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DIMM NG Cl RCU T FOR CONTRCLLI NG ELECTRI CAL POAER 1.
Technical Field This application relates to

w@owsng3bo ng el ectrical power to a | oad. More PCT/US2008/053255

particularly, this invention relates to a di mm ng

ped8Hirhngh CIREINE' e B TR OL BN EBLRO G P ik,

el ectrical power to a |load such as a light are well
known. The nost basic is a switch that allows an
L.ndi vIghaicakkieldurn a |i ght (or anot her devi ce) on or

of f ude unctlo

o1 1 onEP R HAGR Rttt SR e RishE A Ty Do More
pa@duldrsy, RhRVind@dionOrctatéd @b diRndk |cﬁ’¢@1t Fod @§1htfcﬂﬁng electrical
amount of illum nation. For exanple, sone swtches

neaxes taa fgdual adj uster that allows an individual to
select the brightness of a light. Various di mer

switch configurations have been proposed. Sone are

2sef ubedeaipti@pnt thoRkelangl Ate power that is avail able

t hrough .a conventignal wall_ socket. One exanpl e use of
such lAFvieRsr fo5 wPRiEHEE jelecirigal ponysTa® # ilopd SuCBritsraofight are well

WHoWh. NTRe W_b‘%lﬁ ROULWAFAVinG g deFhGidied ol @ aahght (or

source and swtch on a separate circuit. Instea
dmoited devivg)lon @it Samsssvputqhes delwledi dmmbhg fiatibn gac kiégws an

into i ch l.a may b u as a i di.n
e AR I O e e M (R g L
de@ﬁl&i %Mt%if N SERAT R @xhrh ?Ilét domek sciﬂnf&lb!é Bas%rhdm%al le]ustor
Whi | e various arrangenents of such devices are know,

1hwdébW§wanbwduﬁ¢OH@eqﬁhebm@ﬁmﬁﬂaﬁshshw|V|ng to nake

PG N TR St AR T

o0 Pt lifgy thefpoee ithatl &y avedishle MaaMgls W CBn elevibeg Svdlngdckete One
a reverse Fhase control circuit that includes two

sk dinmer sonigRhes ay tangeidntishicemtiob Withig a room
\Wﬁé%\ﬁ&ﬁ Qi%&%ﬁte&ﬂgﬁt%o%yc%@d's§v1tghf P' Cslélo&rate cﬁrcﬁﬁs Instead,
een e an I 1 ng

ropos I ncl Clrcul contro
a builder will sometimes provide a dimmable wall socket into which a lamp may be

plugged as a way of providing dimmable light within a room. This is less expensive
than providing a separate lighting circuit and switch.

While various arrangements of such devices are know, those skilled in the art
are always striving to make improvements. One area in which improvement is
desired is that there is a desire to reduce the expense and complexity of such
devices. Many such devices include a reverse phase control circuit that includes two
MOSFET switches in a known arrangement. Controlling MOSFETSs throughout an
AC cycle is difficult. It has been proposed to include an RC circuit for controlling
the voltage applied to the gate and source of the MOSFET switches. The inclusion
of a full wave rectifier reduces the efficiency of the overall circuitry. It would be

desirable to have a more economical alternative.
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the voltage applied to the gate and source of the
MOSFET switches. The inclusion of a full wave

w0 28Bi1123¢r reduces the efficiency of the over aPCT/US2008/053255

circuitry. It would be desirable to have a nore

econom cal alternative. exenpl ary di mm ng
circuit includes an |soﬁ§%§@§68§80ltage source that is
sel echh ¥Rdipl&QUR ln%ﬁn;% Birb€inoRHSEs ﬁﬁgolﬁfeurm@ vOlfta fed that is
swi t ches that contr power supply to a load. 1n one

@@h‘mlﬁ coupled it thelgatenandl wuracsmfrMOSFE Tssxiitches thatgontrol power

sel1 !g%% coupl es the isolated DC vol tage source to

Y'RRY 3 d source of the MOSFET sw tches, which

cont r@l ghetdk@maDUHon@b1 REWEE cEHBFIL iaatkilch thah%ele@@ﬁ’ely couples

t hrough the FET switches. The various features and

th@wmt@@&@ opltage sourasventic astannd soeed At thepMKISHT syitches,
I 1 I t

Jé}gigtz fmﬁ{%l tﬁg.ﬁhﬂ) hi“S \M%B%velf hteg?g Ot% 16’&’& P’ﬁ @ggle ﬁ@) FET

ﬁﬁ&@ésptlon can be brlefly descrlbed as follows BRI EF
DESCRI PTI ON Ok THE DRAW NGS Figure 1 is. a bl ock
di agr Hif Griogh fepfes pnd éqi\@etarg%af thpotpentisnt Hobeceysragnprent

it gkgleli?n heSENE ttﬁ&foﬂ%wﬁlo%j&&ﬂﬁ"d cfekér oh 488 leRAfgs that

accor to one e odi ment 'S 1 nv n I on.
memnhaﬁﬁmﬁasmtmn@an de brisflpvsscaibkd ghfollngscont r ol
circuit 20 for a building. A plurality of di mer
switches 22A, 22B comuni cate through a wreless

connecti on PRIEFMPESCRIPTION OFergi \isiRA WiNG S e
receiver 24 is one exanple conprises a commercially

avai | e lce mf@mmagr@i@f ex amralé clestrigelpdvedsicentiel gpstem.

i r o dBwered o, el e MBoe L PR e B ifordineto one

dnhB9dih &g oPrhit iventigiventi on, but only nentioned as one
possi bl e type of system The wi rel ess connection
between the switches 22 and the receiver 24 allows for

the swtches to beypyAILED DESCRIPTION

Figure 1 shows a lighting control circuit 20 for a building. A plurality of
dimmer switches 22A, 22B communicate through a wireless connection to a multi-
channel receiver 24. The receiver 24 is one example comprises a commercially
available component. One example is available from Enocean under its Product No.
RCM130C. The use of a wireless receiver and wireless switches are not limiting on
this invention, but only mentioned as one possible type of system. The wireless
connection between the switches 22 and the receiver 24 allows for the switches to be
located remotely from the receiver 24. For example, the receive 24 may be
supported at or near an electrical outlet in a selected room and the switches may be
positioned at any convenient other location within or near the room.

The receiver 24 communicates with a microcontroller 26, which in turn
communicates with dimmer circuit 28. The dimmer circuit 28 controls the intensity
of several lights 30A, 30B. The illustrated dimmer circuit 28 includes timing

circuitry 40, a dimmer portion 42 and a power train portion 44. The illustrated
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| ocated renmotely fromthe receiver 24. For exanpl e,
the receive 24 may be supported at or near an

wekmstriazeml outlet in a selected room and t he RBUT/USI08%053255

may be positioned at any conveni ent other | ocation

W|thnor the ro The recei ver 24 cqmmuni cates

SRR eaa‘lﬁ‘? dlilfzk&iﬁ%t%weé 49 ProtgeQinPYTHoR ljllnﬁ acg‘r?ﬁﬂgli Rapgegment
iefih di mrer circuit 28. The dimmer circuit 28 controls

the intensity of several lights 30A, 30B. The o

i |1 us@raexeanndé embedigicntel the A8nnactipmies28: is pilusgrated in Figure 2.

ircuitr di r or.tion4 and, a train .
s Bitefofyofien & ProVTES o Riibk panif i Sl ThgckRig portion
A eThOAfhinY 3@l kigRalpialdnieQRaMPR} @rifRENR pulte RAgeMBBdulation
portion. e exanpl e enmbodi nent of the dimrer circuit

@gtrpk signilysThatiedng gomrejuiignap comtrals pihepode wimaling porign 42

aﬁ'ﬁg thg?r? AL P YOI t 8LWE Rity. 181?%4t ﬂon} %ol the
PRLORR, SO ST T PRMghAr™ RIRL A, e

trmng one
ammmt bﬁ power upbEeal wi zdtdadrmd ul'tet mfmodbﬁftbﬂﬁl 26Sd1@ﬁﬁhnes'ﬂh)®v to
timng control signal controls when the di nm

bt Gring carelviend hapgd NCRIFEvhas oF IR G USRS SS1etishie-g.. what
cﬂﬁl‘Pﬁfu% GER N ngfl}é Zn 400 e;&%lé OﬂhettﬂﬁrWH&tier%6 RREEnown

supp to a . The mcrocontro
tletneques rfes phowding thetputsh ewtdthrinmglutoion rioputstog adlicwzas ektsired

E‘i? V\/gat settin 8 user selects (e.g., what dimm ng
OB O EAIQUIE Y dIMMNNG o "oy anpl e, the microcontrol I er

26 us@Sh&IRMRatbE emﬁ@ Qfic EQ\EzerptEeﬁH pdiie 44NBclnddsSBe MOSIFETS
nmodul ation i nput to achieve a desired correspondi ng

%ﬁwb@mnsa)fhem arrme:ﬁ@mentnfOt [vertiin| pestar deeds éxarpipeto attpat 600W).

trai ncI udes t he becaus
R et RO i pF R sl M & 0B B FIREST e
Mo)sa?ﬂqgt%GOOV\) Anot her exarrpl e is useful wth higher
povvers and includes an I GBT in place of the MOSFETs

46. e eseamyt wafl §8ds sdightsbudb.| Cgmrolbag Bhe I intensity g a bulb
%%ﬁe ek?@é]te %:%gsthé Mlu(g{rat@d QHJatkPgrén'?e Ne, %9@%@lgsﬁwe {)ad 50 1is

arrangemnen I S exanp

[B0gded i wggzﬂdsdchétdlaamgabﬂrmﬁais kéicnfagvilhorepesentetbatS?2 and 54
SChem}ﬁ I CaOSlélET ¥ 6r ?1? eo?lte eegiar%}plesézpe?egg a%é‘rordlng to a known reverse
phase control strategy when the gate and source of each is coupled with a sufficient
voltage to set the MOSFETSs 46 into an operative state (e.g., turn them on) so that
they allow power from a source 56 (e.g., line AC) to be supplied to the load 50. In
the reverse phase control example, the MOSFETs 46 are turned on at 0 volts and
turned off at a high voltage. In another example a forward phase control strategy is
used where the MOSFETSs 46 turn on at a high voltage and off at 0 volts. Another
example includes turning the MOSFETSs 46 on at a non-zero voltage and turning
them off at another non-zero voltage.

The dimming portion 42 controls when the power train portion 44 is on and,
therefore, controls the amount of power provided to the load 50. Controlling the

amount of power provided to a light bulb controls the intensity of light emitted by
the bulb, for example.
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The MOSFETs 46 in one exanpl e operate according to a
known reverse phase control strategy when the gate and
waeosee3ef each is coupled with a sufficient vRCT/HS08/653255
set the MOSFETs 46 into an operative state (e.g., turn

t hem on sot t the ower from a. sour.ce.

e R i Srate. i b D SO oS B Ky Sy pupled
dif¥ay %@ &S atP Wk & oie‘t)ﬁ@ MAOSFET ﬂ6 Y6k Ty hEmAb&onduct for
turned on at 0 volts and turned off at a high voltage.

dethvamg pevererdhplaada TFheriselatdd @%seltatg@rﬁpmb 6§t Iraa tap grgsdceated

BEET e EPRLE 6§ AT st i he St iehRl ffiom the

Mwoow%&@%ﬂa@d@ﬁteed arPoptedine Qe (€0t HaBR oaneb dddipld the isolated
them of f at anot her non-zero volta The di mm ng

IBervoltage sopreediftte dhasMAKEETsHE. Joka i %pﬁtmt@d pennle rﬁhmwntqh 64

P DO GBS IS TR 0RO Bf i or

tmm&irmplr ensteent for selbdtigbly dﬂ)lubbngiﬁlﬁtwcﬂdltSd Dideviltages&irty 60 to
ht emtted by the bulb, for exanple.In this
t@?( Ts#6-i sol at ed DC vol t age source 60 is

sel ect.i vel I t g f
e TR AR e R et g s 1

aethicv eramgie polwrertwltpe id md Thivevaltagd af éc @ﬂamdllbégeltage
source 6 as .an ass | at d fl oat

SR B 2-RREAdRAE SR rur 79 Lo MPSPELS 4R e pration
Ife%@m the m crocontrol I er 26 and enters an operative
state (e.g., turns on) to couple the isolated DC

vol t a@@ svample i60udes wdveg mstﬁa’tsdm D(h copeerter to achieve the

a1 us ed, ex S

3 BRI s, BO° R, SR s el opandgyae
tBaMsfogtheOr TRoder SkilSIdOINRE aBONRO A&V tht Mensfl ETthisv@syription will
coupling the isolated DC voltage source 60 to the
veSeETRt gemperengnwilbwarphest for ieclpdipg ap églated D6 odigee source

%ncﬁarﬁﬁlﬁre%oqﬁﬁe&z volts. In another exanple, a

ovver voltage 1 s used. The voltage of the isolated DC

vol t dfje Shuteed6@xhspkeliedtidd tvoltie ohfroltingntorthporeutsn for
c%?ltrtopmg NEBSO Iafc’gedgcgatt r%act:hgg tl?eagtga% %Bcli ggurgee %If ?h% MOSFETSs 46. The
illustrated example includes resistors 66 and 68 and a zener diode 70. The resistor
66 sets the turn on speed or the time it takes to turn on the MOSFETs 46. The
resistors 66 and 68 set the turn off speed or the time it takes to turn off the
MOSFETs 46. In one example, the resistor 68 has a much higher resistance
compared to that of the resistor 66 such that the resistor 68 effectively sets the turn
off time for the MOSFETs 46. Selecting an off speed and on speed allows for
avoiding oscillation of the MOSFETs 46 and avoiding generating heat if the
MOSFETs 46 were to stay in a linear operation region too long.

The zener diode 70 provides over voltage protection to shield the MOSFETs

from voltage spikes and noise, for example. The zener diode 70 is configured to

maintain the voltage provided to the MOSFET gate and source inputs at or below



One exanpl e includes using an isolated DC-DC converter

to achieve the isolated DC voltage source 60. Another
We@xwapiaset ncl udes a second-stage transforner. ACHES2008/053255

skilled in the art who have the benefit of this

crlptlon eal i ze what onents

tg% &rret’?té? ‘ﬁ%o“éth“? Kgrat é‘d‘ fhabe %ﬁ?‘%’%‘Pr Crflocs not

hOgHE 2 Pt dbar enbodi ment. The il lustrated exanple

i ncl udes voltage controlling conponents for

cont r@hd adygntage te thet @Jg@losddaﬁxam&:tsethattthe M@SEE&ndan be fully

SRl S fu BRE A Gl iyt deliPbR e Rafiaa by disglosed
dx@fipkd 1812 R6reSPtiSichthErchil fafraffensde e8mPhrct i@ othleethhtt relied upon

takes to turn on the MOSFETs 46. The resistors 66 and
@ cheyitry gad g uedtifier forspelselling theldOSERESi t takes to turn

of f t resisto
nas. ol TR R SR PR e IR LR et Those
skélkidsih alic &6 nmyqbaltjeaderthmemodaﬁbatams t® Sheedib@oded \eahiyipkethst do
the turn off tine for the MOSFETs 46. Selecting an off
g dsacsaHy gispats e 4he swsngcort HuoidNeayoBs clihe) &ﬂpwgoflalms
10 igRRRIs AGRRdIRUAL ALOCAEARE B8 JRaRL i bnddie

Ts 46 were to stay In a [inear operation region
too long. The zener diode 70 provi des over voltage
protection to shield the MOSFETs from vol t age spi kes
and noi se, for exanple. The zener diode 70 is
configured to maintain the voltage provided to the
MOSFET gate and source inputs at or bel owthe diode's
reverse breakdown voltage in a known manner. One
exanpl e does not include a zener di ode. One advant age
to the disclosed exanple is that the MOSFETs can be
fully controlled during an entire AC cycle w thout
requiring a rectifier. The disclosed exanple is a nore
efficient circuit arrangenent conpared to others that
relied upon RC circuitry and a rectifier for
controlling the MOSFETs. The preceding description is
exenplary rather than limting in nature. Those
skilled in the art may realize certain nodifications
to the disclosed exanple that do
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not necessarily depart fromthe essence of this

i nvention. The follow ng clainms should be studied to
wa@lzenm3ne the true scope and content of this PCT/US2008/053255

i nvention. CLAIM5S 1. A dimer circuit conprising: at

| east one switch configurgﬂ &gﬁye pl aced between a

power source and a | oad, & i sol ated DC voltage

source that is selectively coupled to the at | east one

switch for setting the switch to provide power from

khe sbhdieer grauifecopaiding2. The di mrer circuit as set

forth_ in Ia|n1 whe Qne sw

corprit 485t pio e E3E G fonBe PlasrEPRYBER G gdurce and

18868 1S selectlvely coupled with the gate and source

of the MOSFETs. 3. The dinmer circuit as set forth in

cl ai mnlisolasAdP§ sioHeagasasisesothat wwicleetvabe cowded thie at least one
t

SIRD IR AELLASTOTHLRC RAD A0S o U RTh R Bag

state in which the isolated DC voltage source is

coupled to the at |east one switch and a second

oper atho/@miper@rcier oot et §otlaimed pecrgB) fthag%é legstprgeswitch
dgﬁlrﬁ‘gigém&mﬁﬁﬁﬁ%ﬂa%‘ tﬁc? Rofed ﬁ@ssloltg%e %o% d @eleé’tlve];h €oupled

r circurt as set forth in wherein there
witle heagwindshuco wpthedOSERTopt 0- coupl er. 5. The di nmer
circuit as set forth in claim3, conprising a
controller that provides a timng control signal that

Tont rpdSdifadRr QREGi AL éé@fo%haih%la%l It Bﬁcﬁﬁﬁﬁ?d switch for
sel ectively coupling the isolated vol Tage source to

t he at sdcerdswinglebatwieercthe iglatdh @Cdvqnlmr: seince and thgsatdestst one

forth. .n clajm erein.t

SEbr oS e BGES naalPror i &G0 “Bsh g iplaee pe
odta g€ Rb@ve iacgséd edirnmUBist @he BoMRh Hhald Yeomd tdpelqug@ state
the at | east one switch to the |load.7. The di nmer

whare thetiselated BXC yoJtagh soyoe isglisponnectashipen shayy least onoasitch.
one voltage controlling conmponent between the isol ated
DC vol tage source and the at | east one

4, The dimmer circuit as set forth in claim 3, wherein there second switch

comprises an opto-coupler.

5. The dimmer circuit as set forth in claim 3, comprising
a controller that provides a timing control signal that controls the operative
state of the second switch for selectively coupling the isolated DC voltage source to

the at least one switch.

6. The dimmer circuit as set forth in claim 5, wherein the timing control signal
comprises a pulse width modulation signal configured to achieve a desired amount

of power delivery through the at least one switch to the load.
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switch for limting a voltage applied to the at | east
one switch. 8. The dimmer circuit as set forth in
W@L@B12360 wherei n the at | east one vol t age conk@UUEI0NG 053255
conmponent conprises a zener diode. 9. The di mmer
ircujt as set .forth in.claim?7, erein.the at | east
Bne. vBic SGunC iR Rh o *Qmmrf%sataleﬁt (09§ voltage
doRibBin@ cohdpBhert HeRRRhahE ¥@1dQ BONJIALe oudrtd Bn®Pihetdt Mhist one
of the at l'east one switch and a second resistor that
svgtchger laniting ahwltegnemmbicd 4o thgrap leastfontiswitclof t he at
| east one switch. 10. A nethod of controlling a di mer
circuit conprising the steps of: selectively coupling

@an i spleadigfinddCinlttaager HaUrifIdiM Atwheasth®BeledMdneNoltage
t hrough which power is provided froma source to a

qoptalling romppecntsempasasf 2engidiedn, conpri si ng

selectively controlling a second switch between the

i sol ated DC voltage source and the at | east one switch
®uch Thwdinthe Geannd sswiokthin etaiinr lvehaakienhd belchs anatvettage
DC voltage source is coupled to the at |east one

ORFrPEIRE COMPOnGIE CAPHRS aofrsticaistor it ICRFFRIVSitR ﬁontml a turn on

t\k/r%%f h89t fR& one lsmglﬁ atd QM%C@E&’ rQ¥stdrNRatlis e"i‘%tg\%ktpgontr%l & turn

age source to the at least one switc eep t
off omicadé thovasll¢aagmeatwiwh. bel ow a sel ected val ue. 13. The
nmet hod of claim 10, wherein the at | east one swtch
conprises two MOSFETs. 14. The nethod of claim13,

19 ”'tp rA l%hé@lgaduosﬂ B8irb Mg b \WenmMeBERLS: lodiprisBitans fcph@se
control.
selectively coupling an isolated DC voltage source to at least one switch

through which power is provided from a source to a load.

11. The method of claim 10, comprising
selectively controlling a second switch between the isolated DC voltage
source and the at least one switch such that the second switch controls when the

isolated DC voltage source is coupled to the at least one switch.

12. The method of claim 10, comprising
limiting the voltage provided by the isolated DC voltage source to the at least

one switch to keep the provided voltage at or below a selected value.

13. The method of claim 10, wherein the at least one switch comprises two

MOSFETs.

14. The method of claim 13, comprising using the two MOSFETs for reverse

phase control.



