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WO 2006/002145 PCT/US2005/021892 COMPACT RADIO
CONTROL DEVICE EMPLOYING SAME BACKGROUND OF THE 2 *>/02182
INVENTION The present invention relates to antennas and in particular, to
radio frequency antennas for transmitting and receiving radio frequency
(RF) signals. Even more particularly, the present invention relates to a
compact antenna, which is provided for use in connection with a radio
frequency controlled lighting control system. In particular, the present
invention relates to an antenna which is provided on a lighting control
device, for example, a light dimmer, and which receives and/or transmits
radio frequency signals for controlling a lamp and communicating status of
the lamp, for exafiPE ST, BHIGHREREESIEY SN FHE Ao ANy uency
signals are pseditmeoniratiem avrenote ruasieylocaiian tharstaiusef the
lamp connected to the light dimmer and also to provide information back
to the master location concernln the status of the controlled lamp. The
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for use in a |gli hting control system, the antenna of the present invention
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transmit to and receive signals from a local electrical controf device which responds to the control
signals from the master device.

Although the present invention is directed to an anterna for use in a lighting controt system,
the antenna of the present invention can be applied to the communication of signals relating to the
control and status of other devices, for example, communication equipment, motors, security systems,
appliances, HVAC systems (heating, ventilating, and air conditioning) and other devices.

The present invention is directed to an antenna of compact design which can be included
within the lighting control device; for example a light dimmer, and which fits into a standard electrical

'wall box. The invention is also directed to a lighting control device itself, either a master or local



-2 (remote) unit. The invention is of particular use in a system which uses
wipdigdkgugncy signals to control the status of controlled electrical
devices such as electric lamps. In such a system, the conventiGnay
manually controlled hard wired lighting control devices, for example, wall
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number of wires that need to be routed in the new construction can be reduced. Accordingly, in the
system employing the present invention, it is not necessary to run control wires (only the electrical
power wires need to be installed) to control the lighting system since the antenna of the present
invention will and receive transmit radio frequency signals to accomplish this control.

There is presently a system known in the prior art that allows for remote control of lamps
without hard wiring the control wires to the lighting control devices. This known system is the Lutron

Radio RA system in which lamps are controlled remotely by radio frequency signals. In the Radio



There is presently a system known in the prior art that allows for remote
f lamps without hard wiring the control wires to the lightin
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which lamps are controlled remotely by radio frequency signals. In the
Radio WO 2006/002145 PCT/US2005/021892 RA system, each lighting
control device, in addition to manual c()ﬁfrols, has a transceiver and an
antenna, which receives and transmits radio frequency signals from and to
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SUMMARY OF THE INVENTION

It is accordingly, an object of the present invention to provide an antenna for an RF
communication system for controlling lamps and other electrical devices, and in which the antenna

forms an integral part of a control device (e.g., a lighting control device), which can be completely

installed in a conventional electrical box.



It is accordingly, an object of the present invention to provide an antenna

for an IT. communication system for controlling lamps and other electrical
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device (e.g., a lighting control device), which can be completely ins ANeY

in a conventional electrical box. WO 2006/002145 PCT/US2005/021892 It

is a further object of the present invention4to provide such an antenna,

which is not visible, being completely contained within the lighting control
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signals at a specified frequency comprising a first 106p of condtictive
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The objects of the invention are achieved by a compact antenna for transmitting or receiving
radio frequency signals at a specified frequency comprising a first loop of conductive material having
at least one break in said loop and a capacitance including a capacitor bridging the break, the loop
having an inductance and forming a circuit with the capacitance, the circuit comprising the loop and
the capacitance being resonant at the specified frequency, and a second loop of conductive material
having two ends adapted to be electrically coupled to an electronic circuit, the second loop being
substantially only magnetically (or inductively) coupled to the first loop, the first and second loops
having loop axes that are substantially parallel or coincidental.

In a first embodiment, the first and second loops are formed by metallic layers on printed

circuit boards, with the first loop being disposed on two opposite surfaces of a first printed circuit



having an inductance and forming a circuit with the capacitance, the circuit
ising.the loop and the capacitance being resonant at the specified
W?r%?ﬁ@r%%and a second loop of conductive material having tWOTZ‘rIl%ZsOOS/ 021892
adapted to be electrically coupled to an electronic circuit, the second loop
being substantially only magnetically (orsinductively) coupled to the first
loop, the first and second loops having [oop axes that are substantially
parallel or coincidental. In a first embodiment, the first and second loops
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substantially only magnetically coupled to said first loop of said first printed circuit board.

The objects of the invention are also achieved by an electrical contro! device adapted to be
mounted at least partly within an electrical wall box for controlling the status of a controlled electrical
device, the electrical control device comprising a housing, a support yoke coupled to the housing, the
support yoke having a fastening device for coupling the yoke to the electrical wall box, a controllably
conductive device contained within the housing for controlling the status of the controlled electrical
device, a control circuit contained in the housing, a transmitter and/or receiver contained in the

housing, and an antenna adapted to receive a signal at a specified frequency from a remote control



frequency; and a second printed circuit board comprising a second loop of
conductive material having two ends adapted to be electrically coupled to
wanelselsonic circuit, the second loop being substantially only magretgai.1s07
coupled to said first loop of said first printed circuit board. The objects of
the invention are also achieved by an electrical control device adapted to
be mounted at least partly within an elegtrical wall box for controlling the
status of a controlled electrical device, the electrical control device
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receiving said signal from said antenna from the electrical control device for providing a signal to sai(i
controf circuit to indicate the status of said controlled electrical device, the antenna comprising a first
loop of conductive material having at least one break in said loop and a capacitance including a
capacitor bridging the break, the loop having an inductance and forming a circuit with the
capacitance, the circuit comprising the loop and the capacitance being resonant at the specified
frequency, a second loop of conductive material having two ends adapted to be electrically coupled to

the control circuit, the second loop being substantially only magnetically coupled to said first loop,



coupled to said control circuit to provide a signal thereto to control the
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electrical control device, the antenna bqng coupled to a transmitter and/or
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control circuit to the antenna for remotely controlling the electrical control
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an eltecﬂ.ncal (\I{vall b [or controllln the status of a controlled electrical
device, tied rtlr((:)a CORRI G fiéé’ SoPRBPSiFG Y8 Sa ey Aoy brsuit for
catipiisihas teeahiogaihgmitecosapisoricydkmdiainthdisposéshincanptaiadesadicat
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e

aclt i
controlling the status of the ¢o GOt BlEch ey v‘fé(éo‘)ahacvorﬁ%llré‘ﬁléﬁﬁce and
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specified frequency to a remote control device, the antenna ein
colfprsd LT PO R BT OR A SHAES M Sediglone o

of soupking a signal from the remote control device to said control circuit

for remotgly 05‘3@&“&”#@%5@4%5@1@%9@@@%&@ @FQFJJ%{&Q@MF&?@@QQ/ (acrzpted to be
recelvmg; a13|%nal fro said f:ontr(? H%un far rowdln%%&gnal to said

mote R ey AT S P S Rier L B Bostt s

remote Contro
defARECHPre Mrleqiival conrplrisinigs erfiestdd sy ofrcoheiLrtthuecidetarialtinaying control

at deast ererbigaknbssaid support yoke coupled to the housing, the support yoke being disposed
in a plane and having a fastening device for coupling the yoke to the electrical wall box, a control
circuit contained in the housing, a transmitter and/or receiver contained in the housing, an antenna, at
least one actuator coupied to said control circuit to provide a signal thereto to control the status of the
controlled electrical device, said antenna adapted to of transmit a signal at a specified frequency from
the control circuit to said electrical control device, and/or receive a signal at the specified frequency
. from said electrical control device, the antenna being coupled to a transmitter and/or receiver, the

transmitter and/or receiver of coupling said signal from said control circuit to the antenna for remotely



loop and a capacitance including a capacitor bridging the break, the loop
having an inductance and forming a circuit with the capacitance, the
ircul ising the loop and the capacitance being resonant at the
“gggbé‘?h@g&ﬁgquency, a second loop of conductive material haviESWSZ&H%&”"”
adapted to be electrically coupled to a control circuit, the second loop
being substantially only magnetically coupled to said first loop, said first
- loop having a main loop axis substantially parallel to the plane of the
yoke. The objects of the invention are also achieved by a remote control
devioeuatiapted: totbeal mouwnhtedatieass pastlyonithinanelecisicalivali-nax! device,
a”dgﬁ&@QEQQJQg%Q@EﬁQM{Vﬁ&Q WL WE R %%mﬁecé!&'{hc@ﬁ&!@&t&%t %)rnptrrqzlidmg a signal
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suppbitt ke iseiderdis poseael hirviagplaerst ambhavimgid fastedingtheiviee: fariuding a
couplinghe-yakede sheceleatdsahwalbP oA cQRPh Gl CanaiRed.n
e g, B, B el Al e, honeid: an
antenna, at least one actuator coupled to SHd CERtrIEFEINA 3 s iers e
sigrfsritiiere foterrbprotipredsesitssrartisthaomativliedseiéotribalid elpitesagaiupled to
anteinanadagited, fecldiansibansigbalat iy SREGHA fEagUS RO & 1oop,

contl GIEGHIE iR sald e eGicalbsaniraldevicR, ans i?[ reeelye aglonal at

the specified frequency from said electrical control devi e?'fhe antenna

being coupt&d {5 G alttarar Afdierastidrarian trihssee rrararbiiom the
recéplier ot douphing said signahfronthsalesaoritralminpuil g thevapienna for
remotely WO 2006/002145 PCT/US2005/021892 controlling the electrical

con RlEq:ea/ %&EW%%P £Q0 rgm} tatus of the controlled electrical
devrce,—an%%ormving-?ardﬁﬂgnaﬁj%ém said antenna from the electrical
control deviteifmmpeowidlingdsigttbetosaidtiechtibndircloiideingditste theription
statuaiobsaistcantealiedglastrical: device, the antenna comprising a first

loop O,f Corl«‘?«,;,”?t' gwgnzﬁ;[%g?!iigargxlro gf ggald%g'%teoggc bgc?rg' lél'lnd%il%tlo%tgg gxa%ing use of
capacitance mcﬁuc_llng a capacitor bri glngqtlhe break, the oo aving an
indUBtARERNaMACrSIR IR SPEILVER¥Pthe capacitance, the circuit
comprisingFtie loop: asidiitit-capacitanse feingeganantdaiitiaspaci@tmer,
frequRBek 2586 b40RR. 0f GaRdUEHvR maRNakaYINg. M ends adaRted st

to be electrically coupled to the control circuit, the second loop being

sub&EIRBAALFBE MRTHEHYAN EBUISH to said first loop, and said first
loop havindjia frbimicopreixiesisbstaftidtypansdlslctodtiaplaneehtheyoke,
Other featusgs: el aganiaaRaRh aRREBSEMIMENIAR Wil PR OIS diment of the

apparent fromdlhe Lﬂ»”o""i”% description of the invention which refers to
antenna accordung to € prese

the accompanying drawings. BRIEE DESCRIPTION OF THE DRAWINGS

Figs. 5a and 5b show a top and bottom view, respectively, of a first embodiment of the main
foop printed circuit board;

Figs. 5c and 5d show a top and bottom view, respectively, of a second embodiment of the
main loop printed circuit board;

Figs. Se and 5f show a top and bottom view, respectively, of a third embodiment of the main
loop printed circuit board;

Fig. 6 shows an exploded view of the feed loop printed circuit board:;

Fig. 7 schematically shows the electrical and magnetic characteristics of the resonant loop

antenna of the present invention;



The invention will now he described in greater detail in the following

i scription with reference to the drawings in which: Fig. | shows

wqﬁﬁéﬁﬂ;ﬁ?ﬁ%ram of a radio frequency controlled lighting syste%cgrﬁgﬁﬁ? 5021892

use of the antenna according to the present invention; Fig. 2 shows a
simplified block diagram ofa lighting control device, such as a dimmer,
which is adapted to both receive control signals for controlling a lamp load
as well as transmit status signals concerning the status of the lamp load,;
Fig. 3 shows anequivalentcireuitfondheianienbaaceesding:to the.prgsent

INVERboRiEign 4 L%@ghmlfa%gﬁlgnpféizﬁﬁc%%@snmv&&&fspeC“VG view of

the first embodiment of the antenna according to the present invention;
Figs. 5a'dhd BSOS 1 AT BOROHIEMEW crrE Sevigey mpriifiy adimmer
embordinienthefehmmeithe lwepnprintedcircuit board; Figs. 5¢ and 5d show
a top angihottanh KigwadesRaetinelVicd secand coanodiment ofNg PRI csen
qupcﬂlr(i)gted circuit board; Figs. 5e and 5f show a top and bottom view,
respectively, ofa third embodiment of the main loop printed circuit board;
Fig. 6 sHows' ahresprotiecrvhedinshthEfeatkionpeprifitadooitcuitboandyioigin 7
sehematieallyiahavwsrthe rlipsticahandyaragngie ChARURISIESRf MHE of e
resQRaRtloan Avtenna of the present invention; WO 2006/002145
PCT/US2005/021892 -9- Pig. 8 shows a perspective view of a light

- dimmer Séctrdiny idefisidrasatitsive Fiaddrpbftating a first
embodimentiohthe antenina oftthenpreseftignvention; Fig. 9 shows a cross
lsecuonabﬁ_’i@Wb}%t:@ fightin %@QMQLQ@X% HREGANNEG;, i P& me app rcat from the
|n{§:ect)ar§e%r%tslcrg%§9§wqgggg}% \,\%f the present invention; Fig. 10 is an explo ed
perspective view of a dimmer incorporating the antenna of the present
invention; Fig. 11 shows another embodiment of the antenna according to
theeprasentipyertiandn ovhiah thegmaionoop is formed in part by a metal

part Starw:ﬁ%Qeg%%eox{o@%t%%%ga&?nég%hx%%gnt?g grrllcF co%ltr% tlﬁx(f\'taélcgo?cﬂggotloqhee}gr%?ént

invention comprise components of a radio frequency controlied lighting control system. Such a

system is connected into the building hardwired electrical power system 10, shown in Fig. 1. Only
the hot side of the AC circuit is shown in Fig. 1. The neutral and gfound lines are not shown. With
the exception of installing lighting control devices to replace the existing standard lighting control
switches and dimmers, howeveg no change in the building wiring is necessary to implement the
control functions. Accordingly, the system shown in Fig. I can be used to provide remote control of a
building lighting system without installing any additional wires. This is particularly useful to retrofit
an existing building for remote control without expensive construction work and rewiring. However,
systems of this type can also be employed in new construction to reduce the amoﬁnt of wiring
necessary. All control functions are accomplished by radio frequency signals transmitted between
master and lighting control devices, lighting control devices and repeaters, and masters and repeaters,
as appropriate.

According to such a system, a master control device 20 may be installed having a plurality of
controls and status indicators 22 which control various lamps assigned to the various control
actuators. The assignment of the particular lamps to particular control buttons can be in accordance

with the previously known Lutron Radio RA system. That system is described, for example, in U.S.



Fig. 12 shows the feed loop of the antenna of Fig. 11; and Fig. 13 shows
a side view of the antenna of Fig. 11. Other objects features and
of the present invention will become apparent fro ét]'__iﬁzl

detailed d%%cription, which follows, DETAILED DESCRIPTION: fos/021892
INVENTION With reference now to the drawings, the antenna and control
unit according to the present invention ggmprise components of a radio
frequency controlled lighting control system. Such a system is connected
into the building hardwired electrical power system 10, shown in Fig. 1.
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by reference herern e master device 20 includes an internal antenna,

whiEPIE B B VA 5 ST e el S pelcshgtege manua

trapriritd Rt O rewy udivbys sigralgitfor Comtrob andisfatusiduniptibri@nthemaster units

maﬁl%derr&%tm{plblgﬁrﬂrm%as%u@Hﬂﬂtpzﬁ fox RRWSL, \ﬂ-@i%ﬁhﬁggontrol devrce 50is -

trag%pram a2p§bl ea%lsrmq in?;‘dd nqal mcaster ?eVI ee rSe Zegte(r: {)1 n$F§i) rs?é/rlune 1S 20 and
A wall mounted master unitor Unlt %dl gan rOVId (]a e maslter

unit®3e rgfqa'érrﬁﬁ'@at%rs"atwéwwawﬁ?fﬁﬁvaéféerr%tmsé lrmgsipfstAle behtieg control

device 50 may comprise a dimmer, for example, and may include a plurality of status indicating
devices, for example, light emitting diodes (LEDs) and/or optical fibers 56, which indicate the
intensity and setting of the lamp 54 to the user. The indicators 56 may be direct view LEDs or fiber
optic pipes, which receive light energy from suitable illumination devices such as light emitting
diodes. In addition, the lighting control device 50 includes a means 58 for setting the intensity level,
for example, such means 58 may comprise an up/down rocker switch. Furthermore, an on/off switch
59 may be provided to disable the operation of the lamp. The on/off switch 59 may comprise an air
gap switch that completely isolates the lamp from the dimmer circuit, for example, when performing
lamp maintenance. A piurality of lighting control devices 50 controlling respective lamps 54 can be

provided according to the system described. While dimmer 50 and master 30 are described here as



an existing electrical wall box. The wait mount master 30 may also include

| antenna according to the inventions, which is hid .
W@%&&@Ey ﬁumber of master units, either of the table top typ((ajﬁ 2%{é§%12ﬁ05/(}218)2

wall-mount type 30 can be provided in the system. According to the

system described, a repeater (or repeqt?{s) 40 may also be provided to

ensure that every component of the system will receive the RF

communication signal for control purposes. The repeater 40 includes an
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PCT/US2R05/021:882qlienng: il amtenigeatoouting da theu 8385 invention. The
iNyQatieRedhe.sastes Wq%qrénéjn(%R‘?o%tpeﬁjﬂgnﬁ%%@ﬂ%ﬂzfﬁYﬁ? %%Qi%lp 210 is
g

antenna. Fig. 2 shows a simplified block diagram o then ing con

deViCEBYY WHTCHES WA AR & Ot st R R S antinhiemiting Faigifrabs C in

TheHOY eareniredded b endig htimg Controhdenic @8y determined by the values of L
and C and enables the transmitting and receiving of RF signals via a radiation resistance, R,, which is
a representation of the energy delivered to radiation. The losses in the main loop 210 are represented
by a loss resistance, Ry. The main loop 210 is primarily magnetically coupled to the feed loop 250.
This coupling is shown schematically in Fig. 3 by an ideal transformer T. The feed loop 250 includes
a magnetizing inductance L, a leakage inductance L, and two ends 357 that connect to the dimmer
circuit PCB 118 via capacitor 114. The feed loop 250 allows for the conduction of signals between

the dimmer circuit PCB 118 and the main loop 210.



connected to an electrical power system 10 and the DIMMED HOT
terminal is connected to the lamp load 54. The neutral line connected to
54 need not be connected to the lighting control devic
ﬁ%?d@s%aigﬁe lighting control device 50 can replace a simple Fhd! \[2{;??30;/”21892
on/off switch or dimmer. This lighting control device 50 has a user input
means 102, which may comprise suitable switches or controls for
- providing on/off and dimming functions. “A%tiiac 106 (or other suitable
power conducting semiconductor) controls the amount of power delivered

to the lamp lma@&@&:d&t@r m@dd@%ﬁ@@%@ls@ﬁgﬂ I}id 08 m-gm%)@;miz@@ Réth those

of the;present invention 300 is conn dto ra scel r1 10 via a DC
(direct curgre?ﬁ% rL g tapacitor 11 at3 eli ?éagl cur PehCiffiffgut to the RE

ant&FRTY ”Wée%?ah@cé}%wm@ fhedfes legupibucrivenieriod or/decnied frim the
whichiseceupledidarthamentin cinplsi hQ8sighhedr@nseRIveh 210048 ERARANGBH of RF

of hath, fransmitting Rk.aiongls:to the antenna 300 for transmission and
for recelv%\gﬁRP signals for controlllnﬂ the control circuit 108. A power

supply 116 provIgEs* BETRSFIS YHE'LSASPEHE SiHededirianied Bistiaberimenes! the
50. @@F@)@ﬁﬁﬂﬁﬂge meﬁomms‘“pwq{mﬁgmw besant gakenear, tlm‘ﬂta[nsummympnses

whigkobiai [&;Sdl@\ﬂtﬁ{a QB 1GLuH, M@@@pﬁﬁ%%&fr@&y@éﬁdﬁ B‘ﬁrd Bedr ﬁ&erably
106 Is off ther rev nti %%g rops, to the lamp load 54. The user
TR o B

input 1%56’ triac 106, control 'Frant%'&lérf\elsesrﬂﬁﬁr R e
112V biefdssisReEicd a spIgEs AreTial Hibautedpor. aledirnmmesr shetuit prinbepk: and

circuivheasd (RCB)dLdBe Iagcra?asmwsrmmmvalem:&iﬂé%@&ﬂﬂ&é@t@@%3 12
300,36RREYINGHIC q@w&&mheax@@menﬁ € amef{:ﬁ QW%PQd'SS&OH‘p“ﬁ S ECB

€ upper
twcr)ﬂparts a main loop 210 and a feed loop an e main oop§

prim AR PAdPABAG T ﬁf'b‘r*{*ﬁ@%ﬁ‘f&*ﬁﬁ%bﬁ %ﬁd'ﬁ%é?ﬁﬁ@%cancﬁfdﬁéfwe@ Fig. 3.
L adtecmpretabice Tliplssaxpdes\Atie i @nérgi rediothedafaidqopiaddeircuit board

reS@@?@@fe@iJ W%R@M&l ale rm%&kt}bérm&{ﬁlm fk Lnaﬂq éBd The feed loop

e transtttln eIVI of RF S|gna S via a radiation
g3 nd feceving

2 1 LB R B RUaRPG HRIVERA G 257 o for

resistarice, R, WHICH 1s arepresent
radRRABASLT R the Sipaci iseiRER! ISeb thelitaing repreiseritedo by a loss

resistances Bp. vidieaaaivoteapy 240 fspraakly ProneticainaoHMeddosihg: sb,
feed, 9&9&?%@%@9 ACJ{QJW&&Q Ve msm%mgg;'x A b}/e&ﬁ?{&am loop

transformer 1 he fee O Includes a ma et|Z|ng Inauctanc
leakade fﬂdh&‘%’é@ yih %?faamf)s@hagé 387 e chrisiabie stica mensesapacitors 315
circotyPEB I8 viarcapaeitop Vidaihieteediaomabad al@us fphEs, the capacitance

conductinnah %lg rbalﬁg%g\ﬁé@ﬁ&s me@ wﬂmfﬁ%hﬁﬁ &rgac%%mgcgg%zmrg which
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can be frimmed {using a trimmable capacitor) to adjust the resonant frequency of the main loop. The
capacitors thereby form, with the printed circuit, an LC circuit. The current in the LC circuit is at a
maximum magnitude when the RF signal being transmitted or received is at the resonant frequency
determined by the inductance L and capacitance C of the main loop PCB 310.

Apertures 340 in the main loop PCB 310 allow for attachment of the main loop PCB with the
dimmer 50 by a heat stake, which is an insulating fastener that does not change the magnetic
characteristics of the main loop PCB. The heat stake is made from a thermoplastic material and
comprises two straight posts that fit through apertures 340 in the main foop PCB 310. The ends of the
posts are formed by the use a horn, which is heated in order to melt the thermoplastic material. After

the heat staking process, the ends of the posts have a diameter greater than the diameter of the



In this way, the antenna 300 is adapted to receive signals via the main
wdoRRsAk914ith those radio frequency signals being electromagpefic %5/021892

coupled to the feed loop 250 for input to the RF circuit transceiver |

Conversely, the feed loop 250 receives signals to be transmitted from the

transceiver 110, electromagnetically coqgles these signals to the main

loop 210 for transmission of RF signals to a master or repeater device.

Fig. 4 shows a perspective simplified schematic exploded view of this
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conductive material 314A of the main ioop PCB by providing the laser cut slots 318 of varying

thicknesses and lengths. Even though trimming away the conductive material 314A provides a means
for changing the inductance L of the main loop PCB 310A, trimming the conductive material also
increases the loss and decreases the efficiency of the main loop PCB.

Figs. 5¢ and 5f show the top view and bottom view, respectively, of a third possible

embodiment of the main loop PCB 310B, showing further means for changing the inductance L. and



posts are formed by the use a horn, which is heated in order to melt the

thermoplastic material. After the heat staking process, the ends of the
(%?)\ﬁ? a diameter greater than the diameter of the WO 2006/002145

PCT U€5005/021892 -13 apertures 340, thus holding the maif 30 PEH021892

310 in place. Alternatively, other means of forming the ends of the posts

may be used, such as ultrasonic staking, in which the ends are heated
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interference. The outer shielding 353 and inner shielding 354 are connected by vias 364.

Fig. 7 schematically shows the efectrical and magnetic characteristics of the resonant loop
antenna of the present invention. The main loop PCB 310 has a main loop axis, which is paraliel to
the Z-axis. As shown, RF signals received by the main loop PCB 310 induce a current flow through
the upper and lower surfaces of the main loop PCB. Current flows through the vias 312 at each end
and is at a maximum magnitude when the RF skignal being transmitted or received is at the resonant
frequency determined by the inductance L and capacitance C of the main loop 210. The current flow
induces a magnetic field ¢ as shown. The magnetic lines of flux intersect the feed loop 250, causing
a current to be induced in the feed loop for input to the receiver of the RF circuit. When transmitting,

RF signals in the feed loop PCB 350 are electromagnetically coupled to the main loop PCB 310 by



conductive material 314A of the main loop PCB by providing the laser cut
wERlis A4S @ varying thicknesses and lengths. Even though tr'WH%ﬁW@sz%

the conductive material 314A provides a means for changing the

inductance L of the main loop PCB 310A, trimming the conductive

material also increases the loss and degreases the efficiency of the main

loop PCB. Figs. Se and 5f show the top view and bottom view,

respectively, of -a third possible embodiment of the main loop PCB 3
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apted to enable the light dimmer to be secured in an electrical wall box in conventional

fashion using screws through holes 522. The yoke 518 is preferably made of metal to provide a heat
sink for the power dissipating components of the dimmer. The yoke 518 includes a number of
apertures therethrough to be described in greater detail with reference to Fig. 10, which allow
actuation of the dimmer controls, i.e., the on/off function as well as setting the dimming levels. For
example, apertures 538A and 538B allow entry of projections from a dimmer rocker mechanism to
actuate a dimmer setting switch disposed in the interior of the dimmer 50. In addition, apertures 540

are provided to allow the illumination from light emitting diodes (LEDs), which display the intensity



interference. The outer shielding 353 and inner shielding 354 are

connected by vias 364. Fig. 7 schematically shows the electrical and
WhhAYIE ¢haracteristics of ale resonant loop antenna of the FrEEaF2005/021892

invention. The main loop PCB 310 has a main loop axis, which is parallel

to the Z-axis. As shown, RF signals received by the main loop PCB 310

induce a current flow 1 through the uppé? and lower surfaces of the main

loop PCB. Current flows through the vias 312 at each end and is at a
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Cor\rliam op PCB 310 and in the sfot 360 in the main loop PCB. The feed loop PCB 350 is electrically

coupled to the RF portion of the dimmer circuit board 502 via the ends 357. Note that when feed loop
PCB 350 is installed in the dimmer 50, the outer shielding material 353 is below the plane of the yoke
518.

Fig. 10 shows details of the construction of the lighting control device 50 incorporating the
antenna according to the present invention. Fig. 10 is an exploded view of the lighting control device
50-of Figs. 8 and 9. The lighting control device 50 includes an insulating back cover cap 500 having
screw terminals 550, 552, 554, 556 to which the electrical wires can be provided for Dimmed Hot,
Neutral, Hot, and accessory control, respectively. Into the back cover cap 500, a dimmer printed

circuit board 502 is provided coupled to the antenna 300 already described. The feed loop PCB 350



500 for connection of AC hot from the electrical power system 10 to the
whNEs 2% Another screw terminal 550 allows for connectio J‘rﬂ}g} 621892
hot to the load 54. A screw terminal 552 connects to neutral (i requwea
A fourth screw terminal 556 (shown in Fig. 6) allows for connection of an
accessory control link. The dimmer inclygles a yoke 518 which is typically
made of metal, e.g., steel or aluminum, and is adapted to enable the light
dimmer to be secured in an electrical wall box in conventional fashion
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at%g% ﬁ)e A 1é)v>1/% eang %)erﬁtmé surtages %SZ%r mﬁ&ﬂn%am.'decreasmg the intensity level

of the connected lamp by comactmg switches 536 on the dimmer PCB 502. An air gap actuator 59
operates an air gap switch to provide a positive air gap system-off for system maintenance. Bezel 530
is provided as an outer covering for aesthetic purposes and may be suitably colored. Preferably bezel
530 and members 52, 59 and 538 are each factory installed in one of selected colors so that an
appropriate aesthetic appearance can be obtained. These respective components are interchangeable
so that different colors or color combinations can be provided,
In contrast to the prior art antenna shown in U.S. Patent Nos. 5,982,103 and 5,736,965, the

entire disclosures of which are incorporated by reference herein, because the main loop printed circuit



insulating fastener that does not change the magnetic characteristics of
the main loop PCB. As explained above, the heat stake 526 is made from
Iastic material and comprises two straight posts 52 '
@%ﬁ%%ﬁtur% 340 in the main loop PCB 310, The ends O%@é@sggs‘/onwz

528 are formed by the use a horn, which is heated in order to melt the
thermoplastic material. After the beat stgking process, the ends of the
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radiating and/or receiving me antenna 380. i i
comprisea tac. PowerSErsiConaatEr e icEhertipre. when acting as a receiver, currents
are induced in the loop comprising the lance 384, the dielectric member 388 and the portions of the

yoke 382 below the lance 384 and adjacent it. Accordingly, a current loop is formed having a main
loop axis substantially parallel to the plane of the yoke 382.

Fig. 12 shows one embodiment of a feed loop 390, which can be used with the lance 384. it
is disposed through an opening 392 formed below the lance 384. In particular, it would be disposed
through the opening 392 that is created when the lance 384 is stamped out of the yoke 382.
Alternatively, if the lance is secured to the yoke by fasteners or welded or otherwise fastened to the

yoke, an opening 392 is formed below the lance 384 siZed to receive the feed loop 390. The feed loop



is held in place by post 512 of back cover ring 510, such that the power
] ctor device 514 is in contact with the metal yoke )
W()Ziﬁs@ilgg'?eg Eeat. The yoke 518 thus comprises a heat sink andSIJgTs@ 52005/021892
functions as the means by which the lighting control device 50 is mounted
into an electrical wall box. Accordingly, yoke 518 includes two screw
holes 522 receiving mounting screws for mounting the yoke and
accordingly, the device 50 into the electrical wall box in conventional
fakien. aFheerdiapsdbop: PEBBItuishfastenedstothewyakedlSnsanthe.
centeniof the.yokeibyd|Ral ik 228 having RARLS, 228 e {89199 e voke
prinfed circyit hoard eSQO%f E{ég antenna 33%0 Is coupled to the dimmer PC]
502. Disposed above Theoke B fuH AR BLE B2 Hpwrahgreuiny.
through ttfe iA@Aviddiatioriey Hifgansars3p teovontholvahswittlhdp3400ms into the
disnemieg RPCRB 50 2okEhe2switemb@4ds pperated by the hinge bar 532 and
providesg ireuit 108, which controls the operation of
the Qowﬁ?%%%?é@n%%é% rggg\%%ei%qﬁ%%oéggrﬁ%%t%gf %?{ off srt‘?atst‘?'sm[(’)?@t'ﬂ%‘e“al s
dintrfe? S %R A8t esteral Ptk dPSEOHIBIS 38 Ritsblvildmeiteanipe may be
operadiddosinfacks S8foribtt easinglandedearaa s dhe imansity ey elaafs in
the.canbreted lamp by contacting switches 536 on the dimmer PCB 501
An air g%tea}rcl:tuatlort? 0 e3rates an air gap switch to provide a positive air
gap system.oit for systEIf MamteR SIS IELYe VBT RoBradided deeshic member
odtér i g ertae sehitiensciposksvand tm ayolseds vitablyncolered.
Prefe(ggﬁ%ﬁ@ﬂ&{sgﬁaalaaﬂdgm&?ﬁW& 5}(%&;5%@% %%@&%l%@ Hf hé'?}{y;{_ggryg& It is
in [ ed.colors so that an appropriate aesthetic
e B 2 O R S M sty o
intSPEHSATSIEBRE °E84tpeP different colors or color combinations can be
providedidetieo pinastdipthubplivseati aatesnaRbiew foibldaSnRatent MNSSiiar

5 Q8210 AphS, (36035 RRiR diplopes Bf whish are incorporated
bgég%é%:e herein, because the main loop printed circuit Wo™
2

75 P ETISIO055 D589 8L HGA SIS ReatuE sy isutated and
freffitipie! feddiloo prptintedstortd e bedr O HthRCarount ofingatatiaRould preferably be
neseasany: RelmeenihassLREHARRISARHLLANRRIARIG SHTTRESS RRn RS,
5gep%§rq 804 the f gesgleacged%fe the |i htinlgt.co,ntrgl device and the

10n.

AC-connecteéjrrEgrl_tl%)ns of tha Tightirlg dontraP Jatiegeks Peealsa e ppssible.
particulaf ah rfeby theirteencht ihboard B Bric déhmbltalyiidataied 125 inch
framvthie: fedektanmpyinte dheiratitan@rdidhhidhadoain Iaan.pEnied GeRi 15
barrd 319 inRreisrahly.clesiically fanpgcted to the yoke 518, but it ma

be insulatged frorrtl)%the yoke 518E\E/!vitr{1:hz;1e %Qr%é‘if‘?%s”ﬁ‘ ating arsnteen?f)o@r'sb“éef%é%%yr and
tha S SHRELP P& 56%Fd and the yoke. The feed loop printed circuit board

350 is elBetridalbpooritectechtolties dovwey timesi iuaneta enclosed by the loop. The
height of the lance 384 above the yoke 382 is thus the most sensitive parameter for efficiency. This
height is directly limited by the thickness of the plastic face of the dimmer. To provide maximum
benefit, the antenna 380 should extend as far as possible towards the faceplate of the lighting contro!
device.

Preferably, the feed loop 390 shown in Fig. 12 is inserted into the siot 392 in the yoke 382

below the lance 384. The feed loop 390 could be encapsulated in plastic to provide the voltage

isolation required.



thus may be at line voltage potential. However, because of the isolation
provided by the magnetic coupling between the feed and main Ioops the

inted circuit board 310 is not at line voltage pote [JE
“ﬁgrﬁ)@gglﬁéconnected to the yoke 518, it will thus be connecrtlég 084! ‘ﬁ/ 021892
ground via the ground network of the electrical system 10. In addition to
the above benefit, the antenna of the present invention is much smaller
than the planar antenna shown in the prior art patents, occupying only a
small portion at the center of the yoke 518. Fig. | | shows another
embodiment ektherppde paRLaGRAEdInG mtmapfﬁaemrimaaﬂoo (FOR4S8 29 The top

an @ﬁgmgets%m%l%vagsoﬂ%h% shgws.th ﬁ@%%%%z of the§'ﬁgm5§E00p

1 W1
control device. The antenna 380 comprises a la V\ﬁ“l

stalTHEa Bubohitracettepatiir mwmegsaz requad s tigeiplegtis ferprdown
384cquiridche. fAktenddwrith BErvws tiviels ordhe riiastene isemfagtering loop
MeaARB ARy WEIANWL[NNE %@ K&tﬁéﬁwﬁh&@dﬁ%@ﬁ% ﬁoqﬁﬂgﬁﬁﬂ:&mn from damage.

predeflneq distance ove the Iane fthegoke 382 and is separated

from the yoke 38595 g s?ance t'88R VA 38E Semestirawt %él‘atﬁémag“"’““
lanéeldiphatelierscarancef fropiditenpiskie! 38anbytindibidietrit meémiieivess,
whigkigadisa®s a capacitance between the end 386 of lance 384 and the

yoke 382.heeqrdinaly, he.lanes 384,361,858 fadiating andlor recelving, |
member of the antenna 380. Therefore, when & ACling as a recenvar . conror device
curPSAERCTATRE M OR BUCTHANASTER S T BARGHSTHE e FMe doBBaditFies cretisiaggart which
meinpen888rapatibdipored ® effthicioypke 382 below the lance 384 and

adjacent 'ﬁ*uﬁﬁ:&oﬂi@'ﬁgl%m@ &H%%E]% Qaﬁ z&%@%x@@%{%%m@éﬁ 109 0l‘%caus% of the
subs&gntlaH% E?rallel to the plane of the yoke 382. Fig. 12 shows one

e f’é%&“f&S‘i?"s‘@breWHFc‘f%&%‘B‘é“ﬂé@&%ﬁﬁ‘% (RIER R dhe dgnger of

embodimeén
is disposddhtiskodgtesmddpaminga3danforimbe ddlow theatarneeB8duskn interface

pariiceHaly traompuld betslisResad.dh '@Mgacth@n@ REING 3R ‘iﬁ%@%ﬁ@x‘&@' color in
Whg\n pﬂ% I%nge 384 is stam ed o tof trﬁ me e 382. Alt?rnatlvely, if the

nt e us r interface s aoyggfgxﬂ étﬁ' yoke

lance is secured to %ﬁnm F( bem? earliré‘rs or welded or o
to th AERER AheERRSH) ﬁ@t@g@ﬁs?&%ﬁ@wm&h@m@qaﬁe@m sleasbabisolation
receivednitecfigitvioap: 38ditfhe fecdlner PO i2QRGIN0RK4R that the user can touch to
PCIAS2002404489 -19 390 can also be disposed on a printed circuit

board or all some other substrate and may have insulation thereon as in

the previoUS TRLE LML EFHE ALY QEAMAA R EaERSt Hreihbhned by
yokasustiiet they maireloop cifivetfe adutop:39 G pragatnoritdsaB@nfog the characteristic

CONRGEIIAL: 10 48R R PGONKGLEHE WM FiBnd S UQMIAE SR SIS VIEW A, the
antenng,289.snquind fo SEQS‘%J 2d,190p 320 fits into the
Furthermore, the primary and leakage inductances are weakly coupled. The antenna
comprises a series resonant antenna and can be tuned separately from the drive circuit. Furthermore,
the antenna is field changeable so that the frequency of operation can be changed easily. The feed
loop can be shielded to minimize noise and it can be surrounded by insulating materials to obtain
further isolation. Furthermore, the antenna provides advantages over the prior art compact antennas
in electrical control devices because the transmission range is extended, and is more easily tunable.
Furthermore, the antenna of the invention is less expensive to manufacture than the antennas

of the prior art.



opening 392 in the yoke 382 under the lance 384, The dielectric member

wo Sy ke made from suitable material. One suitable materigl j

Rodgers 4010 or 3010 material and it can be laser trimmed. A%%I%/i@%?éw 021892
clamping means may be provided to clamp the lance end 386 to the
dielectric member 388 to prevent inadv?{t?nt changes in the capacitance.
Alternatively, the lance 384 can be coupled to the yoke at both ends by a
dielectric member 388, effectively distributing the capacitance between

the two endsugf theplanean3sdioAny eihiefsvilable-dialacl i matarialeaments
b%&'%@t?%@n(})&m%ﬂlﬁl%t&% m&{m&{og@%d I&tllx%r Lglég_@q?b@e that 2 low (l)%%s e skilled

material be used. Losses in theeresonatln%capacnor mﬁ%?’éﬁ@%& rac
froh THE HIERIAE R0 Aatsheald b dirisbrop b dipecribadiscipsereherein, but
loeypydapiacitoeciedbimation is in the dissimilar metals forming the
yoke-to-capacitor junctions. If the yoke is formed of aluminum, the
aluminum should be abraded prior to making the pressure contact and
means to ensure continued pressure and additional oxidation prevention
should he used. The PCB forming the capacitor should preferably be
tinned, since a tin/lead aluminum junction has a lower potential for
corrosion than an aluminum- copper junction. Plating selected areas (or
"spot plating”) of the yoke may also be possible. In an embodiment of the
antenna 380, the top of the lance 384 of the main loop is 0.125 inch
above the surface of the yoke. The lance is 0.045 inch thick and 0.120
inch wide. The loop is 2.18 inches long. The loop can be made longer.
The efficiency improves as the loop is made longer and thus the enclosed
area larger. The efficiency of the antenna 380 is directly related to the
area enclosed by the loop. The height of the lance 384 above the yoke
382 is thus the most sensitive parameter for efficiency. This height is
directly limited by the thickness of the plastic face of the dimmer, To
provide maximum benefit, the antenna 380 should extend as far as
possible towards the faceplate of the lighting control device. Preferably,
the feed loop 390 shown in Fig. 12 is inserted into the slot 392 in the yoke
382 below the lance 384. The feed loop 390 could be encapsulated in
plastic to provide the voltage isolation required. WO 2006/002145
PCT/US2005/021892 20
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The feed loop 390 may be made front flat metal stock, for example,.015

inch brass. The top of the loop is preferably folded over which enables | 4y WISE
close magnetic coupling with the main loop, limited by the thickness of i
the insulation between them as required by the dielectric breakdown
requirements. This is shown in Fig. 12%3y the fold-over 394. The plastic

housing of the feed loop may anchor the main loop lance 384 setting the
cantenna height and providing protection from damage. Since the coupling
between the main loop and the feed loop is substantially via the magnetic

field, the dielgetreconstapeeihecplastc material enrapsuaing the feetnals
loop is relatively insignificant. There has thus been described a resonant
alospraniéaadraguatasantelbetical eonirmideric e incatRoraHing deogelivered
antenna wherein the loop antenna has a main loop radiating receiving part
toviuickleig perh &rily, ragaetioally couplédite: a feed loop. Further, the

radiating and receiving main loop is isolated from the feed loop because of

the intifietteadiniphadaandciteas dostynoratqinchaninadditional isotationl an
_means to prevent the danger of electrical shock. A desired feature of a
i {ihe spRRg tBepibiieitirkanse fonteingce cCHSséEmhipe resonant at
(faceplate, hutton, bezel, rocker arm, etc.) with a user interface havinga
thfrReHEEd) FﬂPetﬂ‘é‘/figPﬁ,gﬁ%tcﬁﬁﬂ?ﬁ@P%&ﬂ%’f‘l@ﬁBﬁéﬁﬂglEf‘ﬁd"ﬁﬁ%‘f%éﬁdm
fthe user interface i§ remove aHd the %/oke anilantenna are expoied t

TRAGEEY TIRRSEN S TA (P8 ATU& U Tt ra e &ries idslhifaRd to the
efé%%‘gi%SP 5@3;@%5 voltage circuitry on the dimmer. PCB 502 and any
surface that the user can touch to prevent electrical shock. Furthermore,

the anfenna,is £agiky YRRl QU8H G Wide.[a09e, DRGAUSS &%%naﬁsp%aﬁg be

by adjusting only one element, either the inductance or capacitance while

[BANBINNG thecehRrantelisiifoiRREdancet & AN ‘Igop“ﬁ'«i%?éj @gbt&%ntially

capacitance is generally preferable since adjusting the inductance may

ol1978R8S iR A05S@% N EINRIIRAR- BN M8eEa HaE RIEBAN BN sulated from
leakage- inductances are weakly coupled. The antenna comprises a

tsefiestrestingimizdntgnna and can be tuned separately from the drive
circuit. Furthermore, the antenna is field changeable so that the
frequency Bf dperitibmgdvrbechanged dasiljodbhentdeblatong cimwbexis, the
shielded to minimize noise and it can be surrounded by insulating

leprtetisl oftbhetiam ridinEnisblapomndreatietdeerelodie atermeb providdly
advantages over the prior art compact antennas in electrical control

paERitd oheingilem s 1id il dadininsdeds exterrsenddperidontpferaaniya single
tunable. Furthermore, the antenna of the invention is less expensive to

aﬁﬁﬁf}f’aﬁ?ﬂltélﬂfé%img%ﬂﬁm%for controlling power delivered to the electrical
load.

2. The antenna of claim 1, wherein the first radiating loop of conductive

material comprises a break and the capacitance includes a capacitor bridging the

break.

3. The antenna of claim 1, wherein the second feed loop is substantially

at line voltage potential.
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of the prior art. WO 2006/002145 PCT/US2005/021892 21 Although the,
present invention has been described in relation to particular
embodiments thereof, many other variations and modifications and ot[jﬁxjm WISE
uses will become apparent to those skilled in the art. Therefore, the i
present invention should be limited not25y the specific disclosure herein,
but only by the appended claims. LLOYD WISE 22 CLAIMS: 1. An
antenna operable to transmit or receive radio frequency signals at a
specified frequency and. to be used with a device for controlling power

delivered to Bhecipaisitnd lradaiinel 2RIRNRa OB PHSHNG: Ba@i ESToaAIatiNg cond
loop of conductive material having a capacitance and an inductance, the

feap britancefanddheinciptance frsninglaciudteingdesenasat-dhe
specified frequency, the first radiating loop transmitting and receiving radio
frequency signals external to the device for controlling power delivered to

the electrical load; and 10 a second feed loop of conductive material
having@two ehéi§ aakpred & deim|écrieactp i toataioetionicisifouited on
the second feed Ioog being substantially only magnetically coupled to the

PSPt RAIBGAY 85 LRaB R ARCA HeimdhsdFFBhp i siteadidtimg ddegisposed

.said first radiating loop and second feed logp each having a loop axis, the

8 IR LS it TR G500 A LB RO B b Yok
ubstantiall rallel or coincident said first.radiating loop and second

a?ea ‘1‘%@8 orrlﬁ%%g&) Y sﬁ%ﬁ 5IC§EP§R%I§ICé%¥5i%é% ?ﬁls?%%talg\%c%‘)fbr controlling

power delivered to the electrical load. 20 2. The antenna of claim 1,
wherein the first radiating loop of conductive material comprises a break

and the Capaﬁ;@@?ﬁéﬂﬁ'&’ggél@iﬁ@&%ﬁ@fe@ﬂ@ﬂ@%&%%ﬂg%?%he first radiating

loop is substantially parallel to the plane in which the yoke is disposed.

7. The antenna of claim 4, wherein the first printed circuit board of the
first radiating loop has a slot therein, and the second printed circuit board of the
second feed loop is disposed in a plane perpendicular to a plane in which the first
printed circuit board is disposed, the slot being sized to receive a dimension of the
second printed circuit board, the second printed circuit board being received in the

slot.

8. The antenna of claim 2, wherein the first radiating loop includes a
first conductive member disposed a defined distance above a mounting yoke of an
electrical control device and substantially parallel to a plane in which the
mounting yoke is disposed, the first conductive member being separated from the
yoke at a portion thereof by said break, a dielectric member being disposed across

the break forming said capacitor whereby an electrical current can be induced in
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3. The antenna of claim 1, wherein the second feed loop is substantially

25 at line voltage potential. LLOYD WISE 23 4. The antenna of clain.1QYD WwisE
wherein the first radiating loop and second feed loop are formed on

respective first and second printed circuit boards. 5 5. The antenna of

claim 1, wherein the first radiating Ioopzf’s formed on a first printed circuit

board, and wherein the first printed circuit board is disposed in a plane

shRrallet toamaunting }é%ﬁ)ﬂgﬁ‘% elagtrical canitphaRvigE NG YOKE cagacitor

adapted to mount the electrical control device in an electrical box. 10
ahbeantennaaed glatendljnatainthestoam axisiof the firtradiating loop is
substantially parallel to the plane in which the yoke is disposed. 7. The
antenna of claim 4, wherein the first printed circuit board of the first
radiating loop has a slot therein, and the second printed circuit board of
the 18.secorthfewdttoop i disposhdvincacplatie faxpendibultivtonzeplane in
which the first printed circuit board is disposed, the slot being sized to
crEpEiiAe aadmespsBAben el atrsabprintel ire sidoark: dteseeoddind said
printed circuit board being received in the slot. 20 8. The antenna of claim
oap3fieretn e et AlcRAIPRPRIYS rdufesid metadanerbeyd shunsserhe metal
disposed dlgfine distance above a mounting yoke of an electrical
n?:%ﬁh%ﬁ 880 LR Substantially parallel to a plane in which the mounting
yoke is disposed, the first conductive member being separated from the
yoke at a portion thereof by said break, a dielectric member being
disposed acr, 25 the br forming said capacitor. whereby an .
electr?c‘a(?dl cur’?é%r?t %Iég%he xtl)réalrﬁﬁéqcé% ig:’L %n\%%glgle ?lls%%nﬁ)res% fa |§ﬁ}r11%mcaﬂy
Qe cemyising saig first copductive member, said capacitor and areas of
said yoke adjacent the first conductive member. 9. The antenna of claim
8, wherein the first conductive member 5 comprises a metal member
electrically coupled to said yoke at one end and said

11. The antenna of claim 9, wherein the metal member is integrally

formed with the yoke at said one end.

12, The antenna of claim 11, wherein the metal member is stamped from
said yoke.
13. The antenna of claim 8, wherein the capacitor is clamped between

said first conductive member and said yoke by a clamping device.

14. The antenna of claim 8, wherein said capacitor comprises a printed

circuit board dielectric.

15. The antenna of claim 14, wherein the capacitor comprises a printed

circuit board having a metal layer on at least one side of the printed circuit board.
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capacitor is disposed at an opposite end of said metal member between
the metal member and the yoke. 10. The antenna of claim 9; wherein the
metal member is mechanically 10 fastened to the yoke at one end. 11.;{ oyp wisE
The antenna of claim 9, wherein the metal member is integrally formed
with the yoke at said one end. 15 12. The antenna of claim 11, wherein
the metal member is stamped from said yoke. 13. The antenna of claim 8,
wherein the capacitor is clamped between said first conductive member
and said yoke by a clamping device. 20 14. The antenna of claim 8,

wherei said TRpasHen £OBIRIISES & RIiR GeWL LAt dielsS iontprises a
The antenna of claim 14, wherein the capacitor comprises a printed 25
ceir¢uittbeathdeavirgad meiati yferandideasiene side of the printed circuit
board. LLOYD WISE 25 16. The antenna of claim 8, wherein the second
feed loop comprises a conductive sheet metal material formed in a loop.
5 17. The antenna of claim 8, wherein the second feed loop comprises a
metal frace forpsenbmasprinttdre) G uithsoein th8 secaathistel dontrob devises a
adapted to control without a wire connection, an electrical control device
%ﬁﬁé@éﬂ@@%ﬁﬁ@ﬂ@ﬂ%‘l%ﬁ%‘@é\%@the remote 10 control device
comprising: a control circuit; a transmitter and/or receiver in
communication with the control circuit; an antenna coupled to the

transni'gt_gr_ a d%grrn roectéecigetrr,. t]w%e%nteen%gﬁ%dgﬁted to L[{Cansgit a first sigr_lal ‘

at a specified Tequancy 16 €aff BIEC ARt SPBEVCE HBORH @ SFFESaRRection,
of BReORT.Y ALt G RPESHIRE I W DLIRTAUR FREIRASEL IR romote
control device comprising:

a control circuit;

a transmitter and/or receiver in communication with the control circuit;

an antenna coupled to the transmitter and/or receiver, the antenna adapted
to transmit a first signal at a specified frequency to said electrical control device
and/or receive a second signal at the specified frequency from said electrical control
device;

wherein the transmitter is operable to couple said first signal from said
control circuit to the antenna and/or the receiver is operable to couple said second
signal from said antenna to said control circuit;

the antenna comprising:

a first radiating loop of conductive material having a capacitance and an
inductance; the capacitance and inductance forming a circuit being resonant at the
specified frequency, the first radiating loop transmitting and receiving radio
frequency signals external to the device for controlling power delivered to the

electrical load;
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wherein the transmitter is operable to couple said first signal from said

control circuit to the antenna and/or the receiver is operable to couple said

second signal from said antenna to said control circuit; 20 the antenna LLOYD WiSE
comprising: a first radiating loop of conductive material having a

capacitance and an inductance; the céﬁacitance and inductance forming

a circuit being resonant at the specified frequency, the first radiating loop

transmittiag, AR L8 G640 AR HEGAYSNGY; SIGNAIREXS ALK e, JEWGE e
for controlling power delivered to the 25 electrical load; LLOYD WISE 26

80N fers lepoafheansiriiva mate il baviRg i endsiRdaptas Lo any

electrically coupled to the control circuit, the second feed loop being
oslipsiaptiatiyatinlyomsignetically coupiediteisaithiipstradiating loop; and

said first radiating loop and second feed loop each having a loop axis, the

5 loopsaikiet thelfasneadiatingdoepoaddsechog teet loopheindop axis, the

substantially parallel or coincident electrical load; said first radiating loop
lagmdegee on dhfe édsovpliatmintpepsimglseantehirad dordinetindaic tewite

for controlling power delivered to the electrical load. 10 19. The device of
paraheher saHsedasmlssEiig depdctuator coupled to the control circuit;

said contro| circuit responsive to_the actuator; wherein the first signal is

transriftteditst EEaE e s sreaevitiserlosnisraeon f iy aREenna

electrical.control device thereby to control the status of the 15 controlled
T BRI 9B 1 eI EE S e AL Tt Gt e ekdoe

ajneal

BtHEaI'aeit
indicator coupled to the control circuit and responsive to the control
circuit; 20 wherein the second signal is received from the electrical control

devicq or ingicalingia SiatS A i canYise slgsiical device.
an actuator coupled to the control circuit; said control circuit responsive to
the actuator;
wherein the first signal is transmitted to the electrical control device for
remotely controlling the electrical control device thereby to control the status of the

controlled electrical device.

20. The device of claim 18, further comprising:

a status indicator coupled to the control circuit and responsive to the control
circuit;

wherein the second signal is received from the electrical control device for

indicating a status of said controlled electrical device.

21. The device of claim 18, wherein the first radiating loop of conductive

material comprises a break and the capacitance includes a capacitor bridging the

break.



10

15

20

21. The device of claim 18, wherein the first radiating loop of conductive
material comprises a break and the capacitance includes a capacitor
bridging the 25 break. LLOYD WISE 27 22. The device of claim 18,  -LOYD WisE
wherein the first radiating loop is electrlcally isolated from the second

feed loop. 5 23. The device of claim 22wherein the second feed loop is
substantially at line voltage potential. 24. The device of claim 18, further
comprising a display for displaying the status of the controlled electrical
device. 10 25. The device of claim 21, further comprising: a housing for

the copgrollaliiycapeidctie Aevcos, Wﬁe@@ﬁi"@]&ﬁ%‘ﬂ&éﬁ?&tﬁ@%@%lectmcally
and/or receiver, and the antenna; and a support yoke coupled to the
ifwdasiddon fdstentogdhfesl@ctiical control 15 device to an electrical wall

box. 26. The device of claim 25, wherein said yoke comprises a metal

plate substantially coextensive with said housing and having mounting

ears extending therefrom for fastening the yoke to the electrical wall box,

said afdennalbeingAcedis plosed28n wheoeinverdisetacid desdriace isfssdistantially

oke. 27. The device of claim 18, wherein the controlled electrical device

%&’rﬂﬁi‘f@%%‘np@@é’tﬂéliamp LLOYD WISE 28 28. The device of claim 25,
wherein the antenna is disposed approximately in the center of the yoke.

29. The device of claim 25, wherein the first radiating loop and second 5

feed Iggp comprise print d CII‘CU the first radiating loop being
dlspos%eid onqg?pramfg cwcué}lgloiﬁd %8%8%8&6 @ﬁ%”lﬂ&ﬁ%rd?fﬁ@ymg

t¥Q Ié?at%rs]do esgocn rglled electrical device.

25. The device of claim 21, further comprising:

a housing for the controllably conductive device, the control circuit, the
transmitter and/or receiver, and the antenna; and

a support yoke coupled to the housing for fastening the electrical control

device to an electrical wall box.

26. The device of claim 25, wherein said yoke comprises a metal plate
substantially coextensive with said housing and having mounting ears extending
therefrom for fastening the yoke to the electrical wall box, said antenna being

disposed on an outwardly facing surface of said yoke.

27. The device of claim 18, wherein the controlled electrical device

comprises an electric lamp.
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feed loop is disposed on a printed circuit board disposed perpendicular to
the printed circuit board containing the first radiating loop. 10 30. The
device of claim 25, wherein the first radiating loop is formed in part from a
first conductive member disposed at a defined distance from the yoke
parallel to a plane of the yoke, with the®8reak formed between a portion of
the first conductive member and the yoke.

LLOYD WISE

28. The device of claim 25, wherein the antenna is disposed

approximately in the center of the yoke.

29. The device of claim 25, wherein the first radiating loop and second
feed loop comprise printed circuit boards, the first radiating loop being disposed on
a printed circuit board disposed parallel to the plane of the yoke, and the second
feed loop is disposed on a printed circuit board disposed perpendicular to the

printed circuit board containing the first radiating loop.

30. The device of claim 25, wherein the first radiating loop is formed in
part from a first conductive member disposed at a defined distance from the yoke
parallel to a plane of the yoke, with the break formed between a portion of the first

conductive member and the yoke.



