseopstable to
determining that said maintained switch changed from said closed state
CRY SR UPERARIOAM P EHTERINALER! HTPRSidAiGHEHY aY feafrsdidignaintained
OFF state, said load control device is operable to control said lightin o
ST b 8RRF ONP B hPPEB LIS s tboRTihiTi Shak S Hid GFReRESifdetermining
switch changed from. said open state to said closed state, and in response
AL TG 140 S PR G YL EH el Horr 6 80

state to said open state.



