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POWER SUPPLY BACKGROUND OF THE INVENTION Related Applications [0001] This application
claims priority from commonly-assigned U.S. Provisional Patent Application Serial No. 60/695,784,
filed June 30, 2Q0§ sl DIMMER HAVING A MICROPROCESSOR-CONTROLLED POWER
SUPPLY, the entire disclosure of which is hereby incorporated by reference. Field of the Invention
[0002] The present invention relates to a two-wire load control device, specifically a two-wire smart
dimmer having a microprocessor and a power supply¥or generating a direct-current (DC) voltage for
powering the microprocessor. Description of the Related Art [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
to control the intensity of the light. The semiconductor switches are typically coupled between the hot
and dimmed hot connections of the dimmer. [0004] Smart wall-mounted dimmers may include a user

interface typically RANRGER PlanRN-oF BURSRP RPCESSORG MR URCOIOARRSMER YL E Plufality of status
indicators for providing feedback to the user. These smart dimmers typically include a microprocessor
or other processing WO 2007/005651 PCT/US2006/025662 -2 device for allowing an advanced set of
control featB <K rITEREb KB BNY ¥0THOENd user. An example of a smart dimmer is disclosed in
commonly assigned U.S. Pat. No. 5,248,919, issued on September 28, 1993, entitled LIGHTING
CONTROLIQEM%W&%%S herein incorporated by reference in its entirety.

[0001] This application claims priority from commonty-assigned U.S. Provisional Patent
Application Serial No, 60/695,784, filed June 30, 2003, entitied DIMMER HAVING A
MICROPROCESSOR-CONTROLLED POWER SUPPLY, the entire disclosure of which is hereby

incorporated by reference.

Tfield of the Invention

[0002] The present invention relates to a two-wire load control device, specifically a
two-wire smart dimmer having a microprocessor and a power supply for generating a direct-current

(DC) voltage for powering the microprocessor.

Description of the Related Art

[6603] A conventional two-wire dimmer has two connections: a “hot” connection fo an
altemmating-current (AC) power supply and a “dimmed hot” connection {o the lighting load.
Standard dimzers 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 to control the intensity of the
light. The semiconductor switches are typically coupled between the hot and dimmed hot

connections of the dimmer.

[0004] Smart wall~mounted dimmers may include a user interface typically having a
plurality of buttons for receiving inputs from a user and a plurality of status indicators for providing

feedback to the user. These smart dimmers typically include a microprocessor or other processing



[00051 A simplified block diagram of a prior art two-wire dimmer 100 is shown in Fig. 1. The dimmer
100 has a hot terminal 102 connected to an AC voltage source 104 and a dimmed hot terminal 106
connected to a lighting load 108. The dimmer 100 employs a semiconductor switch 110 coupled
between the hot tggmina), 402 and the dimmed hot terminal 106, to control thpcﬁﬂgﬁgg/wgg&gh, and
thus the intensity of, the lighting load 108. The semiconductor switch 110 has a control input (or gate),
which is connected to a gate drive circuit 112. The in‘p%t to the gate will render the semiconductor
switch 110 conductive or non-conductive, which in turn controls the power supplied to the lighting load
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120 determines the zero- crossing points of the AC source voltage from the AC power supply 104. A
zero-crossiftfEtRsitdt! SBEHE time at which the AC supply voltage transitions from positive to
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{6006] The microprocessor 114 receives user inputs from a plurality of buttons 116 and
generates command signals to drive a plurality of light emitting diodes (LEDs) 118 for visual
feedback to the user of the dimmer 100. A zero-crossing detect circuit 120 determines the zero-
crossing points of the AC source voltage from the AC power supply 104. A zero-crossing is defined
as the time at which the AC supply voltage transitions from positive to negative polarity, or from
negative to positive iaolarity, at the beginning of each half-cycle. The zero-crossing information is
provided as an input to the microprocessor 114. The microprocessor 114 generates the gate control
signals to operate the semiconductor switch 110 to thus provide voltage from the AC power

supply 104 to the lighting load 108 at predetermined times relative to the zero-crossing points of the

AC waveform.

[00G67] In order to provide a DC voltage V¢ to power the microprocessor 114 and other
low-voltage circuitry, the dimmer 100 includes a cat-ear power supply 122. A cat-ear power supply
draws current only near the zero-crossings of the AC source voliage and derives its name from the
shape of the current waveform that it deaws from the AC voltage source. Because the dimmer 100
only has two terminals 102, 106 (i.e., it is a two-wire dimmer), the power supply 122 must draw

current through the connected lighting load 108, In order for the power supply 122 to be able to



the entire length of a half-cycle, even when the maximum voltage across the lighting load 108 is
desired. [00081 A simplified schematic diagram of the prior art cat-ear power supply 122 is shown in
Fig. 2. The cat-ear power supply is provided on the DC-side of a bridge rectifier comprising diodes

D202, D204, D20g, P208,,skgh that the cat-ear power supply is able to genq;g%ﬁjg}gog(gsggtage Vcce
The DC voltage Vcc is produced across an energy storage capacitor C210 and has a magnitude that

is appropriate to power the microprocessor 114 and other low-voltage circuitry (e.g., approximately
SVoc). The side of the energy storage capacitor C210 that is connected to circuit common (i.e., the
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energy storg e capacitor C210 is limited to approximately the same magnitu e break-over
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When the volt 0ss the resistor 8232 exceeds the required emitter-base voltage of the transistor
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PCT/US2006/6268062214 The forward voltage drop of the diode D218 is approximately the same as the
emitter-base voltage of the transistor Q214. Accordingly, the magnitude of the DC voltage Ve

produced across the energy storage capacitor C210 is limited to approximately the same magnitude

as the break-over voltage of the zener diode 2216, e.g., 5.1 volts.

[0009] The primary charging or energy-receiving cireuit for the energy storage

capacitor C210 is through the transistor Q212 and a current limiting resistor R220. When

transistor Q214 is conductive, a voltage is produced across a resistor R222, and thus the base-emitter
junction of the transistor Q212, causing the transistor Q212 to conduct. A resistor R224 maintains

the base cusrent needed to keep the transistor Q214 conductive.

[0016] When the voltage across the power supply 122 reaches a certain magnitude, a PNP
transistor Q226 begins to conduct, causing the transistor Q214, and thus the transistor Q212, to stop
conducting. A zener diode Z228 and a resistor R230 are connected in series between the base of the
transistor Q226 and the emitter of the transistor Q212. A resistor R232 is connected across the
base-emiiter junction of the transistor Q226. The zener diode 7228 will begin to conduct when the
voltage at the base of the transistor (226 exceeds the break-over voltage of the zener diode
(approximately 12V}. When the voltage across the resistor R232 exceeds the required emitter-base

voltage of the transistor Q226, the transistor Q226 will begin to conduct. Thus, when an appropriate



voltage (e.g., approximately 16V) is produced across the power supply 122, the transistor Q226 will
begin to conduct, causing the transistors Q212, Q214 to stop conducting, thus halting the charging of
the energy storage capacitor C210. A capacitor C234 is coupled across the resistor R232 to provide a
time delay in the -off of the charging of the energy storage capacitor C210. When the voltage
across the power%shéjégﬁyg/ﬁ% ldrops below the appropriate level (e.g., approxll)r%g%é%mfég\zﬁfﬁtﬁe
transistor Q226 stops conducting and the energy storage capacitor C210 is able to charge again.
[00111 The prior art cat-ear power supply 122 has some disadvantages. First, the period of time that
the energy stora capacit'or_CZ‘JIO is.able to(?harge each half-cycle is set by the values of the
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operating under normal conditions.

[0G12] To ensure that the power supply 122 is able to draw enough current to maintain its
output voitage at all times, the semiconductor switch 110 is turned off for at least a minimum
off-time each half-cycle. The proper operation of the dimmer 100 is consfrained by a number of
wortst-case operating conditions, such as high current draw by the low-voltage circuitry, worst-case
line voltage input (i.e. when the AC power supply voltage is lower than normat), and worst-case load
conditions (such as the number and the wattage of the {amps, the type of the lamps, and variations in
the operating characteristics of the lamps). The wattage of the lighting load 108 is particularly
important since the AC voltage source 104 is coupled across the power supply 122 and the lighting
ioad in series, and thus, the impedance of the lighting load directly affects the voltage developed
across the power supply and the time required to charge the power supply. The impedance of a
lighting load will decrease as the rated wattage is increased, and vice versa. Thus, the worst-case
time required to charge the power supply 122 occurs when a low-watfage lamp is connected to the

dimmer 100 since the impedance of the joad will be substantiaily higher and the voitage across the



-5 power supply will be substantially lower with this type of load. When considering the worst-case
conditions, 40W lamps are often used as the minimum load likely to be encountered. [0013 By
considering these worst-case conditions, the minimum off-time is determined by calculating the

off-time that will gygyaptagdhat the power supply 122 will charge fully for evgpfhe.werstgase
conditions. The resulting off-time generally ends up being a significant portion of each half-cycle and

constrains the maximum tight level of the attached Ii‘gﬁﬂng load 108. However, these worst-case
conditions are often not encountered in practice. Under typical conditions, the semiconductor switch

could be rendeied GANTHRNE fal R rotBNAMANN Al § S?%ﬁag HAEh OalueuRiedl argrig.conduct

current to the toad for a greater amount of time. Accordingly, the lighting toa Will reach a higher
intensity thé@*}éi&&ﬁef‘@&%ﬁ@ﬁﬁéﬁﬁ%&ﬁé@é&Wﬁéﬁ%@f@ﬂdﬁH@Wcsﬁéz@éngopﬁ@vmied to the load.
[00141 Some prior art dimmers have held the minimum off-time constant under all conditions, and
thus have $08fered fromBy spialisridintirmingsengesthanditould dtheiwiserbeffdssilitelcmathébprior art

two-wire digymegr300uwhieh s Shewn iRt a. MATOLS e éﬁﬁsry%ﬁ@wﬁ%h@gg@Wﬁgbdv%ﬁf&%‘ses

conduction time of the semiconductor switch, if needed. The two-wire dimmer 300 is able to provide
the maximUHAoEsbROTHe ity 4t g RleHrt e diritanede ey ereniisnsamsrsmicaakging
time for prapétgperativsoaftaminer rakpowetighiiply] Ak hanerdthehdipmoed. (TRe mbnmer 30Q is
described in greater detail.in co-pending U.S. Patent Applicati erial No. 11/127,864, filed May 12,
2005, entitlggqt)lmﬁlg%?%%\l}mﬁo %6%%0§53§tVﬁ%ﬁTgﬁ%ﬁgp&ﬂ% ,")Wnﬁi& fis incorporated
herein by réfayeppduiions afireryid [DO B R eprifierto Figr Battrctsoavirecditnm drndgehes two

connectiong: 1 Keldermina!:e 02 de:A0. AL RO Ve SRR 304 RNt IPER DOk tebminal 36 to a
lighting toa%%)& '[I'c‘)j%ontro%ige AC voltage delivered to the lighting load 308, two field-effect
transistors (EETS 'F0A S48 2 fglfaduers Snihatdrislossindttiorend aduerd Hoetdhaital 302
and the dinhinzed hagdérmindd <306 thd hedirst PET 31 OA conducts during the positive half-cycle of the
AC waveform and the second FET 310B conducts during the negative half-cycle of the AC waveform.

The condugiipryptate of $bge FEES:3LiRAe3 10k R-Later mineshRY A M QRIRGESSRl3 14 that interfaces
to the FETg théotu%h a %at e %Irive c%cyi& §12. Theﬁlim er 300 alsoﬂjlncludelsda Hluralit% of buttons 316
fOf input fror%ﬂal l{l%esl’ glhd LS Gave SUTLerca 1rom a smalier dimimng range than wou otherwise epossxbie.

Another prior art two-wire dimmer 300, which is shown in Fig. 3, monitors the internal power
supply and decreases conduction time of the semiconductor switch, if needed. The two-wire
dimmer 300 is able to provide the maximum possible light intensity at high-end while
simultaneously ensuring sufficient charging time for proper operation of an internal power supply,
and hence, the dimmer. The dimmer 300 is described in gre;ater detail in co-pending U.S. Patent
Application Serial No. 11/127,864, filed May 12, 2003, entitled DIMMER HAVING A POWER
SUPPLY MONITORING CIRCUIT, which is incorporated herein by reference in its entirety.

[0615] Referring to Fig. 3, the two-wire dimmer 300 has two connections: a hot terminal 302
to an AC power supply 304 and a dimmed hot terminal 306 to a lighting load 308. To control the
AC voltage delivered to the lighting load 308, two field-effect transistors (FETs) 310A, 310B are
provided in anti-serial connection between the hot terminal 302 and the dimmed hot terminal 306.
The first FET 310A conducts during the positive half-cycle of the AC waveform and the second
FET 310B conducts during the negative half-cycle of the AC waveform. The conduction state of the
FETs 3104, 310B 15 determined by a microprocessor 3 14 that interfaces to the FETs through a gate
drive circuit 312. The dimmer 300 also includes a plurality of buttons 316 for input from a user and

a pturality of LEDs 318 for visual feedback to the user. The microprocessor 314 determines the



a plurality of LEDs 318 for visual feedback to the user. The microprocessor 314 determines the WO
2007/005651 PCT/US2006/025662 -6 appropriate dimming level of the lighting load 308 from the
inputs from the buttons 316. A zero-crossing detect circuit 320 receives the AC supply voltage through
diode 321A in theResilive.salf cycles and through diode 321B in the negatiye-Palfsguslesand provides
a control signal to the microprocessor 314 that identifies the zero-crossings of the AC supply voltage.
[00161 The dimmer 300 further includes a power supply 322 to power the microprocessor 314 and the
other low-voltage circuitry. The power supply 322 is only able to charge when the FETs 310A, 310B

are both tuegssbg!fa(éain{%%asfgq&eenmqwﬁgﬁwm theredls Apsuiicianiypliage patenial across the

dimmer. The power supply 322 is coupled to an input capacitor 324 and an output.ca%acnqr_ 326. The
output capEHbFesBERSiaEtHEtpdl steeh BverCsupply \rdresbramstiotsiR) AdadbameBtSoltage
to provide pawwey s thel mictoprdcessorBikdhd hegdipehafdielpowe paply 32t Casled t:the hot

terminal 302.and the dim Eq hptg {rpinr{)tl1 306 through the twg diodes 321A, 321B, such that the input
) t 710~ .
capacitor 324 ¢ a‘{?é%ss‘:‘“&uﬁﬁng aoit?l%tﬁéespoglﬁ?}g ant Shg Sé)tﬁflécrga f-scl:l%%sv.o[%a@f?l The dimmer 300 also

includes alolta e diVid;“%}h t comprises two resistors 328, 330 and is coupled between the input of
the power ﬁ%]dﬁ/ 322 and iU EomMMGH ST S VaRSY ROaIduP Br it BRoedhige voltage Vs at the
junction of thertweotesistdrst 328 {330Let henserisg v cltagesV Tie previdesplo 1be iatpphocessor 314 to
monitor the yoliaqe level atthe-input-gfthe power supply.322. The microprocessor 314 preferably
includes ancan og-to-digital converter (ASC)%/(};% élampflf\rﬁfg?ﬁéth\?glue 3?%8 %%lﬁsgg )oaﬂﬁé%: Vs The

microproce3¥F3auvaiteReriarEiserss Yeigeys Brrirucresnels Yhkieorkriedisnadnisestof the FETs

310A, 3IOE:apheimthe sensenilinge Yadsopsdatavoafiist prenetersinged valiagsutyeshgldM.
Further, the mi%r, rocessor 1%. i{gcreases § Cc rgducttior] tirges of the FETs 310A, 3I0OB when the
sense voltageinen-fided SHove & AT S P IR R S BRI OGrsP TR AT thEfirst

$63 BHEVE"E SERUK: n|c§re
threshold \Vitipltdithatpeetys shitiné 3éropropkdsortisoes romimt RidemhtikDiGntive Hirmeraik0006ould

include a haidyyare.compaisan:siyauits jacliding qne. %ﬁ{{ﬂ9£§a99@@%%¥%é@£%%§%&i{%t5’ to

compare the sense voltage with the first and second voltage " thresholds and then provide a Logic

signal to thBOEIoPROCEEaGr A cycles.
[0017] The dimmer 300 also includes a voltage divider that comprises two resistors 328, 330
and is coupled between the input of the power supply 322 and circuit common. The voltage divider
produces a sense voltage Vs at the junction of the two resistors 328, 330. The sense voltage Vs is
provided to the microprocessor 314 to monitor the voltage level at the input of the power supply 322.
The microprocessor 314 preferably includes an analog-to-digital converter (ADC) for sampling the
value of the sense voitage Vs. The microprocessor 314 monitors the sense voltage Vg and decreases
the conduction times of the FETs 3104, 3108 when the sense voltage Vg drops below a first
predetermined voltage t'hreshoid V. Further, the microprocessor 314 increases the conduction times
of the FETs 310A, 310B when the sense voltage then rises above a second predetermined voltage
threshold V5, greater than the first threshold Vi.‘ Alternatively, if the microprocessor does not
include an ADC, the dimmer 100 could include a hardware comparison circuit, including one or
more comparator integrated circuits, to compare the sense voltage with the first and second voltage

thresholds and then provide a logic ‘S'Lgnai to the microprocessor 314,

{0018} By monitoring the input of the power supply 322, the microprocessor 314 of the
dimmer 300 is able to determine when the input voltage has dropped to a level that is inappropriate

for continued charging of the input capacitor 324. For example, if the sense voltage Vs falls below



[00181 By monitoring the input of the power supply 322, the microprocessor 314 of the dimmer 300 is
able to determine when the input voltage has dropped to a level that is inappropriate for continued
charging of the input capacitor 324. For example, if the sense voltage Vs falls below WO 2007/005651
PCT/US2006/02568 2qq-h,bags first voltage threshold V j, then the capacitor 324-hrgdsayHgater time to
properly charge and the on-times of the FETs 310A, 310B are decreased. On the other hand, if the
sense voltage Vs remains above the first voltage thiéshold Vi, the input capacitor 324 is able to
properly charge each half-cycle. [00191 Thus, the microprocessor 314 continuously monitors the

voltage on ghednpy iter 324 apd automatically-decreases t ondyction ti of the,FETS
310A, 310E v?ﬁlxgﬁ f{]ﬁe&g\eloo%%geoélgllsl?({)ﬂanleve%%aﬁglviﬁ nouzje&asaraa E?é]teg r&gﬁe&é ngﬁé{%%gzgig&aéi%gl\/&ver

supply 3220"Fhaedirhiiel S003504blk! i pro dreectied manitherthposaigief dehehast vl tigre¥of thidnFETs

310A, 310Bratehighianddifse Maximun light iiensip-ywihite sinulianeausly easuyng syfficient
charging time for groper operation of the power supply 322. [00201 However, the dimmer 300 of Fig.
3 requires a?iff%% microprocessor 314 include an ADC or that a hardware comparison circuit be
included between the power supply 322 and the microprocessor. Also, the dimmer 300 is not able to
control the {88dér supplyBE2eir@iPIGespdidied i relamnias o wlietaarthe imtitectly control

the time duripg-udiciuthepowarSuUaRlYictkaws CurEeniul9RR kT wntvareexists 31needial @.simple
cat-ear pov%/rgﬁasq@gll% Ioréz]-]x glrl‘n&n(?r tiat its 0 ertable to be motnitor t and directgﬁgtro dbya
microprocessotg,cspemﬁca?yeto controlthétise 66 figd tY&E fﬁé()%we? gﬁ"ﬁ%‘iﬁu curt8fit and to
control the Gomeudidnstifrie of they dertticonduotor pswitdh tnndsponsents théhe PERRIDIN.Sf theBxawer

supply, witm[tat need foranARG QlAaMRIRX sRALIWRIR SO BRSO Sltgyit &M@@&% RF THE

INVENTION [00221 According to the present invention, a two-wire load control device for control of the
amount of PERERETNORE (G RPETB IR Ridd from a source of AC voltage comprises a first

controllably conductive device, a microprocessor, and a power supply. The controllably conductive
[6620] However, the dimmer 300 of Fig. 3 requires that the microprocessor 314 include an

ADC or that a hardware comparison circuit be included between the power supply 322 and the
microprocessor. Also, the dimmer 300 is not able to control the power supply 322 directly, but
operates the FETs 310A, 310B in order to indirectly control the time during which the power supply

draws current.

[0021] Thus, there exists a need for a simple cat-ear power supply for a dimmer that is
opetable to be monitored and directly controlled by a microprocessor, specifically to control the time
period that the power supply draws current and to control the conduction time of the semiconductor
switch in response to the operation of the power supply, without the need for an ADC or a complex

hardware comparison cireuit.

SUMMARY OF THE INVENTION

[0622] .Accerding to the present invention, a two-wire load control device for control of the
amount of power delivered to an electrical load from a source of AC voltage comprises a first
controllably conductive device, a microprocessor, and a power supply. The controllably conductive
device is adapted to be operatively coupled to the source of AC voltage and to the electrical load for
controlling the power delivered to the load. The microprocessor is coupled to the controllably

conductive device and controls the first controilably conductive device. The power supply is



device is adapted to be operatively coupled to the source of AC voltage and to the electrical load for
controlling the power delivered to the load. The microprocessor is coupled to the controllably
conductive device and controls the first controllably conductive device. The power supply is WO

2007/005651 PCT/HYS29081025662 -g- adapted to be coupled to the sourcepgtrj%g;za/0 _IB%%%zand is
coupled to the microprocessor. The power supply generates a DC voltage for controllably conductive

device for selectively storing energy in an energy stbﬁa‘ge element. The microprocessor is operable to
control the controllably conductive device. [0023] According to another embodiment of the present

invention, a.aiiedoad, soRtoldevice Jeneantieloltoad e g aewice oL ACvoliage, comprises

a controllably conductive device, a power suppl a cpntroﬁ’l‘er. he contr i acﬁy con ﬁgﬁ%‘rdevice
is adapted BB EBMTHIEG Iiéelieiatdefoatedrile caofrpbtrderiahilceldctne therse roeraf inan

voltage. Thenp@wefosppbacamunisesiagonisaliable inpsdanecs couplec i sesigs Qleslkieal connection
with an energy. storage element. The power supply is operable to provide a DC voltage to the energy

storage element, which is operable to receive energy when the controllably conductive device is
non-conductive. The controller is powered by the DC voltage of the power supply and coupled to the

first controlR?tonductivestivi® dnelireEbntisipmb RS Hifpsasast TeriEshabrettiie Rrsicesmtollably

conductive dexieefanaihel coatialipbledmpreange cespactyelnpihe ceptialienis Qpesable to control
the controII%bee impedance tq a fir(t?st imgt%zl? value tchcg\ se the ener%‘y,‘stora e element to receive

nc :
energy at a first rate and 10 eontrol the con ?Bllagfec?rrﬁ%% eSS A HEE SRS BERAFREE V5lue to cause

the energy st8péagd eterepicttr et eivasstiendy atensbedrd ratbthT heusecdid impagarite patwe is
substantially.gpraleniass the, firsh impRadanes valig, 0024k Accarding. to anathier aapestelihe present

invention, a two-wire load control device, for control of a load from a source of AC voltage, comprises
a controllabily BSRGGERIE dE6iRa LRI FOBEF e deridS sRlegtdabormmsEtishB&tween the
load and thelsoencebt AR aelistge to Theleadcgnirbba e cedusidlcompiiges &dener supply having

an energy SigradR AIsmEnte st ARSIGIREIINERUIJRL A RSN S101ag0 SlemelAd 2
second energy-receiving circuit for the energy stgrage element. The first en y-recelwﬁg charging
circuit a||ov\;§q|ﬁés§ﬁ)@ﬁw1§{b(ra@r§1uctwe device and the controllable impedance for contro! of the first

controliably conductive device and the controllable impedance, respectively. The controller is
operable to control the controllable impedance to a first impedance value to cause the energy storage
element to receive energy at a first rate and to control the controliable impedance to a second
impedance value to cause the energy storage clement to receive energy at a second rate. The second

impedance value is substantially smalier than the first impedance value.

10024] According to another aspect of the present invention, a two-wire load control device,
for control of a load from a source of AC voltage, comprises a controliably conductive device
adapted to be coupled in series electrical connection between the load and the source of AC voltage.
The load control device further comprises a power supply having an energy storage efement, a first
energy-receiving circuit for the energy storage element, and a second energy-receiving circuit for the
energy storage element. The first energy-receiving charging circuit allows the energy storage
element to receive energy at a first rate. The second energy-receiving circuit allows the energy
storage element to receive energy at a second rate greater than the first rate. The power supply,
which produces a DC voltage, is operable to store energy in the energy storage element when the
controllably conductive device is non-conductive. The load control device further comprises a

controller powered by the DC voltage of the power supply. The controller is operable to control the



element to receive energy at a first rate. The second energy-receiving circuit allows the energy
storage element to receive energy at a second rate greater than the first rate. The power supply,
which produces a DC voltage, is operable to store energy in the energy storage element when the
controllably condygti ice is non-conductive. The load control device further comprises a
controller p(pwerelglg ﬁ%qéﬁaé%qvoltage of the power supply. The controller is (%L&S%%%"r%‘} 5'conhtrol the WO
2007/005651 PCT/US2006/025662 -9- controllably coRductive device and is coupled to the power
supply to selectively enable and disable the second energy-receiving circuit. [0025] In addition, the
present inv%rgtig:gl{)@vige a g)v%vglg\rdggg%yi fgr af o-wire load cont{ol device for controlling_a load from
a source of AC voltage, The power Supply comprass BhrasqPets s geleirbrrapleransiditsitoduce
a DC voltagéfeeqroweriigyawontrallekofithe load control device, a first energy-receiving circuit for
allowing the energy storage element to receive energy at a first rate, and a second energy-receiving

circuit for allovdsy the erlergyistarage elesent AKeceeiRIGTHAE SEG0DEIale Jreaterthan.the first

rate. The coptroller is powered hy the DC voltage and is, operable to control the power supply to
selectively é!%%fise %%‘é?rgfé)gb‘t@ %ﬂéaé]egc%% Seoﬁ“ecrgg’/l-?éfe"i%ﬁge'ci?gﬁ PO PR S P rRLET A GEFESN

further providfags plasatPis jineramdyca Delvoltage fr aotwdngizedoad] confritkdesdcanibie method
comprising ieslepriel aengralng iRV aliage AEIPES AR EPSiISlANR EleTEnt. Broviding the

DC voltage 'l[éf)ga controller of the load control device, and selectively allowing the energgngfgf"age

element to IEEETTE-SRSATTES ARSI AT AR acdcsddont piinaihsa giarime mismeatddnersiponse to
the controllenc[@p27i Gthed featprescarduadieaitages ofiheopresentspyastianwildecome apparant

from the follgwing. desctintion.of.the Iy % r%tlh t refers tq the agcc nying drawings. BRIEF
DESCRIPTION OF THE R TS [é%g}s? Fig Aty esl}?rtﬁ%Ti ORISR }"aé/‘?‘é‘?r“qgo?f‘ﬁ‘ iBF&H R¥o-wire
dimmer; [0029}#ig. 2 is a simplified schematic diagram of a cat-ear power supply of the dimmer of
Fig. 1; [0030] Fig. 3 is a simplified block diagram of another prior art two-wire dimmer;

[0026] The present invention further provides a method for generating a DC voltage in a
two-wire load control device. The method comprising the steps of generating the DC voltage across
an energy storage element, providing the DC voltage to a controller of the load control device, and

selectively allowing the energy storage element to receive energy at a first rate and at a second rate

greater than the first rate in response to the controller.

[¢027] Other features and advantages of the present invention will become apparent from

the following description of the invention that refers to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Fig. 1 is a simplified block diagram of a prior art two-wire dimmer;

[6029] Fig. 2 is a simpiified schematic diagram of a cat-ear power supply of the dimmer of
Fig. 1;

{0030] Fig. 3 is a simplified block diagram of another prior art two-wire dimmer;

[6031] Fig. 4 is a simplified block diagram of a two-wire dimmer according to the present

invention;



[0031] Fig. 4 is a simplified block diagram of a two-wire dimmer according to the present invention;
WO 2007/005651 PCT/US2006/025662 -10 [00321 Fig. SA is a simplified schematic diagram of a
cat-ear power supply according to the present invention; [0033] Fig. 5B is a simplified schematic
diagram of a cat-¢as RevREsyPPly including a half-wave rectifier bridge accerdingiadhapsesent
invention; 100341 Fig. 5C is a simplified schematic diagram of a cat-ear power supply including a
transistor in series with a boot-strap resistor accordi'nb to the present invention; 100351 Fig. 6A shows
a flowchart of the normal operation process of a microprocessor of the dimmer of Fig. 4; [0036] Fig.
6B shows hart of itor routj f1 s of Fig. 6A: [00371 Fig.
6C shows z({‘%evlﬁhart o_ffggfg?r)g r%rl ﬁs é{ %Er%fggc%g%%gﬁg Lﬁ%\%%ﬁ tl}‘)\eg %{o%gs%;%%?g? P é’&ca%%ﬁ(“é& Fig. 7
shows a floReIFaH B HE $tartup routine of the microprocessor of the dimmer of Fig. 4. DETAILED
DESCRIPTION OF THE INVENTION [00391 The foregoing summary, as well as the following detailed
description 683 preferfeg Embodimeiits] istsettér dingerstoddoatren peadrisupeljimtinwith the
appended @Wé-r?ﬁhﬁ?%xi@%%&ﬁﬁiﬁé EH‘&EU%@E%&W&@I‘X%@O”’ there is shown in the drawings an
embodiment that is presently preferred, in which like numerals represent similar parts throughout the
several vie the drawings,. it being.understood, however, that the invention js not limited to the
specific me o?d‘I and iﬁééé’ 'ugrr'léel%?aﬁiﬂié%%?é% %?ét&gi% ishi Ei%f.%cfls%'%ars MBS RIS B SRR of a
two-wire diffndsta0n siesrdifyatbotistppasanvirnentitny DHeedinnmeik@atingjudes many similar
blocks as the dimmer 100 of Fig. 1, which have the same function as described previously. However,
those comjobtsits of theidisamesoP thatidiffer fremothansieratdiraseey #Q0mdlbbe dassrireskin
greater detgl belowe iy 4,

[6036] Fig. 6B shows a flowchart of a power suppty control/monitor routine of the process of
Fig. 6A;

[6037] ~ Fig. 6C shows a flowchart of a dimming range control routine of the process of

Fig. 6A; and

{0038] Fig. 7 shows a flowchart of the startup routine of the microprocessor of the dimmer of
Fig. 4.

DETAILED DESCRIPTION OF THE INVENTION

[6G39] 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 disciosed.

{0040} Fig. 4 is a simpiified block diagram of a two-wire dimmer 400 according to the
present invention. The dimmer 400 includes many similar blocks as the dimmer 100 of Fig. 1,
which have the same function as described previously. However, those components of the

dimmer 400 that differ from the prior art dimmer 100 will be described in greater detail below.



WO 20071005651 PCT/US2006/025662 -11 [0041] The dimmer 400 includes a microprocessor 414
for driving a controllably conductive device, preferably a semiconductor switch 410, via a gate drive
circuit 412. The microprocessor 414 may be any suitable controller, such as a programmable logic

device (PLD), a miggagenisallgr, or an application specific integrated circuit (4!1G,0h D8 s662
semiconductor switch 410 may be a triac, a field effe ilfransistor (PET) or an insulated gate bipolar

transistor (IGBT) in a bridge rectifier, two FETs or IGBTS in anti-series connection, or any other
suitable type of semiconductor switch. The microprocessor receives inputs from a zero-crossing

detector 42¢haind a pluraiity, of Autions 4L6.a0d rﬁf}%‘iﬂ%&ﬂ%@ﬂ%{’ &%%%ﬁéﬁﬁ% ESNARNE"

supply 422 generates a DC voltage Vcc for powering the microprocessor 414. Th croprocessor
414 is coupfEdite et Senerdips ikrotion dab it shei b idtadibemisiopitsesse Hthtus of

the power supply (6. swihetbesdhelpowen Suppbtisfilythrigedhand to nntikinepRslatianaf the
power supply. [0042] The.dimmer 4Q0 .also in es.2 communication circuit 426 to transmit and

receive me% a%g{j\'%téov%ﬁﬂegt Yer Contro &éﬁgé‘égl#g‘I%ﬁﬁﬁ%”gg?ﬂrgfiéjf}sst%%nb #‘Loen&@’nl?ﬁﬁm?:‘éﬁ’o‘?}a@ircuit
426 is coupfédtémasmititnicatiens irkicfogatxbimpie, tawised §6fid)dontrolilinks i frowen T carrier

(PLC) commupigation link<o4a ml;ﬁé@@&lpmwﬁ%@g%umy? o aR0nsed AR o2 radio
n

frequency (RE) communication link. An example of an IR ligh control system is described in
commonly SESTIRESTE LT RIS BI85 P FELtiep SRRSAS0 30t 1 PERHIR P Hesiama ity and
CONTROL MHTFHsWIRELESS REM OBE CONEROWANDPROGRANMMABIATY:AB exafmple of an

RE lighting tem | ' in mon| i / Paten llélo. 5,905,442, issued May
15, 1099, chahec I LIDLTARD AP AR AT A SRR BRI e
STATUS OfterghameICit DEVITESFROM REMO FELOT AT IONS suphly dhtisevdisbioSurpevet the

above two pagentssateiyntarparpied:hesain byd eferanse dn HhReiseatiglyly [0043] Fig. 5A is a simplified
schematic diagram of the cat-ear power supply 422 according to the present invention. The cat-ear

power supRd? is providegnaita e allnave idas. Raklsr cemaa I diadae.Re02, PE04
D506, D508, such that the cat-ear power supply Is able to produce a DC voltage Vcc across an
energy stor%’ﬁés%ﬂéﬁ’f@ﬁt,%F%@&Hﬂﬁ@vﬁséﬁé‘r@%hgﬂﬁra@’é‘f‘éa?ﬁéféﬁbr@Si@f!’IFﬁéiﬁﬂéféﬂfieif%\iFdﬁé #llows
the cat-ear aapmrRE S6RRIAAZA I RV G rf(ﬁr&‘cﬁik@@,l’h wired serial control link, a power-line carrier
(PLC) communication link, or a wireless communication link, such as an infrared (IR) or a radio
frequency (RF) communication link. An example of an IR lighting control system is described in
commonly assigned U.S. Patent No. 6,300,727, issued Qctober 9, 2001, entitled LIGHTING
CONTROL WITH WIRELESS REMOTE CONTROL AND PROGRAMMABILITY. An example
of an RF lighting control system is described in commonly assigned U.S. Patent No. 5,905,442,
issued May 18, 1999, entitled METHOD AND APPARATUS FOR CONTROLLING AND
DETERMINING THE STATUS OF ELECTRICAL DEVICES FROM REMOTE LOCATIONS.

The entire disclosures of the above two patents are incorporated herein by reference in their entirety.

{0643] Fig. 5Aisa simpliﬁed schematic diagram of the cat-ear power supply 422 according
to the present invention. The cat-ear power supply 422 is provided inside of a full-wave bridge
rectifier comprising diodes D502, D304, D506, D508, such that the cat-ear power supply is able to
produce a DC voltage Ve across an energy storage element, for example, an energy storage
capacitor C510. The rectifier bridge allows the cat-ear power supply 422 to draw current in both
haif-cycles of the AC source voltage. The energy storage capacitor preferably has a capacitance of

approximately 680uF.



half-cycles of the AC source voltage. The energy storage capacitor preferably has a capacitance of
approximately 680F. WO 2007/005651 PCT/US2006/025662 - 12 100441 Alternatively, the cat-ear
power supply 422 could include a half-wave bridge rectifier, for example, comprising only diode D508,
i.e., the diodes D3RR, Jepfids42506 would not be provided, as shown in Fig. 3B Thg halfzwave rectifier
bridge comprising only one diode D508 would allow }I%g cat-ear power supply 422 to charge in only
the positive or the negative half-cycles and thus only ©nce per line cycle. [00451 The cat-ear power
supply 422 includes a passive charging or energy-receiving circuit comprising a "boot-strap” resistor

R512. The fapisfor R512 pliwis e ReLaY.SQ5ages6apacitar GRldinhedin.ahaseing:hefore the.
microprocessor 414 is powered up and running, such ‘that the eneﬁr)gé sto%aov%e capacitor C510'is only

t
charged byBh& GRS CRORASH N GIP IS rOSidier 1RE HodghB e PRpadarte ertlediybiting load 408.
The resistopiRGde prefacallynl g, a presistaneevefclokliiwbictyis skiltablydow eneughitorsngure
sufficient c%rgggﬁﬁ%\y {!ﬁagget(% brin% th im{l%ot((:)ocntroI(Izer ou} o the internal tow-v%lta elrfset mode.
The current through the resistor Rb12 provides SorER ThArge RS YBrdir by %‘3 = SpAditor
C510 to brifi thaspiroprsaesdos 419d%ut of an internal low-voltage reset mode (e.g., when voltage
supply input to the microprocessor rises above approximately 3.75V). During the time when the
energy storfdés¢apacitofi€54ie:is phacgingpliHongh e bopissivaphiesistonRetdy-the:majpstf the

current drayh QLT e BOSE LRl A2R st 1 ALANNBY (e IFroPIRCEsSar 4 and the other

low-voltage circuitry) is mlnlmgfysince the microprocessor is unpowered of i reset mode. The energy
storage capaRafdrrtsLl énbrgasiaraagiclre hootisteaprasistdi RB 12wt theamicropiegesshr 414 is

running anehalle: R &eRURLRe RPWRE: SISPPIY 42 TS antal apes iBlon Ak iRAlsQ Sized to be

suitably large.eno in impedance so t during normal operation, the power dissipation of the
resistor is %ﬁfﬁ&%%.“lﬁbﬁgi Lﬁﬂ%dea'ﬁ%\ﬁg%’og%%%%?gép&e HIEATAT ] AREETERhlY Betive charging
or energy-regsnieretitclid fenhtbieienettyydtorageughpacitor051fidhro ughreani NN bida sistaR£bd 4
(€9 part BLERerAARALT d-menuiRElaA (Y0 SEMIEANduGion.ANe BISRIRIAL R3G, Thpresistor

R516 has a low resistance (preferably 1252), which provides a charging current through the energy
storage provides sufficient charge on the energy storage capacitor C510 to bring the microprocessor 414 out

of an internal low-voltage reset mode (e.g., when voltage supply input to the microprocessor rises
above approximatety 3.75V). During the time when the energy storage capacitor €519 is charging
through the boot-strap resistor R312, the majority of the curvent drawn from the power supply 422
(1.e., drawn by the microprocessor 414 and the other low-voltage circuitry) is minimal since the

_ microprocessor s unpowered or in reset mode. The energy storage capacitor C510 charges through
the boot-strap resistor R512 untit the microprocessor 414 is running and able to control the power
supply 422. The boot-strap resistor R512 is also sized to be suitably {arge enough in impedance so

that during normal operation, the power dissipation of the resistor is minimized.

[6040] Once powered, Iile microprocessor 414 can enable an active charging or
energy-receiving circuit for the energy storage capacitor C510 through an NPN transistor Q514 (e.g.,
part number MJID47T4 manufactured by On Semiconductor) and a resistor RS16. The resistor R516
has a low resistance (preferably 12Q), which provides a charging current through the energy storage
capacitor C510 of a much greater magnitude than the charging current through the passive charging
circuit compyising the resistor R512, thus allowing the energy storage capacitor C510 to charge at a
greater rate, i.¢., with a smaller time constant. The microprocessor 414 is coupled to the base of a

PNP transistor Q518 (e.g., part number MMBTA92 manufactured by On Semiconductor) through a



capacitor C510 of a much greater magnitude than the charging current through the passive charging
circuit comprising the resistor R512, thus allowing the energy storage capacitor C510 to charge at a
greater rate, i.e., with a smaller time constant. The microprocessor 414 is coupled to the base of a
PNP transistor Q t number MMBTA92 manufactured by On Semi r.through a
WO 2007/00565E‘;Fg?czg’r%/@é’ieo%e/ozsaez - 13 resistor R520 (preferably havirr%@?gééé@ﬁ)%‘t’g{of
4.71c02). When the energy storage capacitor 05101513charging through the resistor R5 12 during start
up, the port 424 of the microprocessor 414 that is connected to the resistor R520 is maintained as a

high impe ] S.:00N- ive {00471 Upon coming out of reset mode,
the micro%%%%fﬁgﬂ%?ﬁj r%gﬁgﬁ%quaﬁﬁeéf%elgﬁg%%y&gﬁ gzr%\;sy\r@r%g %?zeéls rl%f Stﬁ'?lea%?g ] Sﬁ%eggtlf%fﬁy 404
by means ¢hEuEi R RIsEIn e terdt Ttirctitiagotahup e prer?d o koot trearitroprdcssior. After

synchronizipgwilBd e G aoiagessuppi:A4nthes TiEFARFRAsSY Akdcan gnaRie #he;active charging
circuit by pulling t e(P%rt 424 low and thereby pulling down the base of the transistor Q518. Thus, a

voltage is &%‘Hu%‘éélébr%ss a resistor P522 and the emitter-base junction of the transistor Q518
allowing current flow through the transistor Q518 and an emitter resistor R524. The resistors R522,
R524 prefelldiji have rdiotafRBESPIOREEHE058.089 nssmsesiaty 4 Theesmrentiidwarmoygh, the

transistor Qhd 8yarackiges &yvolage arQas:a FBSISINRah COUNed BCss 1he-RREEEMILES iaction
of the transﬁlsg(x)gt%?ﬁ %1%&9 d[Ert%vides base curr r}t for thg{transisto,r 514. This enables the active
0

charging circuit oF the erergy Storsge esasalitgr BETOAIIRG THE darding s el e Bhergy
storage capaecitorsE0rthl Acanttndig thethegitrarisistog Q5d4dt andittieg dsistiot R816w Rhe teeagnt through

the transisign QR doisJimitgskbythe Jesisior a6 #hd azene quqsisdége%%%%fﬂé% LPRYY

a
break-over voltage of 3.3V, e.g., part number MMSZ4684ETI manufactured by On qemicon%ﬁ%tor). A
capacitor CB3HTLEGHpTEIABRST the Fasisior REFeHauipesvimes Somibuses tellyrmstrQAdbling of
the active chargirgmititeuitsisRraterablyhthestesistms ROR6Mascrrasistancr o andithacapacitor

C530 has it f 3F. [0 1 The er.su urther includes a hardware shut-off
circuit hav%gﬁ%? %%&%%ﬁ%s%%@g%%gﬁ&ﬁ gﬁ%&ezﬁrgﬁg %rz %leérp 5?(‘%%8%§0 "R &TFRE dtor R532

(preferablyfh‘éﬁﬁfg{{é% coupled across the base-emitter junction of the transistor Q514 and provides base
current for the transistor Q514. This enables the active charging circuit of the energy storage
capacitor C510, allowing the charging current for the energy storage capacitor C510 to flow through
the transistor Q514 and the resistor RS16. The current through the transistor Q514 is limited by the
resistor R316 and a zener diode 7528 (preferably having a break-over voitage of 3.3V, e.g., part
number MMSZ4684ET1 manufactured by On Semiconductor). A capacitor C530 is coupled across
the resistor R526 and provides some time delay in the enabling of the active charging circuit.
Preterably, the resistor R526 has a resistance of 10kQ) and the capacitor C530 has a capacitance of
0.33pF.

[0048] The power supply 422 further includes a hardware shut-off circuit having a PNP
transistor Q536, a resistor R532, and a zener diode Z534. The resistor R532 (preferably having a
resistance of 1k€) and the zener diode Z534 are coupled in series across the epergy storage
capacitor 510, with the anode of the zener diode connected to circuit common. The PNP
transistor Q336 (e.g., part number MBT3906DW I T1 manufactured by On Semiconductor) is
coupied between the DC voltage Ve and the base of the transistor Q518. The base of the
transistor Q3536 1s connected to the junction of the resistor R332 and the zener diode Z534. The

zener diode Z534 preferably has a break-over voltage of 4.7V (e.g., part number MMSZ4688ET1



resistance of licf2) and the zener diode Z534 are coupled in series across the energy storage
capacitor C510, with the anode of the zener diode connected to circuit common. The PNP transistor
Q536 (e.g., part number MBT3906D W ITI manufactured by On Semiconductor) is coupled between

the DC voltage Veg and-the hase of the transistor Q518. The base of the trapsistor Q536 is, connected
to the junction of the resistor R532 and the zener diode Z534. The zener diipd%% @%%eﬁsrzably has a

break-over voltage of 4.7V (e.g., part number MMSZ468BETI WO 2007/005651 PCT/i1S2006/025662
- 14 manufactured by On Semiconductor), such that when the voltage across the energy storage

capacitor C i V (I.&..the DC val IS at an appropriate level),
current will ﬁ‘é&tﬂiﬁ?ggﬁﬁ%%%@%ﬁ%é @53?%2‘%&%%%&%&%%%&8 F(S)a’[(}hec?ﬁa gy \focff%% across the
resistor. ThERPAHETran St O5 3B HifBEYN 13 ¥dheutte Plivdiae bade dfthertranside ®B18 up to

the DC voltagee¥eaiiT hissavestidesdhemconal sianal from thapark 424 obHe RIGronk Q4414 and
disables the active argtigeg circuit t%?y?ggﬁre transistor Q514 and the resistor 8516. [0049) The
Fito

microproce S 91 4 eT AR RO B3RSO BT M LR Jrthase Rl BRI U bikermine
if the energfester§eveéipaciior. CBlohasifaliyheharged sByzbfieftythchanging dhidxgport 424 from being

configured aﬁ@@p%&esmﬁem@cﬁ%{'&g%@qéﬁ@almg&gpé%%UMQ&mﬁmﬂgié‘tl%? Redagcally

check to see if the base of the transistor Q518 is being pulled up to the DC voltage Vcc by the

transistor Q@%‘S?%%ﬁacitor C538 is provided from the DC voltage Vcc to the base of the transistor
Q518 and. preferably has a capacitance of 0.01F. During the times that the port 424 has been
changed tol@f4Mput to nmidwitoicthprgrewer Siipislynd 20| ¢ e rempaciterCisas maldshtie aftliage at the

base of the m@gk@m%1@&%@&@&/@#@%&&%@%@&%@@&@@é@Q?uﬁ?O?%S%i@Fﬁiegipﬁ%ﬁlive state if

the charging of the energy storage capacitor C510 has not yet finished. [0050) The microprocessor

414 is adaptHEEIRHBYHE ifpRise- iR Hbrashve P drigeirafiermbaytniretdhsistor Q514
is enabled edchhaifesyald of theph@diolidgehsauree:4 02khd haedgnke dinaidhisEhargipatimaliaithe
beginning AT each halfayclp, 18IS QRIRCSR LA M DaRIER RS Alyg sharging circuitat
a predetermined time artér a

voltage Ve to the base of the transistor Q518 and preferably has a capacitance of 0.01pF. During

the times that the port 424 has been changed to an input to monitor the power supply 422, the

capacitor C538 holds the voltage at the base of the transistor Q518 at a level appropriate to keep the

transistor Q518 in the conductive state if the charging of the energy storage capacitor C510 has not

yet finished.

[0050] The microprocessor 414 is adapted to control the time period when the active
charging circuit through the transistor Q514 is enabled each half-cycle of the AC voltage source 404.
In order to limit this charging time to the beginning portion of each half-cycle, the

microprocessor 414 only enables the active charging circuit at a predetermined time after a
zero-crossing has been detected by the zero-crossing detect circuit 420. In this way, the active
charging circuit is never enabled when the AC voltage is at its peak value. Accordingly, the
transistor Q514 and the resistor R516 are never operated outside of their safe operating area, and do

not need te be large, expensive parts as were required in the prior art cat-ear power supply 122 of
Fig. 2.

{0051} In response fo the time that is required to charge the power supply 422, the
micraprocessor 414 is operable to change the dimming range of the dimmer. By default, the

dimmer 400 begins operating with a normal dimming range that has been determined by considering



zero-crossing has been detected by the zero-crossing detect circuit 420. In this way, the active
charging circuit is never enabled when the AC voltage is at its peak value. Accordingly, the transistor
Q514 and the resistor RS 16 are never operated outside of their safe operating area, and do not need

to be large, expeRgivaPaksas were required in the prior art cat-ear power sypply.3220f.Eig. 2.
10051) In response to the time that is required to charge the power supply 422, the microprocessor

414 is operable to change the dimming range of the-ditnmer. By default, the dimmer 400 begins
operating with a normal dimming range that has been determined by considering WO 2007/005651
PCT/US2006/025662. -15 Wo[st-cas(ﬁ line conditions and toad conditions. For example, the worst-case

load conditiBATEF4e ottBF SGPDI A D3 HOLGHAL 2 BUWFERRE 484NO Rfitsd desheorpiiion for the
microprocesserrlgparn Bhangedhe dfirrining.s dngeybfidimner A0 raxiEwm diedninggange to
provide a aigaigy,iahend itehsit LR Atacheg naliing oad han the narmal dipring ange- The
microprocessor 4I4 can also change the dimming rangeback to the nornal dimmiag Tange in
response tdoeriifbeddishiighioad Gos 2he Thendidloprocasser 4 The prsfiorabtysincléitesza lmer such

that the miciepkeaasaRnisinghle 4o sesorkibadimg reaviled i sharashePewsEHRP 4R25ach half
cycle. The microprocessor records the time from when the active charging circuit is’enabled to when

the port 424gigepylled highs by I KOS QRIGAL AR SIUBPT AR I IS dime, s below a
predetermined threshold for a number of consecutive hah’l-cycles, it is assumed that the energy

storage cafRtitoresibtie SasiRraiedts chargaeam Aatiesi 42 wneh &afiereipr ctessorramgogssor

programmegddadinaeease Hae ditpning zangematihe dirnmes 4QBIa EBQNH&@XH@EB& dimmipg Eangs, such
that the hig)h-grgqrhnas%fig(ﬁ%%eg .ﬂltggasxj% }Sein ett aver?glz_.turr.ent dr%viéoft e power supply 422 is
greatly dependent on the TMpedance of the connectad ighting 1654 e Gimhmer 456mME denerally
tend to coritirskobbleratimgniithoéithrse thevnbatfal disnitimgsangs! dedhberagedmumegdisnming range,
without changinebesveenthg s anges 4l the.qannesiedionting:loaglis.cengg .t ma%d%@ b
he d ty f1 ellgﬂtlng

wattage. Since the load impedance changes as the dimmer 400 changes the inten

load 408 (I:8TASHE figRTaearientiBadiid ihisebarte Brmelipmin ey surifadhee), the

microproceszorhli4pretgeaklyimositorsthe tneveeidieetachakger the RRRIGWSIRIade s preatly
dependent on the impedance of the connected lighting load, the dimmer 400 will generally tend to
continue operating with either the normal dimming range or the maximum dimming range, without
changing between the ranges, until the connected lighting load is changed to a different wattage.
Since the load impedance changes as the dimmer 400 changes the intensity of the lighting load 408
{Le., as the light level is increased, the impedance of the lighting load will increase), the
microprocessor 414 preferably monitors the time required to charge the energy storage
capacitor C510 at or near high-end since this is when the power supply 422 will draw the worst-case

charging current.

{0033} The microprocessor 414 is also capable of disabling the active charging circuit by
pulling the port 424 high before the hardware shut-off circuit disables the active charging circuit. If
a predetermined time elapses (from when the active charging circuit is enabled) before the

transistor Q536 shuts off the active charging circuit, the microprocessor 414 will preferably override
the hardware shut-off circuit to protect the transistor Q514 and the resistor R516 from potential
damage, i.e., as the voltage across the dimmer increases, the current through, and the power
dissipation of, the transistor Q514 and the resistor R316 will increase. The predetermined Hme

preferably corresponds to a time after which the vpltage across the dimmer is great enough to pose a



capacitor C510 at or near high-end since this is when the power supply 422 will draw the worst-case
charging current. [00531 The microprocessor 414 is also capable of disabling the active charging
circuit by pulling the port 424 high before the hardware shut-off circuit disables the active charging

circuit. If a predejggmipgsdigie elapses (from when the active charging circyitis,gRabled)hefore the
transistor Q536 shuts off the active charging circuit, the microprocessor 414 will preferably override

the hardware shut-off circuit to protect the transistor- Q3514 and the resistor R5 16 from potential
damage, i.e., as the voltage across the dimmer increases, the current through, and the power

dissipation nsi 514 a her r 8516 WI||I crease. The predete ed time
preferably 080r“ﬁ'rt'a'elslfio?i1 S % Atime arte Qﬂ)w &h ft(ﬁ Pa“é% Adross "@? ‘&.rr%’ﬂﬁéff?‘@‘%a{%@g&?&ﬁ% pose a
WO 2007 10656F1RP GT/US 20061025662 Cagf@1fmt@ﬁ\t[atzhammdd&hecsuscgpam}amammsoffdimmwer

SuPPly 422chde aSISI05 Q51 AU INE: 1O RO TheySoel wnsialagR saaciir C510 can

potentially require greater amounts of time to charge: during startup of theLJ)ower supply 422; (2) if

the power rEYURRHTEHY 61 frindAibro fyciage &5%‘5?#’0&63[5&‘?&?6\/\91\96 I’Eﬁ@’é%l% it &he raater than

normal; or (Rifthegnérgys storddecapagitaiimpatabitntiatharge during a certain half cycle. [0054J
The microprocessor 414 is also able to control the loads of the power supply 422, i.e., the gate drive

circuit 412, i HEDS 418 sk the-SCUMmUNICAtn et é&ﬁzdlfﬂt&qmgmﬁgg‘sa%%ﬂﬂﬁﬁﬁ%e%s that
the energy ggora e capacitar C§ 10 does not have enough time to charge during each half-cycle, the
H

microproce e fisHtioHat & (e Sdfma dr & 8RR RN 5wed Ludbiito draw less current
by, for exammemmmmgre}ﬁfﬁbated&mlngtti&ed@stéﬂa@ﬂmﬂg)oﬁs thelsemicanausiargwitehi4 10, or

placing the GaMmIRGAUA AU 42540 ARt i6lf.ade, Ao, SHilNgDe.SladUR.OTE BANRERIPPIY

422, the microprocessor 414 does not enable't ds of t e powe supply unetl?a era
predetermnﬁ’@ﬁeﬁ GHRBET eIt s s e Ao it DIty Bltaing Yider Srovided syl fesdi 8rgyrsireratie

capacitor Cﬁ&@e&ﬁ&ﬂﬂ&@c@ﬁim&\éﬂm%ﬂﬁ@&% e npweatisurplyiddZ MmaYalisqincide anadditional

dugt h, i NPN gransjstor 0540 (as sh 5C), for selecfivel
Sotching AL UnSHHAA Pou P LI AN b e LT BT G AP TR R it the

boot-strap fststorpply until after a predetermined number of half-cycles to allow the DC voltage Vec

provided by the energy storage capacitor C510 achieve a stable value.

[6053] ‘The power supply 422 may also include an additional semiconductor switch, for
example, a NPN transistor Q540 (as shown in Fig. 5C), for selectively switching the boot-strap
resistor R512 out of the circuit after startup of the power supply, i.e., when the boot-strap resistor is
no longer needed. The base of the transistor Q540 is coupled to an output port 542 of the
microprocessor 414 through a resistor RS44. Accordingly, the microprocessor 414 is operable to
render the transistor 540 non-conductive to disable the passive energy-receiving circuit comprising
the boot-strap resistor R512. The base of the transistor Q540 is also coupled to a resistor R546.
Before the microprocessor 414 1s powered, a current flows through the resistor R546 into the base of
the transistor Q540, such that the transistor Q540 allows the energy storage capacitor C510 to charge
through the boot-strap resistor R512.

[0056] Fig. 6A shows a flowchart of the normal operation process of the microprocessor 414
for centmiljmg the power supply 422 of the dimmer 400. This process is performed each hatf-cycle.
The process begins each half-cycle at a zero-crassing of the AC voltage at step 600, and then

executes in sequence a power supply conirol/monitor routine 602 and a dimring range control

routine 604.



no longer needed. The base of the transistor Q540 is coupled to an output port 542 of the
microprocessor 414 through a resistor R544. Accordingly, the microprocessor 414 is operable to
render the transistor Q540 non-conductive to disable the passive energy-receiving circuit comprising
the boot-strap resigtoRRdws I he base of the transistor Q540 is also couple(}éq/{;}gﬁ&ﬁ;grﬁgma
Before the microprocessor 414 is powered, a current flows through the resistor R546 into the base of
the transistor Q540, such that the transistor Q540 alldws the energy storage capacitor CS 10 to charge
through the boot-strap resistor R512. [0056] Fig. 6A shows a flowchart of the normal operation process

of the microprocessor 414 ontrolling the power supply 422 of the dimmer 400. This process is
performed %@c ﬁ?lalf-cyc?l-ég{ [ﬁél%\?fosge%sp%%cehafrggyg%ecﬁehaéljlf%?aé/ SPHOUPRRFSL LS e AE I age at

step 600, afiaihent expélides iseonitiverdsioigizsdpilyccempsl/mdiitarseodine 6@ amcha dimming
range contiQl. iouting S04 MR, @%7!89%%&9&%%%%Qé@%ﬁ@@&ti&e@i@%?&c’f&gsiﬁgaﬁﬂ Q2

flowchart of the Eower supply control/monitor routine 602 in greater detail. At step 605, a "turn-on"
timer is initffZ6HY foM &R AN 1o 8t 8eE; Hibriberandimit Bacreteanestifis opsratiotecmmesdum-on
timer determings:titepting thepesssdopr:arogsingand ivhemathapetiyecharginesicuitisognabled. If
the turn-on_timer has.not el I.e., has not decreased to _zero) at step 606, t%% rocess loops until
the turn-on‘tilgrwnf:g(1 sﬁaiftg%%g@eﬁ%?? VES/ (?c%%lreggeg_l‘%ﬁ%% * %iﬁ?lséjref% ssot)éirffleed at st y 14 'decreases in
value with fespéizedoitingsampie. tartlomstinariss inpddhizegrioe deahnpleato $00sEc;and israpednD

override the-fiardwane shutnell cirer i camnrising. lrensisior Qe sl e enargy, sRrage.Sapagiter C5 10
does not chzr]rgsg f@llé/ before the turn-off timer elapses (i.e., decreases to zero). [00581 At step 610,

port 424 of B MiErSprELERESF U149 configured. as an output, and then, the port 424 is pulled low at

step 612, thus enabling the active charging circuit and causing the energy storage capacitor C510 to

begin chard3ii.e., stoftheieriziyyost B gréaberistapiosesintit i srmemesripdatonaubmt, Neldhane

microprocesggqiowaits fopaltimet WM (Whish ispeferabledR0secsiio, 200lisask ahsieR §14. Now, the
microprocessor 414 checks the &gtlé ge at theg)orl 424 by first confi%lring the port as an intgut at step
616 and th&R TeAdGThe BSHAL %%P@g‘f*ﬁ VBftadkarthaes energh) at d greater rate, Le., with a

smaller time constant. Next, the microprocessor waits for a time twagr (which is preferably 100usec
to 200psec) at step 614. Now, the microprocessor 414 checks the voltage at the port 424 by first
configuring the port as an input at step 616 and then reading the port at step 618. The voltage at the
port 424 will either be low (i.2., at or about zero volts) if the energy storage capacifor C510 has not
fmished charging, or high (i.e., at or about V) if the energy storage capacitor C510 is sufficiently
charged and the transistor Q536 is conducting. Since the microprocessor 414 can only cease driving
the port 424 for short, infrequent periods of time to prevent disabling the active charging circuit, the
wait operafion at step 614 aliows the microprocessor 414 fo periodically monitor the voltage at

port 424 at an appropriate interval of time.

[0659] At step 620, if the port 424 is high, then the turn-off timer is stopped at step 622, the
port 424 1s confrgured as an output at step 624, and the port is pulled high at step 626. The process
then exits. If at step 620 the port 424 is still low, a determination is made at step 628 as to whether
the turn-off time has expired. If not, the process loops around to enable the active charging circuit

and then to monitor the port 424 again. If the turn-off timer has expired at step 628, the active

charging circuit is enabled at steps 624 and 626 and then the process exits.

[6060] Fig. 6C shows a flowchart of the dimming range control routine 604 in greater detail.

At step 630, a charging time, touarae, of the power supply 422 for the present half-cycie is



port 424 will either be low (i.e., at or about zero volts) if the energy storage capacitor C510 has not
finished charging, or high (i.e., at or about Vcc) if the energy storage capacitor C510 is sufficiently
charged and the transistor Q536 is conducting. Since the microprocessor 414 can only cease driving
the port 424 for short, | nt periods of time to prevent disabling the acti /}Fi] ing. circuit, the
wait operation at E‘?épz %Eg&%%gws the microprocessor 414 to periodically mor}%f gég\]/%%é’é‘é at port
424 at an appropriate interval of time. [0059) At step-620, if the port 424 is high, then the tum-off timer
is stopped at step 622, the port 424 is configured as an output at step 624, and the port is pulled high
at step 626. The process tpe exits, If qft tep 620 the port 424 is still low, a determination is made at
step 628 as %‘W? ‘?%mfﬂé AEbF IR I’%s%?b‘ﬁ%&”’ﬁ%&?&ﬁé%&e’%%%%“éﬁ’o%‘&ﬂf 8%able the
active charging-cifdiitesinddhesetamdritirdhe ped R4 agaift fhtheust-pftimerdhasexpired at step
628, the active chargi Lrcuit | t steps 624 and 626.and then the process exits. [00601
Fig, 6C Shou AHGUBeLt of e Ak e EOAa OURE- SO TR AL, o B8 B30, a
charging tinfelctePFOBsYriHeapams SUisReade fipter pPode frhammepeia Hnving 00005661

PCT/US2006/256621<18y delasminediiomdhe fingl valus ef sheswin-eff Hmelqu exampig,ifithe

original valuer'lof thﬁt rn-off ?ri 400 s 8.andthe final value of the turn-off timer is 150 jisec, the
RO D G ey 1 v

charging tinie  teH €2 1 PUPSERT O Eharg AT IR S A A KERblS MatehssA ©

threshold, tTenntHeatirebmidroprecessdraliisy dietptbtclchging eitivet dinges d4dOwakthe maximum
dimming rangeslf,the, CHASING HNG LGIARG %E%@J%X@.“}@o@rtﬁmﬂé%ﬁﬁbt%% R A% e

microprocessor 414 v_w]l.at_tempt to change fﬁe dimmer 400 to the normal dimming range. A variable K
and a variaBRE RERHE BEBYA Cas entRlesdf e dbatnine maross it YAdablvarghsh time

tCHARGE imbellaunthe!thserholchil i, ar aboye dhe shrasholth 1T k- raspesiivemidiate, thahiha yariables
Kand M areﬂggg[gqably initialized to zero. The variables K and M are incremented until the variables
reach maximum values, KMAX and MMAX, respectively. Preferably, the maximum values KMAx and .
MMAX are both 3. [0061] At step 634, if the variable M is greater than zero (i.e., the charging time
tcHARGE wi8¢Ehove th HﬁF@éﬁ?éldfﬁFﬂ"awma%és BFeRfio (e R are ficte hthearias driableMad réset to

zero (i.e., Mabove the threshold try during the previous half-cycle), then the variable M is reset to zero (i.e., M
equals zero) at step 636 and the variable K is incremented by one at step 638. If the variable M is
not greater than zero at step 634, the process simply moves to step 638. [f the variable K is equal to
Kymax at step 640, the charging time tcgapgs has been above the threshold try for the appropriate
number of consecutive times and the dimming range is accordingly changed to the maximum
dimming range at step 642. However, if the variable K is not equal to Kmax at step 640, the

dimming range is not changed and the process exiis.

[G662] If the charging time tcgarge 15 above the threshold try at step 632, the
microprocessor 414 uses a similar process in steps 644, 646, 648, 650 to determine if the

dimmer 400 shouid change to the normal dimming range at step 652.

{00634 Fig. 7 shows a flowchart of the startup routine of the microprocessor 414, The
process begins when the microprocessor comes out of reset mode at step 702, At step 704, the
microprocessor 414 maintains the port 424 at high impedance to keep the active charging circuit
through transistor Q514 disabled. The microprocessor 414 measures the frequency of the AC source
voltage and synchronizes to this frequency at step 706. At step 708, the variables K and M (that are

used in the dimming range control routine 604) and a variable ZC_CNT are initialized to zero. The



equals zero) at step 636 and the variable K is incremented by one at step 638. If the variable M is not
greater than zero at step 634, the process simply moves to step 638. If the variable K is equal to
KMAX at step 640, the charging time tctHAROE has been above the threshold tTH for the appropriate

number of consecy & nd the dimming range is accordingly change % m dimming
range at step 642. g‘évﬁg%}ergl the variable IC is not equal to KMAX at step gﬁt‘gr % ET‘}c?mm?%g range is

not changed and the process exits. (0062] If the chardihg time tCHARGE is above the threshold tTH at
step 632, the microprocessor 414 uses a similar process in steps 644, 646, 648, 650 to determine if
the dimmer 400 should change ta the normal dimming range at step 652. [0063) Fig. 7 shows a
flowchart of & ¥t up O GHIAESE the'th %?8%8&@&6?04@1% e e Zotess PRt ATV aiaee
microprocessgsigamesieuiefipset mode at step 702. At step 704, the microprocessor 414 maintains
the port 424 at high impedance to keep the active charging circuit through transistor Q5 14 disabled.

The micropyggegsor 414}!’&@@%@1@ the:freanency Qfthe.O E5uY Sa&% GhayRg this
frequency a[t step 706. At ste %7080th%varlables K gnd M tﬁ%ﬁre uused in ?% dlmm?nlégnrﬂa&r?g%g%ontrol

routine 60458AKCY DaniBe FEERALRE %ﬁm&e&%f’fé?'&mﬁvﬁé‘%e‘/ 6D P1Rts6 e power supply 422
PCTJUS2006/02566 the- ddtagriables ZE€ «@NT sonsed-hyathierstattup souyingisad kewnt AbedeToaciassings

of the AC valiage, supphnd, i) 1R da9Ged | 4 et e b

supply control/monitor routine 6 owninF OI' a COI’]SGCU'[IVG

half-cycles t8%iE\0theE satrateduppiien b H@g‘fﬁﬁ?@%@&i&ﬁeﬁé@ﬁdé@ftlﬁe@%’rgy@ewg@tapacitor
C510to a spef;,me%lemle AlrSiap A Qciieishreress Wals sikaesro-ciRasingis delest ggimamtthen

the power s trol/monltor routin S exec 712, if the variable ZC_CNT is less
than or equflatziIPH %ﬁlgxnﬁfr@ﬁ SrOZERHEXE %%Oi aébﬁﬁ?éééﬁf IS SRRAShiBHIRE B BRE AP uter7 14
and the progies$iooibs toiweptofosstret irfeﬁktezéaﬂgmmksmg dtestepid@iOuitdhemiatial etZ GroGHET is greater

than the nugahes %Qm:\ﬁgh%gsfem 658 he: %@B@W@ﬁ@%ﬁ@ré}%égﬁ{a D& LAving, g, semiconductor
switch 410 to provide power to the Ilg ting load 408, turns on the LEDs 419, an beglns

communicatM R HEOR SHAHERCA SRR IS SiestRFPIsuS& e startup routine exits.
[6065] While the present invention has been primarily discussed operating in a closed loop
mode in which the microprocessor 414 is able to monitor the power supply 422, the microprocessor
may also operate in an open loop mode. The microprocessor 414 could simply turn on (i.e., enable)
the active charging circuit each half-cycle and allow the hardware shut-off circuit to turn off (ie.,
disable) the active charging circuit. Alternatively, the microprocessor 414 could turn off the active
charging circuit of the power supply 422 at a predetermined time after the active charging circuit is

turned on, rather than monitoring the power supply in order to turn off the active charging circuit.

{0666] Although the word “device™ has been used to describe the load control device of the
present invention and the elements of the load control device, it should be noted that each “device”
described herein need not be fully contained in a single enclosure or structure. For example, the
dimmer 400 may comprise a plurality of buttons ina wail-mounted enclosure and a processor that is

included in a separate location. Also, one “device” may be contained in another “device”.

0067} Additionally, the circult diagrams shown in the figures and described in the text are
an example of the tuvention and are not the only implementations possible. As appreciated by a
person of ordinary skill in the art, component, software, and circuit substitutions and alterations may

be made to the present invention without Hmitation except as identified by the appended claims.



[0065] While the present invention has been primarily discussed operating in a closed loop mode in
which the microprocessor 414 is able to monitor the power supply 422, the microprocessor may also
operate in an open loop mode. The microprocessor 414 could simply turn on (i.e., enable) the active
cha_lrging cir(_:uit eﬁ@z}a@\)‘é@&e_ and allow t_he hardware shut-off circuit to turr’1) 8%1%2%@3 . /gg%gle) the _
active charging circuit. Alternatively, the microprocessor 414 could turn off the active charglng circuit
of the power supply 422 at a predetermined time afte?the active charging circuit is turned on, rather
than monitoring the power supply in order to turn off the active charging circuit. [00661 Although the
word "device" has been used to describe the load control device of the present invention and the
elements oﬁpi%glload cod’%‘fﬁﬁoﬂg\}iﬂ’é,H’Eeé‘,%lﬂﬂaﬂﬂoﬁdl%%bﬁ‘?ﬂtd@%wﬁaé@?@é&t‘%‘&ﬂ?ﬂi&ﬁuﬁérein need not
be fully contaibetl ir@singte enalosuitecnatiniuied herdexatple aide idmmerd00 maycomprise a
plurality of bugtons i all-mounted enclosure and a processor that.is inclu%e .in a separate
ocaton. Al e A S R R R R
diagrams sk rdifricfigigres anddaseyibe dirmphentod daman example of the invention and are not
the only implementations possible. As appreciated by a person of ordinary skill in the art, component,
software, and circuit substitutions and alterations may be made to the present invention without
limitation except as identified by the appended claims. WO 2007/005651 PCTJUS2006/025662 -20-
[00681 Although the present invention has been described in relation to particular embodiments
thereof, many other variations and modifications and other uses will become apparent 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. 21 MCSLLP WHAT IS CLAIMED IS: 1. A two-wire load
control device for control of power delivered to an electrical load from a source of AC voltage,
comprising: a first controllably conductive device adapted to be operatively coupled to the source of
AC voltage and to the electrical load for controlling the power delivered to the load;



a microprocessor coupled to the first controllably conductive device for controlling the first controllably
conductive device; and a power supply adapted to be coupled to the source of AC voltage and coupled
to the microprocessor for generating a DC voltage to power the microprocessor, the power supply
including an energy storage element and a second controllably conductive devicejfoscpntrollably
storing energy in the energy storage element; where# the microprocessor is operatively coupled to the
second controllably conductive device to control the second controllably conductive device, further

wherein the plkExElpsR- AP ddmprises a low impedance circuit in series electrical connection
with the second controllably conductive device and a high impedance circuit in parallel electrical

connection with the series eombinaiion el tineniiiRedancenaistuit iwetneFeepadsantrollably
conductive device; wherejn.when the second controllab% canductive device is non-conductive, the

energy storagecsl farirad BB AR ST 8L ere CHaRgy ISIGH%re high impedance circuit, and when
the second contLoIIa@kzrgml ﬂfzjw@gemﬁau&ﬁme/edabmgm@w;ﬁm@gﬂ;e&emﬂm i9 mﬁerable to
receive energy through the low im ircuit oad control device of claim 1, wherein the
microprocess%ﬁ%&ﬁ?d’lr‘él Hid §83‘b?fﬁﬁ°8#8%$‘?&p&%?éﬁ%?ﬁ%° et Srp%‘geéﬁg%frgf&%& element
is receiving dpgdgy through the low impedance circuit. 3. The load control device of claim 2, wherein

the power supply further comprises a halre /a r&lsiﬁut -Off C|r &Ior causin t%% secand controllably

conductive device t8 BRESHIE A EShdCHVE Wheh %hcmﬁ é}gne%cc(telegs avbred%termlned

threshold. MGShi:H1i22 ﬂ]eﬁhetloadmﬁamlmmzimwédma awdherein the microprocessor controls the
second controllably conductlve e a%ﬁ%tco come C‘i”&%&&'}‘{e at a Q%dﬂﬁ mllped t|H1e aftIer a

Zero- crossmg of the %@VO& COﬂ r eV|ce O C al erel e mlcrcpprocessor
controls to the mlcroprocessor for generating a DC voltage to power the microprocessor, the

power supply including an energy storage element and a second controllably conductive
device for controllably storing energy in the energy storage element;

wherein the microprocessor is operatively coupled to the second controllably
conductive device to control the second controllably conductive device,

further wherein the power supply further comprises a low impedance circuit in
series electrical connection with the second controllably conductive device and a high
impedance circuit in parallel electrical connection with the series combination of the
low impedance circuit and the second controllably conductive device;

wherein when the second controllably conductive device is non-conductive, the
energy storage element is operable to receive energy through the high impedance
circuit, and when the second controllably conductive device is conductive, the energy

storage element is operable to receive energy through the low impedance circuit.

2. The load control device of claim 1, wherein the microprocessor monitors
the power supply in order to determine whether the energy storage element is receiving

energy through the low impedance circuit.

3. The load control device of claim 2, wherein the power supply further
comprises a hardware shut-off circuit for causing the second controllably conductive
device to become non-conductive when the DC voltage exceeds a predetermined

threshold.



the second controllably conductive device to become non-conductive before the DC voltage exceeds
the predetermined threshold. 6. The load control device of claim 2, wherein the microprocessor is
operable to control the first controllably conductive device in order to control the power delivered to
the electrical load in response to monitoring the power supply. 7. The load control devidé ©f kldim 2,
further comprising: a low-voltage load powered by th&DC voltage of the power supply and operable to
draw a current from the energy storage element of the power supply; wherein the microprocessor is
operable to control the first Gonteetizishytrebiriiesiod eicd. iFioren BecBifroPtP NP HENered to

the electrical {Rége%r{&égf;@éﬁaﬁ@)%&e}ﬁa%@% deana Ryshelaw:yaliageload -libedoadgontrol device

of claim 2, further comprising: a low-voltage load powered by the DC voltage of the power supply and
operable to dia HeuArenaRitHE Shébgy Stoitii€element of the power supply; wherein the
microprocessor is operable to control the amount of current drawn by the low-voltage load in response
to monitoring the power supply. 9. The load control device of claim 1, wherein the microprocessor

controls the second®eontrollBBpadAONERLEcHHEE ¢ 158 comBEsRdhE AN OPEORPERSEEIHIRBY time
after a zero-cyssing:Rf thg:AG¥NtRE8IIAvERR IRad coptnheavier Airlair berheiaiiae

microprocessor controls the second controllably conductive device to become non-conductive at a
predeterminedokipge artsrd 2Brats sy Rk Wbltage. MCSLLP 23 11. The load control device
of claim 1, wherein the power supply further comprises a hardware shut-off circuit for causing the
second controllably conductive device to becomgﬁwon-conductive vm?en the DC voltage exceeds a

predetermined thrednold. 12°TREISEALEY B GRACE TR daltieT RSP EBRREPRSSYT B

operable to control the first controllably conductive device in order to control the power

delivered to the electrical load in response to monitoring the power supply.

7. The load control device of claim 2, further comprising:

a low-voltage load powered by the DC voltage of the power supply and operable
to draw a current from the energy storage element of the power supply;

wherein the microprocessor is operable to control the first controllably
conductive device in order to control the power delivered to the electrical load in

response to the current drawn by the low-voltage load.

8. The load control device of claim 2, further comprising:

a low-voltage load powered by the DC voltage of the power supply and operable
to draw a current from the energy storage element of the power supply;

wherein the microprocessor is operable to control the amount of current drawn

by the low-voltage load in response to monitoring the power supply.

9. The load control device of claim 1, wherein the microprocessor controls
the second controllably conductive device to become conductive at a predetermined

time after a zero-crossing of the AC voltage.

10.  The load control device of claim 1, wherein the microprocessor controls
the second controllably conductive device to become non-conductive at a predetermined

time after a zero-crossing of the AC voltage.



a low-voltage load powered by the DC voltage of the power supply and operable to draw a current
from the energy storage element of the power supply; wherein the microprocessor is operable to
control the amount of current drawn by the low-voltage load to substantially zero amp%f@é g\le
predetermined number of half- cycles of the AC voltage after a startup of the microprocessor."13. The
load control device of claim 1, wherein the power sugply further comprises a third controllably
conductive device in series electrical connection with the high impedance circuit, the microprocessor
operable to control the third controllably conductive device. 14. A two-wire load control device for

control of a load fronja soufge QB&%M%%@@B@E%JH@,%@EM@?M SR elivg gevice

adapted to be coupled in series electrical connection between the load and the source of AC voltage;

a power supphy EEHTSHSRG AEIRtFEIAIoE Fipal N EtnsBg Reuderaiedably cesfrgétion with an

energy storage-gleneBbcRNQME KRR eRATabIeIDBrovidRa REeouoliagedadhaignergy storage
element, the energy storage element operable to receive energy when the first controllably conductive

device is non!BEH ﬂ}&ive; and a controller powered by the DC voltage of the power supply and coupled
to the first controllably conductive device and the controllable impedance for control of the first
controllably conductive device and the controllable impedance, respectively; wherein the controller is

operable to control the contrBAPRE FAPBRkREGY ?ﬂ@@ihﬂ%@%@%ﬂéﬁ’@icause the energy storage
element to receive enkr@yalady sd@iparetd o camnitheicoptigtabledmpaedppretal asaapnrd

impedance valug to cause th ene&rlgé/ MCSLLP 24 storage element to receive energy at a second

rate, wherein thE 88O RYIMbESEh JE FaRISY iSURss N maR; ShARROmESHRR Brst impedance value. 15.

The load control devide:efekhinnidophrssinthe genitdableimpedansaoconipdsasa frshesistor in
[ lectrical [ ith llabl
series ectrl%ay ﬁl%qg?vqggﬂavé’el:t logd'S %Cgu%%tggggl?y %grg amps for a predetermined number of half-

cycles of the AC voltage after a startup of the microprocessor.

13.  The load control device of claim 1, wherein the power supply further
comprises a third controllably conductive device in series electrical connection with the
high impedance circuit, the microprocessor operable to control the third controllably

conductive device.

14. A two-wire load control device for control of a load from a source of AC
voltage, comprising:

a first controllably conductive device adapted to be coupled in series electrical
connection between the load and the source of AC voltage;

a power supply comprising a controllable impedance coupled in series electrical
connection with an energy storage element, the power supply operable to provide a DC
voltage to the energy storage element, the energy storage element operable to receive
energy when the first controllably conductive device is non-conductive; and

a controller powered by the DC voltage of the power supply and coupled to the
first controllably conductive device and the controllable impedance for control of the
first controllably conductive device and the controllable impedance, respectively;

wherein the controller is operable to control the controllable impedance to a first
impedance value to cause the energy storage element to receive energy at a first rate and

to control the controllable impedance to a second impedance value to cause the energy



conductive device, wherein the controller is operable to control the second controllably conductive
device. 16. The load control device of claim 15, wherein the controllable impedance comprises a
second resistor in parallel electrical connection with the series combination of the sec C(\tlsc!'ér*?trollably
conductive device and the first resistor. 17. The power supply of claim 14, wherein the second
energy-receiving circuit comprises a first controllablﬁ‘l:onductive device having a control input, the
energy storage element operable to receive energy at the second rate when the first controllably
conductive detERERSRENCHVESCRINE IR B EB RIS R RS (815 SRR HB RSBt BIYC

conductive deyigaseaRRAUGt/RA0E AN teeRRYIClvSek8cd BeIROwer supply of claim 17, further
comprising: a hardware shut-off circuit operable to render the first controllably conductive device

non-conductive when the DC voltage exceeds a predetermined threshold. 19. The power supply of

claim 18, further comprising’ha kREOsheeNIOHablreanailclive KlvinarRvibe-RVINgi/A sQRked input and

coupled between the DC voltage and the control input of the first controllably conductive device;

g
wherein the fifSPESHEFO B} ESHICCHY SHEYTEIL fahaRBacEoAIMhvetrnar ¢rBIeBRBNd controllably

conductive dexigéuigiceduiityeviddeihiBnonebSeR lypel shiins LOnwbeeindbsbatdwarrighut-off
circuit comprisea: M.CS%I:_F? 25 a third controllably conductive device having a control input and
coupled betWEBAYHE BEViSftage and the control input of the second controllably conductive device: a
resistor coupled to the DC voltage and the control input of the third controllably conductive device;
and 16.  The load control device of claim 15, wherein the controllable impedance

comprises a second resistor in parallel electrical connection with the series combination

of the second controllably conductive device and the first resistor.

17.  The power supply of claim 14, wherein the second energy-receiving
circuit comprises a first controllably conductive device having a control input, the
energy storage element operable to receive energy at the second rate when the first
controllably conductive device is conductive;

wherein the controller is operable to render the controllably conductive device

conductive and non-conductive.

18.  The power supply of claim 17, further comprising:
a hardware shut-off circuit operable to render the first controllably conductive

device non-conductive when the DC voltage exceeds a predetermined threshold.

19.  The power supply of claim 18, further comprising:

a second controllably conductive device switch having a control input and
coupled between the DC voltage and the control input of the first controllably
conductive device;

wherein the first controllably conductive device is rendered conductive when the

second controliably conductive device is conductive.

20.  The power supply of claim 19, wherein the hardware shut-off circuit

comprises:



a zener diode having a cathode coupled to the junction of the resistor and the control input of the third
controllably conductive device; the series combination of the resistor and the zener diode connected
in parallel electrical connection with the energy storage element; wherein the third (:ontroll(?\m%ySLLP
conductive device is rendered conductive when the voltage across the zener diode exceeds the
break-over voltage of the zener diode. 21. The powet>supply of claim 18, wherein the controller is
operable to render the first controllably conductive device non-conductive before the DC voltage
exceeds the predetetiid G RO ondrpdvssiveicedpipot erafrrLBnnhardipotmedontroller is

coupled to the,-hasdwaresoutspi &irshit @R daanarble 1aidelesinedh thahsrdiiarg.sh-off circuitis

rendering the first controllably conductive device non-conductive. 23. The power supply of claim 17,
wherein the s@%ﬁﬁﬁﬂenergy-receiving circuit comprises a first resistor in series electrical connection

with the first controllalbsigenesietive derie®4olihe: RaweisunyIahelaint A3 wipgrein the first

energy-receiving cir]ftgi comprises a second resistor in parallel electrical connection with the series
combination SPHEHARECEMPSREEE Fattfuéive device and the first resistor. 25. The power supply of

claim 24, wherein the figabefiom@yhRaaiVNABIsaYItHINEI CORMPHRES A SaseReanttaliaply conductive
device in series elgftrical cg&)qéq{gtion with the second resistor; the controller operable to render the

second contr&PABTY BBHEE B Ca RS Sea S Bk e b S TiRee Mbinion oF i power

supply of claimsistowder eis Headirsiodenisatiablyicanduaive: davicd coMPESEs igemicargpetor switch.
27. The power su%gl of clati_m 26, wherein the semiconductor switch comprises a bipolar junction
transistor. 28 SRE#5-Wi898ad control device for control of a load from a source of AC

wherein the third controllably conductive device is rendered conductive when

the voltage across the zener diode exceeds the break-over voltage of the zener diode.

21.  The power supply of claim 18, wherein the controller is operable to
render the first controllably conductive device non-conductive before the DC voltage

exceeds the predetermined threshold.

22, The power supply of claim 18, wherein the controller is coupled to the
hardware shut-off circuit and is operable to determine if the hardware shut-off circuit is

rendering the first controllably conductive device non-conductive.

23, The power supply of claim 17, wherein the second energy-receiving
circuit comprises a first resistor in series electrical connection with the first controllably

conductive device.

24, The power supply of claim 23, wherein the first energy-receiving circuit
comprises a second resistor in parallel electrical connection with the series combination

of the first controllably conductive device and the first resistor.

25.  The power supply of claim 24, wherein the first energy-receiving circuit
further comprises a second controllably conductive device in series electrical connection
with the second resistor; the controller operable to render the second controllably

conductive device conductive and non-conductive.



voltage, comprising: a controllably conductive device adapted to be coupled in series electrical
connection between the load and the source of AC voltage; a power supply comprising an energy
storage element, a first energy-receiving circuit for the energy storage element, and a second
energy-receiving circuit for the energy storage element, the first energy-receiving circuﬁﬂéﬂmiﬁg the
energy storage element to receive energy at a first r2ée, the second energy-receiving circuit allowing
the energy storage element to receive energy at a second rate greater than the first rate, the power
supply operable to store energy in the energy storage element when the controllably conductive

device is non-conduggve, t%{fé%%@sggg% BEIHEING ARG HPlIR0Ry 200 & SRANPUSTRCWSEEd by the

DC voltage of the power supp ler operable to control the controllably conductive device
and coupled wtethes poweriseppenacepibstvesyvdnable and disable the second energy-receiving circuit.
29. A two-wire load control device for control of power delivered to an electrical load from a source of
AC voltage, comprising: a first controllably conductive device adapted to be operatively coupled to the
source of AC voltag@€and td taeetestieitlio af deimckromst ihép sweicoeiveiectsite load; a

microprocessgy,Goupled @g&&f&)@c@g@tgg{%@y&onductive device for controlling the first controllably
conductive device; and MCSLLP 27 a power supply adapted to be coupled to the source of AC

voltage and coupled to the microprocessor for generating a DC voltage to power the microprocessor,

the power supply cofgprising; @kl @REPUSIAALS LTS R 3ERLANG £onitoH3RMAGRNAICSIVR device
operatively coupled to the microprocessor and operable to controllably store energy in the energy
storage voltage, comprising:

a controllably conductive device adapted to be coupled in series electrical
connection between the load and the source of AC voltage;

a power supply comprising an energy storage element, a first energy-receiving
circuit for the energy storage element, and a second energy-receiving circuit for the
energy storage element, the first energy-receiving circuit allowing the energy storage
element to receive energy at a first rate, the second energy-receiving circuit allowing the
energy storage element to receive energy at a second rate greater than the first rate, the
power supply operable to store energy in the energy storage element when the
controllably conductive device is non-conductive, the power supply producing a DC
voltage; and

a controller powered by the DC voltage of the power supply, the controller
operable to control the controllably conductive device and coupled to the power supply

to selectively enable and disable the second energy-receiving circuit.

29. A two-wire load control device for control of power delivered to an
electrical load from a source of AC voltage, comprising:

a first controllably conductive device adapted to be operatively coupled to the
source of AC voltage and to the electrical load for controlling the power delivered to the
load;

a microprocessor coupled to the first controllably conductive device for

controlling the first controllably conductive device; and



element in response to the microprocessor; a low impedance circuit in series electrical connection with
the second controllably conductive device; and a high impedance circuit in parallel electrical
connection with the series combination of the low impedance circuit and the second gantnaliably
conductive device; wherein when the second controllably conductive device is non-conductive, the
energy storage element is operable to receive energythrough the high impedance circuit, and when
the second controllably conductive device is conductive, the energy storage element is operable to

receive energy througkothier wntipdapisddchednualed Wrdecpuse phidlopiotssehserRSE the power

supply in orde (9AgierURR MBPIBEL e RASIAY SOrANS Rl RmERt s iRrsidRg eReta (hioudh the low

impedance circuit. 30. A power supply for a two-wire load control device for controlling a load from a
source of ACROKeigarihg RERPEBHIES device having a controller, the load control device comprising:
an energy storage elementaglpg{agsgsggrgég@&g&gc voltage for powering the controller; a first
energy-receiving circuit for allowing the energy storage element to receive energy at a first rate; and a

second energy-receiving cifcirtdBA &R8HAGERECERERSH G sictdes Qestivets ‘i@t@ﬁ%tgﬁ%‘?gy at a second

rate greater than thefitsbiAtR-WhErRIN dpaAnBtolshi% DAMSRskbYINe Pk treltagessntdiagperable to
control the power supply to selectively enable and disable the second energy-receiving circuit. 28

tWOSLLP 31. A metH3Rerir B ardriig B CSIPRERE e Swo-wire load control device for controlling
the power delivered from ap G pap@sessRia anselesidtalinad thacpiethadticaivpasing the steps

o: generating the DC yoltage acrosp 1, nergy siotgoe lemen
a high impedance circuit in parallel electrical connection with the series
combination of the low impedance circuit and the second controllably
conductive device;
wherein when the second controllably conductive device is non-conductive, the
energy storage element is operable to receive energy through the high impedance
circuit, and when the second controllably conductive device is conductive, the energy
storage element is operable to receive energy through the low impedance circuit; and
wherein the microprocessor monitors the power supply in order to determine

whether the energy storage element is receiving energy through the low impedance

circuit.

30. A power supply for a two-wire load control device for controlling a load
from a source of AC voltage, the load control device having a controller, the load
control device comprising:

an energy storage element operable to produce a DC voltage for powering the
controller;

a first energy-receiving circuit for allowing the energy storage element to
receive energy at a first rate; and

a second energy-receiving circuit for allowing the energy storage element to
receive energy at a second rate greater than the first rate;

wherein the controller is powered by the DC voltage and is operable to control

the power supply to selectively enable and disable the second energy-receiving circuit.



providing the DC voltage to a controller of the load control device; and controlling with the controller of
the load control device the time constant with which the energy storage element charges; further
wherein the step of controlling the time constant comprises selectively charging the energy storage
element with a first time constant and with a second time constant greater than the first rate in
response to the controller. 32. The method of claim 323 wherein the step of controlling@hﬁgpe
constant further comprises charging the energy storage element with the second time constant after a
second predetermined time after the zero-crossing of the AC voltage of the AC power source, the
second predetermined time closer to the zero-crossing than the first predetermined time. 33. The
method of claim 32, wherein the step of controlling the rate further comprises providing a hardware

shut-off circuit coupleid to the Béhgy besgerattmeRGorbaasingiensgpaiserrobiisvient to stop
charging with fhecsaeemehiinge seRataRtliv4ed nemm@t%wémé&efwmﬁaea@;@mm,tﬁ% step of.

monitoring the hardware shut-off circuit to determine whether the energy storage element has stopped
charging with TRERSEEHIRIRERSEERS 85. The method of claim 34, wherein the step of controlling

the time constant fugbeseonINeESCURING Heeh i sierags alemenklq; stop charging with the
second time constant bef,%re tlgbestr]irdw?re shut-off circuit causes the energy storage element to stop

charging with the sed8Rd ke ffE & p EoBEBET Thibslatdsawr iget Afther comprising

the step of: controllingthexpwevidetiveredtiol heoeigetlical doagddndespensednthe siep:afmonitoring
the hardware shut-off circuit. 37. The ethod%%fadplaim 34, further comprising the steps of: providing a

low-voltage Io%uﬁg rSI&EWtﬁté)%\fi P&ﬂg &perable to draw a current from the energy storage
element; and further wherein the step of controlling the time constant comprises selectively

charging the energy storage element with a first time constant and with a second time

constant greater than the first rate in response to the controller.

32, The method of claim 31, wherein the step of controlling the time
constant further comprises charging the energy storage element with the second time
constant after a second predetermined time after the zero-crossing of the AC voltage of
the AC power source, the second predetermined time closer to the zero-crossing than

the first predetermined time.

33. The method of ¢laim 32, wherein the step of controlling the rate further
comprises providing a hardware shut-off circuit coupled to the energy storage element

for causing the energy storage element to stop charging with the second time constant.

34, The method of claim 33, further comprising the step of:
monitoring the hardware shut-off circuit to determine whether the energy storage

element has stopped charging with the second time constant.

35. The method of claim 34, wherein the step of controlling the time
constant further comprises causing the energy storage element to stop charging with the
second time constant before the hardware shut-off circuit causes the energy storage

element to stop charging with the second time constant.



controlling the power delivered to the electrical load in response to the current drawn by the
low-voltage load. 38. The method of claim 34, further comprising the steps of. providing a low-voltage
load powered by the DC voltage and operable to draw a current from the energy stofafé iglément; and
controlling the amount of current drawn by the low-voltage load in response to step of monitoring the
hardware shut-off circuit. 39. The method of claim 32%urther comprising the steps of: providing a
low-voltage load powered by the DC voltage and operable to draw a current from the energy storage
element; and controfifhg thé emaehe o wiremt traiWithisy BRSNS Ry to substantially zero

amps for a predetermined MR8l RAlHERR @ the AL vRlRanalipfa AR wE g cantroller. 40.

The method of claim 31, further comprising the step of: determining if the DC voltage has exceeded a
predeterminediskades (habasivirie shaf O éHistdIling the time constant further comprises charging
the energy storage element with the second time constant when the DC voltage is below the
predetermined VOltﬁf' 41. The method of claim 40, wherein the steg of controlling the time constant

further comprises chrging the BRERY K6kige BelmdhrnFrRInaL! §iReMCSLLP 30 constant
before a first predetgrgingddimne Rfte) @ Zeran iReeRa i ACYOlRGE: ahthepAdbRawarseurce. 42.

The method of claim 31, wherein the step of controlling the time constant further comprises charging
the energy st6FaGEIISHEAE SPARETTARTE SO A Defore a startup of the controller. 41 The method

of claim 42, further compsising thepifprlelidietarmimingl fdnr P abiipgefasexcpedad ant

predetermined voltage;
drawn by the low-voltage load.

38.  The method of claim 34, further comprising the steps of:

providing a low-voltage load powered by the DC voltage and operable to draw a
current from the energy storage element; and

controlling the amount of current drawn by the low-voltage load in response to

step of monitoring the hardware shut-off circuit.

39.  The method of claim 32, further comprising the steps of:

providing a low-voltage load powered by the DC voltage and operable to draw a
current from the energy storage element; and

controlling the amount of current drawn by the low-voltage load to substantially
zero amps for a predetermined number of half-cycles of the AC voltage after a startup

of the controller.

40.  The method of claim 31, further comprising the step of:

determining if the DC voltage has exceeded a predetermined voltage;

wherein the step of controlling the time constant further comprises charging the
energy storage element with the second time constant when the DC voltage is below the

predetermined voltage.

41.  The method of claim 40, wherein the step of controlling the time

constant further comprises charging the energy storage element with the second time



wherein the step of controlling the time constant comprises selectively charging the energy storage
element with a third time constant when the DC voltage is above the predetermined voltage, the third
time constant equal to substantially large such that the energy storage element is prgnegiteg from
charging. 44. A method for generating a DC voltage in a two-wire load control device, the method
comprising the steps of generating the DC voltage agfoss an energy storage element; providing the
DC voltage to a controller of the load control device; selectively allowing the energy storage element to
receive energyaitanfitstfoater firnd jaredcsevoindddmgrbater thanciivesfitgtabie iGeaspeaseiththe
controller; an%](qeterénigin gvhen the DC voltage exceeds a predetermined voltage; wherein the step
of controlling & Rt Tirher comprises allowing the energy storage element to receive energy at the
second rate when the DC voltage is below the predetermined voltage.

42, The method of claim 31, wherein the step of controlling the time
constant further comprises charging the energy storage element at the first time constant

before a startup of the controller.

43, The method of claim 42, further comprising the step of:

determining if the DC voltage has exceeded a predetermined voltage;

wherein the step of controlling the time constant comprises selectively charging
‘the energy storage element with a third time constant when the DC voltage is above the
predetermined voltage, the third time constant equal to substantially large such that the

energy storage element is prevented from charging.

44, A method for generating a DC voltage in a two-wire load control device,
the method comprising the steps of:

generating the DC voltage across an energy storage element;,

providing the DC voltage to a controller of the load control device;

selectively allowing the energy storage element to receive energy at a first rate
and at a second rate greater than the first rate in response to the controller; and

determining when the DC voltage exceeds a predetermined voltage;

wherein the step of controlling the rate further comprises allowing the energy
storage element to receive energy at the second rate when the DC voltage is below the

predetermined voltage.



