DMVER HAVI NG A M CROPROCESSOR- CONTROLLED POWER SUPPLY BACKGROUND OF THE

| NVENTI ON Rel at ed Applications [0001] This application clains priority from
commonl y-we@gmesss. S. Provi si onal Patent Applicati on Secirals2006/025662

60/ 695, 784, filed June 30, 2005, entitled D MVER HAVI NG A

M CROPROCESSOR- CONTROLLED POVNER SUPPLY, the entire disclosure of which is
hereby i ncorporated by reference. Field-of the Invention [0002] The present
invention relates to a two-wire |load control device, specifically a
two-wire smart di nmer having a mcroprocessor and a power supply for
generating a direct-current (DC) voltage for powering the m croprocessor.
Description of the Related Art [0003] A conventional two-wire di mer has
two connections: a "hot" connection to an alternating-current (AC) power
supply and a "di nmed hot" connection to the lighting | oad. Standard di mers
use one or nore sem conductor switches, such as triacs or field effect
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are typically coupled between the hot and di med hot connections of the

di mer. [0004] Smart wal |l -nmounted di mers may include a user interface

t ypi BACKAROUNY QFIHE ANVENTIONout t ons for receiving inputs froma user
and a plurality of status indicators for providing feedback to the user.
These smart dimers typically include a mcroprocessor or other

pr oc Ralatngdpplicdioner al | owi ng an advanced set of control features and
feedback options to the end user. An exanple of a smart dimer is disclosed
in conmmonly assigned U S. Pat. No. 5,248,919, issued on Septenber 28, 1993,
ent i t[peeit]L1 GHTITEs epplidibn Eleivh Ghrjorishifiom ¢nrhertigtassi pieziol j$o Pedvesiony Pateher ence

i PRt S NP. 1165 gEAgEled e hRaR: so AAaER BRNG A 1050 "¢
connegi@RoPROVEINORVORIROIETFBOMAR J0BPR YD I E I\ @kclosure 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 for 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 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



term nal 106 connected to a lighting |oad 108. The di mmer 100 enpl oys a
sem conduct or switch 110 coupl ed between the hot termnal 102 and the

di mred howotesmiosesh 106, to control the current throughpcang2idslesseshe
intensity of, the lighting |oad 108. The sem conductor switch 110 has a
control input (or gate), which is connétted to a gate drive circuit 112.
The input to the gate wll render the sem conductor switch 110 conductive
or non-conductive, which in turn controls the power supplied to the
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user reﬁrehbmirdtsrmmtetioo A zero-crossing detect circuit 120 determ nes the
zerocrossing points of the AC source voltage fromthe AC power suppl y 104.
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information is provid as an input to the mcroprocessor 114. The
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power supply 122 to be able todraw sufficient current, the sem conductor
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the | Ie%rt]a;[lclknt% tilg \?Ser %(t;) tsheI dsxm(rjnii Il (r)(()a dA 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 bolarity, 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.

[0007] In order to provide a DC voltage V¢c 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 voltage and derives its name from the
shape of the current waveform that it draws 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



[0008] A sinplified schematic diagramof 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 bri dge wewtsdsier conprising di odes D202, D204, D20@CcTRRO@0c/03366H t hat
the cat-ear power supply is able to generate the DC voltage VCc - The DC
voltage Vcc is produced across an energy storage capacitor C210 and has a
magni tude that is appropriate to power the mcroprocessor 114 and ot her
| owvol ta e circuitry (e.g., approximately 5V C) - The side of the energy
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vol tage Vcc produced across the energy storage capacitor C210 is limted to
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transi stors @12, Q14 to stop conductl ng, thus halting the chargi ng of
[0009} The primary charging or energy-receiving circuit 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
Jjunction of the transistor Q212, causing the transistor Q212 to conduct. A resistor R224 maintains

the base current needed to keep the transistor Q214 conductive.

[0010] 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-emitter junction of the transistor Q226. The zener diode Z228 will begin to conduct when the
voltage at the base of the transistor Q226 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



the energy storage capacitor C210. A capacitor C234 is coupled across the
resistor R232 to provide a tine delay in the shut-off of the charging of

t he ener gyovermgsicapaci t or C210. When the vol t age acr ess/usb@ecposwer suppl y
122 drops below the appropriate level (e.g., approximately 16V), the

transi stor 226 stops conducting and tthe energy storage capacitor C210 is
able to charge again. [0011] The prior art cat-ear power supply 122 has
sonme di sadvantages. First, the period of tine that the energy storage
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output voltage 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 constrained by a number of
worst-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 normal), and worst-case load
conditions (such as the number and the wattage of the lamps, 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
load 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-wattage lamp is connected to the

dinamer 100 since the impedance of the load will be substantially higher and the voltage across the



conditions, 40Nl anps are often used as the mninumload likely to be
encountered. [0013] By considering these worst-case conditions, the m ninmm
of f-ti me we 2etmsesined by cal cul ating the of f-tine that perlis2guarset ee t hat
the power supply 122 will charge full% for even the worst-case conditions.
The resulting off-tinme generally endS-up being a significant portion of

each half-cycle and constrains the maxi mum|light | evel of the attached
lighting | oad 108. However, these worst-case conditions are often not
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300 1hasoliee gwgg&gqﬁé jdqghot termnal 302 to an AC power supply 304 and a
dimred hot"termnal 306 to a lighting |oad 308. To control the AC voltage

delivered to the lighting load 308, two field-effect transistors (FETs)
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302 and..the di hot ternm.nal 30 he first FET 310 nduct.s dur.jng the
posi DIOEORE hd TR v Sro T ke M ursr A imirerAte GBE G Reb e st
dur IMtﬁ&?ri@egﬂftW&l&viwﬁmﬁ&gb_@, Which eshd@nvia Fed. or Monkth® (RORKIRAIIRNeBt at e of
the FETs 310A, 310B is determ ned by a m croprocessor 314 that interfaces
t o tsHEPlFETd desreangyhondughertime 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 greater detail in co-pending U.S. Patent

Application Serial No. 11/127,864, filed May 12, 2005, entitled DIMMER HAVING A POWER

SUPPLY MONITORING CIRCUIT, which is incorporated herein by reference in its entirety.

[0015] 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 310A, 310B is determined by a microprocessor 314 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 plurality of LEDs 318 for visual feedback to the user. The microprocessor 314 determines the



drive circuit 312. The dinmer 300 also includes a plurality of buttons 316
for input froma user and a plurality of LEDs 318 for visual feedback to

t he user.woheomiosssopr ocessor 314 det erm nes theappropri ate/usevsionget evel of
the lighting load 308 fromthe inputs fromthe buttons 316. A zero-crossing
detect circuit 320 receives the AC supply voltage through diode 32 A in
the positive half-cycles and through diode 32 IB in the negative

hal f-cycl es and provides a control signal to the microprocessor 3 14 that
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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 voltage Vs. The microprocessor 314 monitors the sense voltage Vg and decreases
the conduction times of the FETs 310A, 310B when the sense voltage Vs drops below a first
predetermined voltage fhreshold 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 V,.‘ 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 Asignal 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 Vj falls below



t hreshol ds and then provide a logic signal to the m croprocessor 314.
[0018] By nonitoring the input of the power supply 322, the m croprocessor
3 14 of twe 2demmes51300 is able to determ ne when the inputr/vseddsageschas
dropped to a level that is inappropriate for continued charging of the

i nput capacitor 324. For exanple, if "t'He sense voltage V falls bel owt he
first voltage threshold Vi, then the capacitor 324 needs a greater tine to
properly charge and the on-tines of the FETs 310A, 310B are decreased. On
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[0021] Thus, there exists a need for a simple cat-ear power supply for a dimmer that is
operable 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 circuit.

SUMMARY OF THE INVENTION

[0022] ‘According 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 controllably conductive device. The power supply is



control | ably conductive device, a m croprocessor, and a power supply. The
control l ably conductive device is adapted to be operatively coupled to the
sour ce ofwAQovmlosa@ge and to the electrical |oad for contcohistevg/obisez power
delivered to the | oad. The nicroprocqigor is coupled to the controllably
conductive device and controls the first controllably conductive device.
The power supply isadapted to be coupled to the source of AC voltage and is
coupled to the m_croprocessor, The power supply generates a DC vol tage for
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source of AC voltage, conprises a controllably conductive device, a power

supp¢®@“%nd a controller. The controllably conductive device is adapted to
be coupled in series electrical connection between the | oad and the source
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impedance value to cause the energy storage element to receive energy at a second rate. The second

impedance value is substantially smaller than the first impedance value.

[0024] 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 controllably 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 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 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



energy storage elenment. The first energy-receiving charging circuit allows
the energy storage elenent to receive energy at a first rate. The second
ener gy-r eweivdmgsesiir cuit all ows the energy storage el emeot/useoooew6Y e
energy at a second rate greater than the first rate. The power supply,

whi ch produces a DC voltage, is operabie to store energy in the energy
storage el enent when the controll ably conductive device is non-conductive.
The | oad control device further conprises a controller powered by the DC
vol t egéradiablyneongustere deuisplayd isToapledns thel josver ssppbp gy sebdctivelg enable aad disable
thecggtroll bl y conductive device and is coupled to the power supply to
sel efFiSFeR GBI ECA RS e t he second energy-receiving circuit. [0025]
In addition, the present invention provides a power supply for a two-wire
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power supply conprises an energy storage el enent operable to produce a
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cont fHUevi ce, and selectively allow ng the energy storage elenent to
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DESCRI PTI ON OF THE DRAW NGS [ 00 Fig. 1 is a si | jfied block diagram of
a prPbTSE SOV S R e o8] Vorrg: 0 Soatigler Ghihe ld qouetaescs chnd

di agspBiRtlyhleinEtk RANYS storaRRISM A td RReiVE BREEy X a Fil@ratd and at a second rate

greater than the first rate in response to the controller.

[0027] 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;

[0029] Fig. 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;

[0031] Fig. 4 is a simplified block diagram of a two-wire dimmer according to the present

invention;



[0030] Fig. 3 is a sinplified block diagram of another prior art two-wire
dinmrer; [0031] Fig. 4 is a sinplified block diagramof a two-w re di nmer
accor di ngwvoaodtes@nesent i nvention;[0032] Fig. 5A is a scrplstdicmeseszhemati c
di agram of a cat-ear power supply acc?rding to the present invention;
[0033] Fig. 5Bis a sinplified schena O di agram of a cat-ear power supply
including a half-wave rectifier bridge according to the present invention;
[0034] Fig. 5Cis a sinplified schematic di agram of a cat-ear power supply
i ncl [(¥B3AL a t r Bigs b Atipa simplfediselenmitichlizrimof a satreap ppwei atppty acoatind toghé 0
the present ipvention; [0035] Fig. 6A shows a flowchart of the nornal
opergrteﬁ‘?ﬁ UhFBE¥Ss of a nicroprocessor of the dimrer of Fig. 4; [0036] Fig.
6B shows a flowchart of a power supply control/nonitor routine of the
procpms3pf Fi grighiB if DO {liflel Gehcfatie PMS h e, | iRl A ANge
cont??? Eoutineggf,the p#%pess of Fig. éﬁ?ognd [Oggg?a%?gpg?ﬁgkgggzg

f | onedbmavefectifier bridgetagpordwgtip the mesephipventonppr ocessor of the di mmer of
Fig. 4. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0039] The foregoi ng sumary,

s bOPAE® it & 68 ATt b Rkl bB o ok BEwE SoBblBRN TR noe.

For trhwispetineas vith 4 bbetsdiiap iésigortdiCortlinga tieQitesehhi@fentich; Shown in the

drawi ngs an enbodi nent that is presently preferred, in which |like nunerals
repr %Snt simlar parts throughouf the several views of the draw ngs, it
bei nﬁ) Ader st obi#; OfAcHeveR floprhirt phbe nagresl vpeitipn Piasess|af g ristpnreressns of the
specj;tid Apgds and instrunmentalities disclosed. [0040] Fig. 4 is a

Si npii%:ﬁ%r??ﬁ%gk di agram of a two-wire di mer 400 according to the present
i nvention. The di mmer 400 includes many simlar blocks as the dimer 100 of
Fi g. [0036whi ch FigvéeB tshews afflewthartcof opoves sdgdg cotged/npordtor eatsing of Hewmvedss of
thoslgigcgg'ponents of the

{0037} 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

{0039} The foregoing summary, as well as the following detailed description of the preferred
embodiments, is better understood when read in conjunction with the appended drawings. For the
purposes of illustrating the invention, there is shown in the drawings an embodiment that is presently
preferred, in which like numerals represent similar parts throughout the several views of the
drawings, it being understood, however, that the invention is not limited to the specific methods and

instrumentalities disclosed.

{0040} Fig. 4 is a simplified 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. I,
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.



di mer 400 that differ fromthe prior art dimer 100 will be described in
greater detail below [0041] The di nmer 400 includes a m croprocessor 4 14
for driviwgaommosdsnol | abl y conductive device, preferabl pca/useoisoossdrict or
switch 410, via a gate drive circuit 412. The m croprocessor 414 may be any
suitable controller, such as a programabl e | ogic device (PLD), a

m crocontroller, or an application specific integrated circuit (ASIC). The
sem conductor switch 410 may be a triac, a field effect transistor (FET) or
an i W9diht ed gahedisupel 40 ineludesiasnisrorp@GBIYr 414 far driviegye cometllablyeronduetiye FETs
or 1GBTs ingsanti-seri.es cqn 0.0 or an t her. suyitab t ype of

e S elsR bl R ETRN Bl 0. o R Bt Ay 28s iffPpcessor 414
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plurality of LEDs 418. A cat-ear power supply 422 generates a DC vol t age

Vee fmplicpiéniesricaidictiniegiiegrooionib CasKor Thesemmoadugter sptchdd § sany bextriag, abieldl ed

to t - WET . ort 4 1S erahle to Ltor
et DB 70 120552 RBL o Rl 8o RTT ST BREl e T
char gelfyBByd andi-sefied codhedtida, oy atied Budiblé Rpepdvahicsadiptor switth42Zhe The

di mer, 400 al so includes a communi cation circuit 426 to transmt and
I ec eNNEOPRISLSSRIISCEl eHnp LR BPmcofare-grossiagidetestor 24 and yphuraligy ebbrtiass 449 andm

T . . . Lt 06 , : ke 7
exan RO G OEL RS el Sy Sihch0 SACEMEL O Bl (gmor’
compowweratg the nlictokrocessond i r'Hleaseraposuessireld iincoupladko teuabeaspoaver isapplar ed
1 TRt 14 06 SR LT O PHOEA IS e S Ao UM P BV
6, 30, ‘s fi i e CONTROL W TH W RELESS
m&gﬁ%ﬁ&&?@%%ﬂg&@?%@eﬁgﬁﬁ gigﬁ*&be of pyl[’:? RF lighting control

systemis described in comonly assigned U S. Patent No. 5,905,442, issued
May (094211999, @Eht dinhreer 400 RHODNAND:sARPARATIIS: FOR ICENHROLA irMGmANDADETHERM NI NG

THE STATUS CF ELECTRI CAL DEVL.CE ROM RE E L 11 ONS. The. t.i .
S RISk ORI SRS TR ATEROE S o i MR ION G266 c.
in taRipledatal c'bﬁﬁrﬁ(uni&a@@g%iim& I8k exafpleS a dvipddRlibf dRdoPRAE ARbiver-Hhag4fep of the

cat-ear power supply 4 according to the present invention. The cat-ear
powe(Plsmommurgcatios limkow afeielesssiogenwficasiondink, suphes bn indigecd @B) off & mdio

oD, 55 B RO R Mg 5 RS P

el engithmoh§rassigadil &S, PavnEN&raR00sA29T Re&d October 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.

10043) Fig. 5A is a 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, D504, D506, D508, such that the cat-ear power supply is able to
produce a DC voltage V¢c 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
half-cycles of the AC source voltage. The energy storage capacitor preferably has a capacitance of

approximately 680pF.



capacitor C5 10. The rectifier bridge allows the cat-ear power supply 422
to draw current in both half-cycles of the AC source voltage. The energy
st or age capacetsespr ef erably has a capacitance of appr orcTaS2ds/025662
680nt. [ 0044] Alternatively, the cat -_efli_ power supply 422 could include a
hal f-wave bridge rectifier, for exanpli'e, conprising only diode D5C8, i.e.,
t he di odes D502, D504, D506 would not be provided, as shown in Fig. 5B. Th

hal f-wave rectifier bri dge conprising only one di ode D508 woul d all ow_the
cat - B8tdloover Slipppivelpihe eateaLPQyECTiSHPRIH |4§2 eodld prpdidg a/kal Gaygleridgayseiifes,
hal f t |y line. t-
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energy storage capacitor C5 10 to begin char %gng before the m croprocessor
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is o t rent flow ng through the resistor R5 12 and the
i npe gyﬁgg@%{lgﬁﬁ%éj ﬁrél'?icggg'l oad 408. The resistor R512 preferably has a

resi stance of 15kW which is suitably | ow enough to ensure sufficient
cur r@A45] s avaThadlt-eat govarisngply K22 mobudes e phssolel charghng orodnetdyarcteivmpriadcuit

| ow-vol t age reset node. .The rent thro the resistor R512 provides
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vol tage supply input to € m croprocessor rises above approxi nma
V) . thatrthegndrpe storage capeentot 681 @isemdyyclatgeddyashe apaait flowi@sthfugh thhar gi ng

t hrough t oot- strap resjstor, R512, .t jorit f .the current drawn
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ot hegesik@nkb/od 1520E whidClY 'siéi'iebb)y lﬁy%v éﬂoﬂgﬁ?d erSLRCGR MG RLEERRS M%&@rto being the

unpowered or in reset nmode. ‘The energy storage capacitor C510 charges

t hr omighodonaoberatut of thgpntearl bvorolREE 2esahmpdie. t Hee wrinenoirapbdboresigtor RH2
runni ng. and abl e to control the power suppl 2., The boot-strap resistor
b Sl R e et e b S SR
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{0046] Once powered, the mcroprocessor 414 can enable an active charging
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(i.e., drawn by the microprocessor 414 and the other low-voltage circuitry) is minimal since the
microprocessor is unpowered or in reset mode. The energy storage capacitor C510 charges through
| the boot-strap resistor R512 until the microprocessor 414 is running and able to control the power
supply 422. The boot-strap resistor R512 is also sized to be suitably large enough in impedance so

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

[0046] Once powered, tﬁe 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 MJD47T4 manufactured by On Semiconductor) and a resistor R516. 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 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 Q518 (e.g., part number MMBTA92 manufactured by On Semiconductor) through a



has a | ow resistance (preferably 12W, which provides a chargi ng current

t hrough the energy storage capacitor C5 10 of a nmuch greater magni tude than
t he char givogoemmsesnt t hrough t he passive charging circuiPCT@Ws6i03368y t he
resistor R5 12, thus allow ng the enefgy storage capacitor C5 10 to charge
at a greater rate, i.e., with a smaller time constant. The m croprocessor
414 is coupled to the base of a PNP transistor ®18 (e.g., part nunber
MVBTA92 manuf actured by On Sem conductor) through aresistor R520
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non- conducti ve. {0047] Upon com ng out of reset node, the m Croprocessor

414 neBeonfBaivehe frequency of, and synchroni zes to, the AC voltage supply
404 by nmeans of the zero-crossing detect circuit 420 and the internal clock
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charging current for the energy storage capacitor fl ow through the
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resistor R516 and a zener diode Z528 (preferably having a break-over voltage 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.
Preferably, 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 1kQ) 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 MBT3906DW1T! manufactured by On Semiconductor) is
coupled between the DC voltage V¢ and the base of the transistor Q518. The base of the
transistor Q536 is connected to the junction of the resistor R532 and the zener diode Z534. The

zener diode Z534 preferably hés a break-over voltage of 4.7V (e.g., part number MMSZA4688ET1



transi stor (36, a resistor R532, and a zener diode Z534. The resistor R532
(preferably having a resistance of | kW and the zener diode Z534 are

coupl ed iwoesim@sesacr oss t he energy storage capacitor Cpcius2eusiobssbhe anode
of the zener diode connected to ci rcui5é common. The PNP transistor (b36
(e.g., part nunmber MBT3906DWLT1 manuf 4&f ur ed by On Sem conductor) is

coupl ed between the DC voltage Vcc and the base of the transistor b 18.
The base of the transistor (36 is connected to the junction of the
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an appropriate level), current will flow through the zener dio Z534 and
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mcr@g‘rst?é&sééf 4 14 is operable to nonitor the voltage at the base of the
transistor ® 18 to determne if the energy storage capacitor C5 10 has
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[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 to be large, expensive parts as were required in the prior art cat-ear power supply 122 of

Fig. 2.

[0051] 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 dimmer. By default, the

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



m croprocessor 414 only enables the active charging circuit at a
predeterm ned tine after a zero-crossing has been detected by the
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i s never enabled when the AC voltage is at its peak value. Accordingly, the
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Since the load impedance changes as the dimmer 400 changes the intensity of the lighting load 408

(i.e., 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.

[0053] 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, 1.e., as the voltage across the dimmer increases, the current through, and the power
dissipation of, the transistor Q514 and the resistor R516 will increase. The predetermined time

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



m croprocessor 414 preferably nonitors the tinme required to charge the
energy storage capacitor C5 10 at or near high-end since this is when the
power supwORodAdsesil | draw the worst-case charging curr eatr/ush@eb3iecd he

m croprocessor 414 is also capable of disabling the active charging circuit
by pulling the port 424 high before thé-hardware shut-off circuit disables
the active charging circuit. If a predetermned tine el apses (fromwhen the
active charging circuit is enabled) before the transistor 36 shuts off
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circuit 426 the m croprocessor 414 detects that the energy storage
capamwwrrsumﬂmo doeslenpeurteny by,efno@galmnlq:, rerning afhar djewnding rthagLElas;m aqauhmmgwff e,
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communi cation circuit 426 in an idle no Al so, during the startup of the
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Ita e € energy <t orag pacitor C510 achieve a
stabl e vaI ue. [0055] The power supply 422 may al so include an additional

seni [Ossjuct or it peker supplyetoammyealscainbiatie b addiiistdd ceridducas sshemtol n Fi g.
°C) egag{plg %l 1\?19131 It%lgélgtof \6’15518 r(lzllsns o;[)v?l?n %PgOtSC)S for s%lectwely 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 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 resistor R512. The base of the transistor Q540 is also coupled to a resistor R546.
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 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 controlling the power supply 422 of the dimmer 400. This process is performed each half-cycle.
The procesé begins each half-cycle at a zero-crossing of the AC voltage at step 600, and then
executes in sequence a power supply control/monitor routine 602 and a dimming range control

routine 604,



resistor R512 out of the circuit after startup of the power supply, i.e.,
when the boot-strap resistor is no | onger needed. The base of the

transi st owoQegoses1coupl ed to an output port 542 of theporase@socwssor 414
through a resistor R544. Accordingly, _}he m croprocessor 414 is operable to
render the transistor (640 non- conductive to disable the passi ve
energy-receiving circuit conprising the boot-strap resistor R5 12. The base
of the transistor 40 is also coupled to a resistor R546. Before the
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finished 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 operation at step 614 allows the microprocessor 414 to periodically monitor the voltage at

port 424 at an appropriate interval of time.

[0059] At step 620, if the port 424 is high, then the turn-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
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.

[0060] Fig. 6C shows a flowchart of the dimming range control routine 604 in greater detail.

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



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.e., at or about
zero vol twp 20é7/d0bes1ener gy storage capacitor C510 has notcfriuse@smessehar gi ng,
or high (i.e., at or about Vcc) if the_ energy storage capacitor C510 is
sufficiently charged and the transi stbf - @36 is conducting. Since the

m cr oprocessor 414 can only cease driving the port 424 for short,

i nfrequent periods of time to prevent disabling the active charging
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maxi pum val ues  KMAX and M MAX are both 3. [0061] At step 634, if the
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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 Kyax at step 640, the

dimming range is not changed and the process exits.

[0062] If the charging time tcyarce is 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 should change to the normal dimming range at step 652.

[0063] 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



above the threshold t rH during the previous half-cycle), then the variable
Mis reset to zero (i.e., Mequals zero) at step 636 and the variable Kis
i ncremrentwo 20y/opes1at step 638. If the variable Mis notcgrmsasmn2ishan zero
at step 634, the process sinply noves to step 638. If the variable Kis
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threshold t H for the appropriate nunber of consecutive tinmes and the
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Fig. 7 shows a f hart e startup r ine o he m croprocessor 414.
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the active charging circuit each half-cycle and allow the hardware shut-off circuit to turn off (i.e.,
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.

[0066] Although the word “device” has been used to describe the load control device of the
present invention and the elements of the load contro! 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 in a wall-mounted enclosure and a processor that is

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

[0067] Additionally, the circuit diagrams shown in the figures and described in the text are
an 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.



conmuni cation circuit 426 at step 716. Next, the startup routine exits.

[ 0065] While the present invention has been primarily di scussed operating
in a closwo bempsesode i n which the mcroprocessor 414 i gcahlseodso2396ni t or

t he power supply 422, the m croprocessor nay al so operate in an open | oop
node. The m croprocessor 414 could si%%ry turn on (i.e., enable) the active
charging circuit each half-cycle and all ow the hardware shut-off circuit to
turn off (i.e., disable) the active charging circuit. Aternatively, the
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| ocation. Al so, one "device" may be contained in another "device". [0067]
Additionally, the circuit diagrans shown in the figures and described in
the text are an exanple of the invention and are not the only

i npl enent ati ons possi ble. As appreciated by a person of ordinary skill in
the art, conmponent, software, and circuit substitutions and alterations may
be made to the present invention without limtation except as identified by
t he appended clai ns.[ 0068 J Although the present invention has been
described in relation o particul ar enbodi ments thereof, many other
variations and nodifications and other uses will becone apparent to those
skilled in the art. It is preferred, therefore, that the present invention
be limted not by the specific disclosure herein, but only by the appended
clainms. What is clainmed is: CLAIMS 1. Atw-wire |oad control device for
control of power delivered to an electrical |load froma source of AC

vol tage, conprising: a first controllably conductive device adapted to be
operatively coupled to the source of AC voltage and to the electrical |oad
for controlling the power delivered to the | oad; a m croprocessor coupled
to the first controllably conductive device for controlling



the first controll ably conductive device; and a power supply adapted to be
coupled to the source of AC voltage and coupled to the m croprocessor for
gener at i ngoao®@ovesht age to power the m croprocessor, thecpasesochHesspt y

i ncluding an energy storage el ement and a second control |l ably conductive
device for controllably storing energy in the energy storage el enent;
wherein the m croprocessor is operati-ygly coupled to the second

controll ably conductive device to control the second controll ably
condugihMe fAeYiER: 2. The load control device of claim1, wherein the power
supply further conprises a | ow i npedance circuit in series electrica
connection with the second controllably conductive device and a high

i npedance circuit in parallel electrical connection with the series
conbi@aAIMB of the | ow inpedance circuit and the second controllably
conductive device; wherein when the second controllably conductive device
i's non-conductive, the energy storage elenent is operable to receive energy
through the high i npgéassaredbidetninol dedcoviieRohthsl oFTPpofRE dElarkddiol aaldiettrical
conductive device is conductive, the energy storage elenent is operable to
r eceiloed Bp@ragppuraerad iifhveltage| emprisgedance circuit. 3. The | oad contro

devi ce of claim g WAGLALLy LSTLSL ARGOCERRR TRDLhOLAVL) SoRAE, SHRRINY, N
order to determne wnether’the energy Storage element 1S°recelving energy
t hr ougiAQ heltdgevund npe@dateeioal load fdr.cbnirdlimglthapowardeliotred &y thedoad;, cl ai m 3,
wherein the power supply further conprises a_ hardware shut-off circujt for
causi ng the secoRHTIEPESsHrICampigd st comireidahl v eondychee eeiiceion corriling i ve
when s&sd redeterm ned threshold. 5. The | oad control
devié%ngggvgﬁ%%ggﬁﬁﬁgreln%fﬁggﬁﬁgroprocessor controls the second
control |l ably canghvotrisugpldedipia tbbelvoupled te thedoutce wE A4l valtqge edé cewpteditedhe i me
after _a zero-crassi ng of t%Aﬁ vol ta%?{. g The | oad cgﬂt rol device of
cl ai HETORIPREFN AOLFTBUIAIES & HoteEsh foR Pl 9P SIETRBFOSESER TR PRSI y
condygtlhdigg %‘}éhﬁgy ERrfR cRIFend Akt £ SREHE bb¥igol R8Iy R dhOE ddeviR! hAGStRNERIIS
the predeterm ned threshol d.

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.

2. The load control device of claim 1, 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.

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

the low impedance circuit.



7. The | oad control device of claim3, wherein the m croprocessor is
operable to control the first controllably conductive device in order to
control twe 2poveesesdel i vered to the electrical |oad in respass@otesc2

nmoni toring the power supply. 8. The | oad control device of claim3, further
conprising: a |lowvoltage | oad powered by the DC vol tage of the power
supply and operable to draw a currento,4romthe energy storage el enent of

t he power supply; wherein the mcroprocessor is operable to control the
first controllably conductive device in order to control the power

ow vol t age. | odd. -9 1iE SRIOLUHISE AR besrorehamars: Smabtheher
COMPE} St ek 8Vt ShAASE o ABCH IR AL Yock U P B A8 vk By DOUET
n e to dr t e

supply oper ab aw a curren romthe energy storage enent of
t he pewate sapEinductieewbemtht iEC nolcipe praeds s prederined divkshotdd control the
anount of current drawn by the Iowvoltage load in response to nonitoring
t he power supply.10. The | oad control device of claim2, wherein the

m croprocessor 5cont MikeSodd@nadLdsiiteadRidinl 4, afhleieic B3 Mhictopkiestoy téiftrdlPtheecone
conductive at a predetermned tine after a zero-crossing of the AC voltage.
11. ¥erend sartrelinbty eandyetivecdevise te begomexongdpetivsiaha prrdeisrminepfiseadicbr control s

t he C ﬁgrg I ynducti ve device to becone non-conductive at a
predggggﬁgﬁe g?%%h§$Y%?§g zero-crossing of the AC voltage. 12. The | oad

control device of claim?2, wherein the power supply further conprises a

har duare shut - of 1 chigills LRl FRYRENA oS SS685 BRNLSbLARI SOBOHChE Ve

. C
devi ce to becore non-c¢onducti ve en t

t hr esdvehd codidollabliecdnaacti@aithicelo BesheaddtcdbldadtieDefdrs! tHelTHC vERAPRIcxS44AY thed
| ow vol t age | oad powered by the DC voltage of the power supply and operable
to dpPedetgrined dresholdm t he energy storage el ement of the power supply;
wherein the mcroprocessor is operable to control the anount of current
drawn by the

7. The load control device of claim 3, 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.

8. The load control device of claim 3, 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.

9. The load control device of claim 3, 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.



| ow-voltage load to substantially zero anps for a predeterm ned nunber of
hal f-cycles of the AC voltage after a startup of the m croprocessor. 14.
The | oad wonbemosedevi ce of claim 2, wherein the power sepphis2d06ntiser
conprises a third controllably conductive device in series electrica
connection with the high inpedance ci §git, the m croprocessor operable to
control the third controllably conductive device. 15. Atwo-wire | oad
control device for control of a load froma source of AC voltage,
conprising: a first_controllably conductivye device adapted to be coupled in
series electri d8 cgﬁﬁ&ﬁdi‘@ﬁtf eyice ot ehabn Lowhersimdthe micrepiacessongontyal t age;
a power . LS | l.eql Qupl ed.in series

o1 Corepnd PRRN-BRTRELAUNS, By R SRt Rl e A R ARRHPRE it al®d o1

oper abibarswingrai\thelaCavoagaol t age to the energy storage el enent, the energy
storage el enment operable to receive energy when the first controllably
conductive device is non-conductive; anda controller powered by the DC

vol tage of the |poweThs tgal pnasidievRe Pl eMirh 0, Whérefnl the ni&8pioc@dsb@&ntiols the
conductive device and the controllable i npedance for control of the first

cont PsPrdsesirlghlyroniyeivedprice tabrgomsaopsardustive Bl epicApierrainedime after a
respeghiy, Smg.OW¥bmoﬁ%ge_cont roller is operable to control the
a

controll e -l npedance a first inpedance value to cause the energy
storage elenent to receive energy at a first rate and to control the

control | abl e i ppedange,tq a second i nppedance, val to cause t ener gy
storage el erren{lTEfto &g‘%é‘ia@eﬂ’_ ‘Isﬁ(glr Vax tat ag‘égowh“%&%g? W\)ﬁ%rrsélpﬂlytfﬂ'gthcond

| Mpesifigsey alhdRivare Shiwifpdtduat thycansmb e sebhRltdniiBlifbly sbnduRRELAS& 2l ue.

16. The |l oad control device of claim15, wherein the controllable inpedance

conpPkeE npnr¢anductivesyhandhe DE widlapeexcstdsc predeterminethibeasheld- wi t h a second
control l ably conductive device, wherein the controller is operable to
control the second controllably conductive device. 17 The | oad control
devi ce of cl ai h3.16, Thhbrdicantrélaleyionof olainaB) @rthepmizmseagconpri ses a second

resistor in parallel, electrical nnectjion W th the series conbination of
t he second con??%%v%zl"%fel%ci}%‘ﬁq“ggy g’@% 85 &olagy ({}ﬁlée QWL supRly g BPE?rgble 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 amps for a predetermined number of half-cycles of the AC

voltage after a startup of the microprocessor.

14.  The load control device of claim 2, 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.

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

a first controllébly 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



18. Atwo-wire | oad control device for control of a |load froma source of
AC vol tage, conprising: a controllably conductive device adapted to be
coupl ed iwoeswesssel ectrical connection between the | oagcans2dde@2s62r ce of
AC vol tage; a power supply conprising an energy storage elenent, a first
energy-receiving circuit for the energf-storage el enent, and a second
energy-receiving circuit for the energy storage elenent, the first
energy-receiving circuit allowing the energy storage el enent to receive

energy at a fi asbonf8li@ polVafedtSCRE HERSILEY of B HoWePSupply &l doudleh WiRGLhe
energy storage elenent to recéive energy at a second rate greater than the

f i r scontzaliablyt ¢redpetiverdesispphng theprenttblleble unpadenes feneongspl bfitheHastenatraljabst or age
el ement v\/ﬁendt he %a}hrol lt&tﬂaé condgcti ve deviqie i s non-conductive, the

powe FORINSHYS A6 goan 51 IPRGRENCE TGS or of | er powered by the DC

vol tage of the vaRY&H iBURRtWIetiDSpGHNE iOLdRIo! BRUOARD Bl OingRahi&lto b st
control l ably conductive device and coupled to the power supply to

sel eénpedange efupioecagprithgienengy stordas cleeanidp waeive ynargy af afirsyrats amslibcodigel A
ivered t

t wo- .erc%n}rgﬁ%lg ?r?xéer(ﬁlncedt%vej s%gor{cf) #np% nr%/c%ﬁfltagxgeg? 8%&"5%{31}6?621%?%: st%{agei %g{?lgnt to

el ectrica oad om a source o

cont reekbklenepgrductdond ratleViviaeiadBpiezdnd tnfelafieeralel iy Shbst-BEHIY §Halled tHaA8he
source of AC voltage and to the electrical |load for controlling the power
del i Yt dapedpnehEaligad; a ni croprocessor coupled to the first controUably
conductive device for controlling the first controUably conductive device;
and a power supply adapted to be coupled to the source of AC voltage and
coupl ed to thelfi cr dpedesslswatrok daviegenistaami ldg whee® the bontlable ippedance he

m Cr QPrQGess t he power. s |y _.conpri.sing, an _ener t.qrage, el.enent; a
SecondBUNS PatsHey b s VRS, Dlleh Sl dregontinraBatly CPpctive vice
M Cr QRERUE TR WonROTErAPEHRABIE td SoreRDiHeGbBIN ok BILaRIIAN Vel iR, ener gy
storage elenment in response to the m croprocessor;

17.  The load control device of claim 16, 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.

18. A two-wire load control device for control of a load from a source of AC
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 enefgy 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.



a low inpedance circuit in series electrical connection with the second
controUably conductive device; and a high inpedance circuit in parallel

el ectri cavocoommsdsion with the series conbi nati on of thecCraseospesdance
circuit and the second controUably conductive device; wherein when the
second control | ably conductive devi ce-2%-non-conductive, the energy storage
el enment is operable to receive energy through the high inpedance circuit,
and when the second controllably conductive device is conductive, the

energy storage gj eneg wb%i?@ﬁﬁ@@ﬁxﬁr&lﬂe{}ﬁg%r"c%nﬁ@%f%)[())ﬁepﬂélmgeétB%nleMtrical

i npedance circuit; and wherein the m croprocessor nitors the power supply
i n orldet from adeuererafneC whikddeecomprisiener gy st orage el enent is receiving

en th h t | i d Ci it. 20.. A ) ly f t wo- Wi
oad sont rof CaebiebeamtiolBBRcRBsatg divies aiitiictin B Wi EdSGptnie e 38 he
| oad gont oa@g%uq& AL G A 1 HRTLE Ddt®ling Pb%dd&@esea% aayace

conpri si ng: energy storage el enent operablie to produce a DC'voltage for
power i ng the conmiwbprecessar doupkt! te Herfyyt somtrollatlngonductivg devier foakdmwmilingg t he

ener t orage ment, to receive energy at a first rate; anda second

energ%ﬁ@:‘é‘?‘aﬁﬂgk&‘i%‘d]‘?“‘?ecﬁ%v&ﬁ%ﬂﬂi ng the energy storage el ement to receive
energy at a secopdydahs 1?raﬁ§1§t€c[ td Badbupa th ithieSdouf Rl AOSIERe And Beugleniorhe | er
is powered by the DC vo}I) aggq:and is operable to control the power supply to

sel eaticyoprgcessvatibegemaritids 9dbT aoktags te @ovnrithemeictppracsssorthapowersspply. 2 1.
The power. supply of claim15, wherein the second energy-receiving circuit
conprPELSWEL j r st control | ably conductive device having a control input,

t he energy storage ec{lpém[:%y abarablemche receive energy at the second rate
when the first controllabl'y conductive device is conductive; wherein the

control l er is operabi#cond earipdleblyrondesitve devigp bperadrrinequpled @dls ce

cond %i%}o\f)?oc%gs%r gt b;c)grgg e% 'c:gr%'rollably store energy in the energy storage 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 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.

20. 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



22. The power supply of claim 21, further conprising: a hardware shut-off
circuit operable to render the first controllably conductive device

non- conduwbive/ookean t he DC vol t age exceeds a predet er m iped/ushéssbssbel. 23.
The power supply of claim 22, further conprising: a second controllably
conductive device switch having a cormt40o i nput and coupl ed between the DC
vol tage and the control input of the first controll ably conductive devi ce;
wherein the first controllably conductive device is rendered conductive

when the second seooid alet@bicgeiomgdirctit f@ atlewingethe snegn dweidevtemad to Hagivpower
suppI% of claim 23, wherein tne har dware shut-off circuit conprises: a

t hi r SNEIEH R BSECOBf yate SHatRE thapdhe Bist e havi ng a control input and coupl ed

bet ween the DC Tl ls o0 f y
conduct i ve. devi haria . Aol pRHERLy (RPBE ik SERARARO RO

i nputpowsfer supply hi setbctioely eodblabhd/disabie thetsesmddaeiggaccaAndg @irgeiner di ode havi ng
a cathode coupled to the junction of the resistor and the control input of
the third controll ably conductive device; the series conbination of the

resistor and t . zerEte mhivedeuppdy oclhiad 1 5, wipadiakhedecelddict 1t Alcei@ptRehiton
with the energy storﬁge el enent ; wherejn the third controllably conductive
devi CMPESS t eantrodably copdustivg daviehkavieg ¢ seperol énnys dhe erergesferagg elsgent
exceggs, - t t i - o pply of
ol ai o 30Ietp BRI Kl ot e Stultorc MR Bt b BHftab T ondi Bt Eloc

cont cohdwhivy; conducti ve devi ce non-conductive before the DC vol tage exceeds

the predeterm ned threshold,, 26. The power, supply claim 22, wherein the
controller is é’gl?ﬁ?‘%g‘et‘if’“frﬁgerkféf)a%élf’lé t%Fﬁ?figrotg? C%‘PtF(ﬁ{?HY Rdustivedisgicabl e t o
det eghdiRtivE ahdBodas MR shut -of f circuit is rendering the first
control |l ably conductive device non-conductive. 27. The power supply of

claim 21, wherein the second energy-receiving circuit conprises a first

resistor in senhes ' Al j i prst controllably
resistor in seryes ehReoblet MpphPbrasihi o) il cbifriling:
a hardware shut-off circuit operable to render the first controllably conductive device

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

23.  The power supply of claim 22, 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 controllably conductive device is conductive.

24.  The power supply of claim 23, wherein the hardware shut-off circuit
comprises:

a third controllably conductive device having a control input and coupled between the
DC voltage 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

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;



28. The power supply of claim 27, wherein the first energy-receiving
circuit conprises a second resistor in parallel electrical connection with
t he seri ewocowmmosasti on of the first controll ably conduckcrasdesiocsennd t he
first resistor. 29. The power supply of claim 28, wherein the first
energy-receiving circuit further conprises a second controllably conductive
device in series electrical connectio‘nﬂMth the second resistor; the
controll er operable to render the second controllably conductive device
conductive and non-conductive. 30. The power supply of claim21, wherein
the first cont rwhdrebltlye thindchootrdNablyl eariduetivodgyidesie serlefabioa dmsiive tudienshid t ch.
31. Th ower s |y Qf .claim3Q, wherein the sem conductor swtch

compr© %{:rcbquSEEF g‘?“ef g‘l‘i’é? eretls g}qgrga?%qv_er 391?385\@%%3? $pdgenerating a DC
voltage in a two-wire |load control device for controlling the power
delivered froman AC power source to an electrical |oad, the

met hodconpri si g- t hel gtRgyeer sepply ehelabie Lagvhereintie ¢antrodigeisapendle tancrdse thyy

stor . i di . . ler o he | oad
cont i GnfBRy cBRICE i ontibadiee o BEVIRK Sicelh bhe cner gy
st or guelcadrmimdithebigoldes. 33. The nmethod of claim 32, wherein the step of

controlling the tine constant conprises selectively charging the energy
storage elenment with a first time constant and with a second tine constant

greater than tins. fi rite goates sigsply 66plaSs 22 [ Whdrbia thOSIHRIIbETs-codfled Wdenet hod
of claim 33, wherein_the step of controllin%qthe time constant further

c onprivaidveare pityithejrquieand ixppirakle & defermine Hehe harlwarershat-of ciruit is nepdesingst ant
af ter, rm i I .1 he zero-crossing of the AC voltage
of tﬁ%@%%?gﬁnmg)#laégﬁﬁég?ﬁvﬁggg%égﬁ%%éé(g%te{%%rrri ned time closer to the
zero-crossing than the first predetermned tine. 35. The nethod of claim

34, wherein th 7ste of controlll ip the.rate further orgpri ses.v?rov.i ding a
har dwar e shut - 6f'f cf)‘Fh&ﬁotw‘"ES%Rﬂ 24 ?lgmg ﬁb’ @heé?la SIEP A LBV T usi ng
the eBgipaiYesH PisAQSIsBIr iBiHes bRchicAPcsRBE NPtV TirkM@ni8 R chhdiRLicONSH&NT -

28. The power supply of claim 27, 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.

29. The power supply of claim 28, 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.

30.  The power supply of claim 21, wherein the first controllably conductive

device comprises a semiconductor switch.

31.  The power supply of claim 30, wherein the semiconductor switch comprises a

bipolar junction transistor.

32. A method for generating a DC voltage in a two-wire load control device for

controlling the power delivered from an AC power source to an electrical load, the method



36. The nethod of claim 35, further conprising the step of: nonitoring the
hardware shut-off circuit to determ ne whether the energy storage el enent
has st oppwd 206v@0gésng Wi th the second tinme constant. 37. pEhasomihostenf cl aim
36, wherein the step of controlling the tinme constant further conprises
causing the energy storage elenent to stop charging with the second tine
constant before the hardware shut-off,gircuit causes the energy storage

el enent to stop charging with the second tine constant. 38. The method of
claim 36, further conprising the step of: controlling the power delivered
to the electrical IPad in response to the step of nonitoring the hardware
shut SYPPrigg besterser The method of claim 36, further comprising the steps

of : provi di ng ged.Piine4RL B@%lﬂa@@&hr@é%vﬁr&?rﬁkt&gge Hemypl t age and operable to

draw a current"trom the energy storage el efrent; and controlling the power
delivered to tpevaliegtheiR@boltagado hgontedpons thetload trtwlidednt; addawn by t he

| ow-vol tage | oad. 40. The net hod of..cl ai 6, further c ri si ng the steps
of : provi gi ng SPNUHRIRE &5@‘108%[%%}”&‘}%66 ?W&W%FF%S‘%“& g’?ferabl e 'Ito 0

draw a current fromthe energy storage elenent; and controlling the anount

of current drawn by, the | owvo]tage |pad. in respaonse tg step. of nonitoring
Che " har dwar e ot - oFhe BieHRgof Pla&n%i thereindiin e oF carglRpsthe trms eaqistant
COMPEdrihids bdictRbBPcHalging Bl @hBgYisRPadelcldhign: itV £l At NBRsENCHARH &
pr edet e ijrﬁgﬁlefg vol ?gcge;guvl\ﬁer elhn g?ﬁe a';‘eeep ofl cont rolfl ?ng tﬁse time constant
f ur t feeond tmp coswat goaatayithay the éire nee gyrespasagethelceneolierwi t h t he second tine
constant when the DC voltage is bel ow the predeterm ned voltage. 42. The
met hod of claim4l, wherein the step of controlling the tinme constant
further conpri3es ciihs gietlgdiofieladn 8B gyhatirtagsteplof p@iitollihg thetthee s@stmnd ti me
constant before a first . .
urther 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.

35.  The method of claim 34, 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.

36.  The method of claim 35, 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.

37.  The method of claim 36, 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.

38.  The method of claim 36, further comprising the step of:
controlling the power delivered to the electrical load in response to the step of

monitoring the hardware shut-off circuit.



predetermned tine after a zero-crossing of an AC voltage of the AC power
source. 43. The nethod of claim 33, wherein the step of controlling the

ti me conswenbowsdsher conprises charging the energy storagasedosnesss2 at t he
first time constant before a startup of the controller. 44. The nethod of
claim43, further conprising the step of: determining if the DC vol tage has
exceeded a predeterm ned voltage; whergein the step of controlling the tine
constant conprises selectively chargi’n?g?‘the energy storage elenment with a
third tinme constant when the DC voltage is above the predeterm nedvolt age,
the third Iime constant equal to substantially |arge such that the energy
storage el ement39. s prlevesthed of cloim 36 dughergompBising e m@tskodd of cl ai m 34,

further conprising.,the ste of ;. providi w-vol tage | oad powered by
the DC vol t age B4f) dwﬁ@rlam-gata@e olveted he b%r AEHALPRST e@%%ﬁy@e
el en%}rénmnq@él{ep%}ut&ggggpcnféﬁp,téﬁg of current drawn by the | owvoltage
| oad to substantialTy zero anps for a predeterm ned nunber of half-cycles
of the AC vol t agetralfing thapeweardeliperod ta the eleotnicaldbadin regp®nseitonthe bmderdt drawn
generatt' ng a q%: vglt ge in a tw-wre |oad control device, the nethod

ehn T reng

conpr Y ‘of : generating the DC voltage across an energy storage
el enment; providing the DC voltage to a controller of the |oad control

devi ce; selectiyvely allown e. enper storage el enent to receive energy
at a first ratéland ‘3&8&8&&%“&5& fg‘_?tlé%&cemp 188 theitemsiofst rate in
response to theg6ARGA 1bRLvolBRE IGRRWE l{}‘rgté%‘?g‘voﬁlﬂla%] é}ﬁt ?@%‘r&lﬁ@% &¥Geeds a

predeterm ned vol tage; wherein the step o rate further
conpraugrest fadth dhe engraytorrgeelgmest, andge el enent to receive energy at the

second rate mec%n&gl‘l:in%ev z(i)rlngl?rg%f Ic&m?n% ld?avx\;(/r;[ tbyethg Eoe“c/i-?/gﬁ'c{grg lga%fj invrgé[}o?lgee fo step of

monitoring the hardware shut-off circuit.

41.  The method of claim 33, 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.

42.  The method of claim 41, wherein the step of controlling the time constant
further comprises charging the energy storage element with the second time constant before a first

predetermined time after a zero-crossing of an AC voltage of the AC power source.

43.  The method of claim 33, 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.

44.  The method of claim 43, 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
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voltage, the third time constant equal to substantially large such that the energy storage element is

prevented from charging.

45.  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 to substantially zero

amps for a predetermined number of half-cycles of the AC voltage after a startup of the controller.

46. 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 elemerit;

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.



