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Background of the Invention The mmjori T circuits Iaqéﬁé

ceilings of buildings are twn-core (immmmmme"WmmEnd neutral) wirings. In
addition, twin core wiring is often used fQg connecting wall switches to
the above ceiling active conductor and to tEe active side of say, a ceiling
| {ght fixture. Hence, typically, a neutral conductor is usually not

available in wall switches 10 below ceiling |l evel and consequently, it is

\rll\lﬁt straightf rd the haryestingo poweg 4i N |1 swi fgch outlets
ere there i sfgn ﬁw(!nth mt@ﬁe | switch
'y adiTferent us.

outlets are signiticant rom power outlets where t e core

wiring brings | vew gn€Ulr al and eagth cgnductgrs to e power outl et
it The preswitCh-modetechnology .. o - -
make DC harvesting of power fromthese 15 outlets a trivial cedure that
has been reported nany tinmes over in the literature. In contrary, the two
wire wall outlet scenario, where the neutral wire is absent, require
switches to access the neutral conductor from behind the AC el ectri cal

:oag_. Therefore DC harvesting in such scenarios have to consider the

oadi ng si i - g- s making the whol e DC harvesting process
non-trivi pégw Id“vol tage across the 20 AC electrical |oad (and
therefore across the DC harvesting circuitry as well) is different when

the AC electrical load is "On' and when the AC electrical load is "Of. In

addition, , s AC el ectrical,logds are,resistive (incandescent |anps) with
di mmabse & aggpmrpélr‘Gtﬁgrﬂ‘@ﬁ@\(ﬂﬂilz@n/e (fluorescent |anps, ceiling

fan) and others, capacitive (energy saving |anps). Therefore, wth the
pl et hora of [Jhssidjéresy A€ witieg cireuitsilodatediabove agilingsrpfhwildings ars twin-ogre (e

cel 1119, COUR! 20 MLLL) WiShdRORSIdAidn! toih/dBle Wilinh W5 Aiusth Bii!cohiddting Q@S are
switches to the above ceiling active conductor and to the active side of say, a ceiling light
fixture. Hence, typically, a neutral conductor is usually not available in wall switches
10  below ceiling level and consequently, it is not straightforward the harvesting of DC
power in wall switch outlets where there is no neutral conductor. It should be noted that
wall switch outlets are significantly different from power outlets where three core wiring
brings active, neutral and earth conductors to the power outlet point. The presence of both
active and neutral conductors in power outlets make DC harvesting of power from these
15  outlets a trivial procedure that has been reported many times over in the literature. In
contrary, the two wire wall outlet scenario, where the neutral wire is absent, require
switches to access the neutral conductor from behind the AC electrical load. Therefore
DC harvesting in such scenarios have to consider the loading situation as well, thus
making the whole DC harvesting process non—trivial. For example, the voltage across the
20  AC electrical load (and therefore across the DC harvesting circuitry as well) is different
when the AC electrical load is ‘On’ and when the AC electrical load is ‘Off’. In addition,
some AC electrical loads are resistive (incandescent lamps) with dimmable states, while
others are inductive (fluorescent lamps, ceiling fan) and others, capacitive (energy saving
lamps). Therefore, with the plethora of possible AC electrical loads that can be fitted to

25  the ceiling, coupled with the possibility that various AC electrical loads are connected in
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*@00001* 9/12/ 2005 parallel and controlled by one wall switch, it is indeed
non-trivial for any DC harvesting circuitry to provide DC power _
consistently, stably and for a protracted I ength of tine. The hacrf%é%/{&m} of
DC power fromtwo-wire AC wall switch outlets is particularly wuseful (and
necessary) in residential/office automati on systens where the wall swtch,
5 besides allow ng conventional manual (or |ocalized) switching controls,

al so provide renote switching controls so that the user is able to actuate
the vario arac‘ﬁé?taﬁéc trdlleli 'bgz)tn WalDSHICR, # Y4 FdeddhonHilial BirEhy D@havESHR! ©
controller"unit lTocated so gh stance away from the svmtc?;. lrrespective
of the noderadtryorpededs DEgrmwen icomsistantly( $bly padifay afprestpgteddsngth pfitime.
(infra-red) or Utrasonic), DC power must be generated at the wall swtch
to provi de 10Tipohevesting of HeC wowet Gom twoawse AW evallagwitcheounats| is paiticolarlyo be
able to co icafje wth the wreless transceiver at the renp .

cont r ol | er UseRl (PR PesratAr B inggsi ‘Fn“é’\l/(i)&f’fﬁia}‘fgm&ag’ﬁflrsgftgmﬁawx}]ereafhseow%lg S‘évhtf)}ﬁiorted
be i nclyidi pigiREGbvRALorVRNESRD hdnuaiNtor | 16¥aizEd) Srikcharpnt@tiolss @bdar ployide
radar/tenperature sensors where it is clear that al] of these SEnsor

devi ces al s@otesitehingeontisliner thataihe er is @Bleds |aglups the Jerays St i ﬁ&hz}
battery ceflgdQih b?lquf Dift§ vRG RAWRE citfiroliBEuntO108aEd sonid 3i§ttancevy%[§{éﬁfrérﬂ' S IS
possible, TT I's nonefheless’ nore cost effective to harvest the power
from t he ABeewittlertredpectivefdfohsmbir ofirgieledseomamunicatipn GhF (radip diegrenchip IR

devi ces. | recent .tines.as |1, DC generate rkent . he. r jyed to
be as_hi gh{}%@ fs‘i%‘i Oﬁ)&hffﬁsméﬁp}?gﬁ"‘{’?{emt‘%qa SPITSS Ef)n%{f t&%cv{%lf;%‘%g?l g’oﬁ@k”d’e

auxi li gy y fwdrGod ihatvaHlexs @Ensdeivet/af the GAlIRWiIlCE 1@ be ablitpconmuficaBOLtHR ec i p) .
20 Two-wire switch circuits with DC harvesting capabilities have been in

exi st ence Viselessrigrnscaivrarit S spagtescqnirpliers Eéfﬂllt’éf"éﬂétt‘f’éé’:f Sg’étélﬁlpéﬁ??trq}%maé(xarrpl e
In K pat e:ﬂ{;o ﬁ)é]sn?}g%r{ean e gﬁc[%ir%’]"a&&@orﬁ!l ieetiforill el PRAd ciiAdIeddrity/l ac as

the AC supply sw arvesting circuit consisting of a half wave
rectifi er,radarthmpeeturesemsarsiwhesenitisarlaao Hiahglé of thespdensor dgviedsratsgi require BRsur e

h h I h h ' | .red DC
i TweP T aNePEE R e RedPaDaceln | R DfuPue B

pover egs bywhl §witéh. 'Wkikehis 18 Possiblé; W ik hpnethdless afort best kfedtive 30 haroest ierDGhose
purpose is to receive and interpret three types of ultrasgnic slq%ggjas (Dim

Up, Di m Domawerdiomoitie)A€ curientahatdonisehioysh th Wall swighdlo pOHEF FRe eyt to
generate pul§e%inMII .S DieEenetdi& Edrtedt nfa§ be required to be as high as 30+ mA to

support the transmission function of some auxiliary RF IC (integrated circuit) chips (e.g.
Chipcon CC1000 RF chip).

20 Two-wire switch circuits with DC harvesting capabilities have been in existence for

more than 20 years [1] (see References section). For example in UK patent [1], a two-
wire switch circuit was disclosed using a triac as the AC supply switch and a DC
harvesting circuit consisting of a half wave rectifier, a charge reservoir and a voltage
regulating circuit to ensure that the voltage of the charge reservoir does not exceed the
25  desired DC limit. Two DC powered IC chips were incorporated into the system and
powered by its DC harvesting circuitry. One of the IC is a receiver whose purpose is to
receive and interpret three types of ultrasonic signals (Dim Up, Dim Down, On/Off) from
a remote controller. The other IC is used to generate pulses which actuate the triac to
obtain a desired on/off/dimming level. In Australian patent [2], a differen.t 2-wire circuit
30 was disclosed where a triac is also used as the AC supply switch but with a markedly

different DC harvesting circuitry consisting of a full wave bridge rectifier, a DC charge
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obtain a desired on/off/diming level. In Australian patent [2], a
different 2-wire circuit 30 was di sclosed where a triac is al so d S_L/he
AC supply switch but with a markedly different DC harvesting ci F@Zlﬁf”
consisting of a full wave bridge rectifier, a DC charge 2/21 reservoir and
associ ated DC voltage regulating circuits. In UK patent [3], the use of
opto- couplers was introduced to inprove the isolation and stability
features of another two- wire switch circuit. In Australian patent [4], the
two-w re savetvolt sidacdooted DOcoitpgy repedtivg cikdOBEHR [ﬂé‘patpet [é$ thmeseAﬁosthpl y
switch. This is a S|?n|f| ant. de ar%ure from

circuits RAIRIES Jaassinfradnced it dmpggve d ?lfstolﬁtlppr‘?ﬁga%bélﬁﬁf %’ure& #€8°tp?f\é\ew%/f)sFET

can only GRRAWRIchCUEhieNh ARutiéh sHidR 4], Bfe twalwied SWitdtodipR6dRd ihdaporsted ay
(which can conduct bi-directionally) is also incorporated into the

circuit. M@SREBREYceasdhe AG seply spigh.cBs iea gignificant depsrturtedemfegistpat i on
corrparg i i@g%&hieag\{vﬁ%s%grcﬁ%sr GHlidES v V\?_lé_béﬁ?vt?iﬁc p&%nt‘i’élﬁﬁ% &?tﬁgglyOfSﬂchthHse of

arela wear, noise ( he f el ay swt
magnetic M@SEEBmahlyrtgmﬂmmutrhﬁt inednaydirectidn, (amm@tronagchcmgdeebmﬁwhwh

interference). recent, Hong Kong S peci al dm ni.s i i

Pat ent [5Fa% GPndé‘Cf R diRptionakhy t’ét?lso\/\l“tcﬂrp&i’ ?fgm}%é ﬁ‘é‘“ﬂtapLJ[[ Mbng Eiﬂgﬁgo uses
an el ectrQ;pHRe pﬂ\@'aﬁ adsult§h %&%@aﬂiﬁ%aﬂ@ﬁ cbfBared iy trieIPakell difdhits. (HegevegVi Ce
to control the AC power suppl Four el ectronic switches _cleverl y ar.ranged

enabl e t héhecdisadvantagd oﬁthguq;eeq) elayris genisit yeak naise pubey the selpnevikhedsad. 15
H0vvev§p &}peemc lefid 'ftclci é}n{] %]an %@%l‘é oxﬁ)wg%ﬁnf]g%%bge ﬁleCihtreH‘e'ﬂehée) a)qd a

curre AhSF rmar arv |s of f (hi
i rrpedance rédefit Hyng Kbﬁg SARsQSpbcnald@ﬁmmmtwé ReglompBa‘tatté§] fova M@%Ects“mhpomer
Wien the | oad_is ce st at current tr sforrrer and
the secondiBy P@g]éar}’%flg FPIéarbﬂéHeé el‘fef (9nh°i 8 %nf%lﬁpa 308% not

stated Ii '3}1% ?JIG)QPET fn@f trla0QeFick %‘ b&nti'di' tl[\é]\O povéty Quppsly. [ Ftfur @lectr6iit sivl’tétn:sf or mer
(for harvesting 2 power whe | o i's “on' Si nce the current

t r ansf or metevedy enmwdtee@blc ﬂles@mrrebofﬁhﬁtrﬁa! fos sppriting e Paw# iathoACHead ur r ent
t hat h st ed C
at qan be. Ly 8 SHLMShIG LS WS Bz 1LARS GLURL adPR Bt HndBind

| oad. e range®aroun M\ 1S poss
stated int&lhabubt DiQybewen avheas thejoadois &fé (hight infpledancthitate)ralre fiesti bradgequat e

for powering RF transcejvers_|jke the Chi CCL000, 1 C tr nsce whi ch
requi re 3@cPdichpPYRtes it g@?’ P?Y’%Fn?%hef‘ttﬁﬁg")ad BArfBt Rlé’P” Hﬁl%@ o2 g“ge f a
pure rel ay,3uiERLRIME dfdbhé sedohH riligd refchﬁ&* ardu§ A0 thalMeSiBT potvet. 0RO | S
that since the relay actuates relatively slow
the stated limifations for the circuit in [5] is due to the current transformer (for harvesting
20 DC power when the load is ‘on’). Since the current transformer is connected in series
with the load, the amount of DC current that can be harvested using the current
transformer depends on the AC load. Harvested DC current in the range around 20 mA is
possible [as stated in 5] but higher values may not be suitable. This may be inadequate
for powering RF transceivers like the Chipcon CC1000 IC transceiver (which require 30
25 mA or larger when transmitting). Another disadvantage of a pure relay switching circuit
like [5] (i.e. without MOSFET or triac) is that since the relay actuates relatively slowly
(in the order of tens of a millisecond) compared to an electronic switch like a triac (which

switches in the order of a few microseconds), it is highly improbable for such two-wire

switch circuits to provide dimming capabilities.
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(in the order of tens of a mllisecond) conpared to an electronic swtch
like a triac (which switches in the order of a few mcroseconds), ‘
hi ghly inprobable for such two-wire switch circuits to provide di rQT/h%i?Oog
capabilities. 3/21 9/12/2005 2 Specification 2.1 Bl ock D agram
Specification The current invention discloses a newtwo-wire switch circuit
with DC harvesting capabilities providing DC current to as high as 40 mA,
which is nore than sufficient to 5 power RF transceivers |like the Chipcon

CC 1000 a ' control circuitry. The current invention
utilizes ?%b@qﬁgléégﬁ*ﬁol ling AC supply to the AC | oad. The use of a
triac also allow for dimmng functionalities. The current invention is also
scal abl e er (" . s can be controlled using the sane
base ar chiz)@ WCW&M%@E&%Q@% addi ti ons. Perhaps the nore
notabl e differen r lanvsent. qﬁ},‘&r ous
art [1-5] is thate ?’#rﬂqmﬁ&%?dlsh@%&ﬁ?& ﬁbn mggg%g&gﬁﬁﬁmtéﬁﬁyb% |§ %1

swi t ch- nodepztbﬁildﬂb@(plr@sgj&ng@(aehnweo tab highGs H@rmaAs hity ipmocethen shffickdnotd d be
not ed that swi §ch-node techn y t hod of sta ilizing

ener gy st GP¥E! k%ﬁrapﬁ@v&ﬁalﬂl@ee?'?gg’&c\? C%}%baéf W 231t QER TS (‘J‘Hﬁ'l“tréﬁc'[{}%l t age
regul ati Orauﬁbxttqmén%on lﬁﬁﬂ@és' ¥ triY for"‘éﬁﬁtt@flm@ ACSUFIPlo ih AC1da8STHE Lk 6 Zener
di ode, switch-node techni ques break the current 15 charging path, allow ng

t he char gdrizeeglsp valiow ey diagmingofimefionsalidieneFhsy éursf@t tinygaption if rpdso éq@éabéfr ng
current p gggrp n
sw t ch- rm%;ﬁ‘l'}k%g%éﬂ? lwrftgézfogr"X ?eﬁotsaﬁ%lvﬁ% cogﬁ ﬂ act °an n%ht&cgﬁpéctgﬁré (t:}i[ ors
are avai Insibingal, cotﬂpaytexaraidetnscBenhmpﬂ ;heempfeo;x«adble ndifférentiating Wiacter smiithe h
scenari o where .t he utral condugctor. can_only be accessed indir

t hr oudh aﬁ“ﬁ@tll’b‘éf'&“% QB RGYipuy f]s%‘é‘:}tﬁﬁt ?{'8““ OB ﬁseusﬁrofg&%bg art
listed inchicah HaRhGhHeREnMdIHy to&dhiev@StHO D@MRE ebling PratseSlti shguld be

nmet hodol ogy is switch-node. Experts in this art shoul'd also be fanmljar

that sw motvdrtbedewmm\aémhmlggziSrmt}tesmaﬂ@d@éptab\ﬂlélnéﬁhqo%@t}@igﬁ@wﬁﬁxbher
current b"llxg 112'cha | §Qster\%9ohﬁteaél f%?r] i g@cﬁnafi es ) é@%?ulta{z@rpmi’éﬁ ¢b %?@Ml at ed

DC harvesting o ure diagram f the
current i magrrtifla(msmt@ﬂat mtiemgmhfa Bene? Qiodeoswitchemsdsi techniqies bmak tHeocurrent

contr ?l‘Sl | n r%lnggpath pgﬁ)sweiné c:he( ﬁu}rgé I?’cieasteirvrcl)?r \%itrargg Qt[) )deSI%%p{)cyfbrevée?ting up the
charging current path again. While switch-mode methods are commonly employed in
switch-mode AC-DC transformers (where both active and neutral conductors are
available), they are not commonly employed in the two-wire switch scenario where the
neutral conductor can only be accessed indirectly through an AC load whose voltage is
20  variable. None of the previous art listed in [1-5] has claimed that their associated DC
harvesting methodology is switch-mode. Experts in this art should also be familiar that
switch mode DC harvesting circuits are capable of producing higher current but are also
cooler (less heat dissipated) than voltage regulated DC harvesting circuits.

Figure 1 illustrates the block diagram (S;) of the current invention consisting of a

25  two-wire switch circuit for controlling single phase AC (Alternating Current) supply, via

active conductor W,, to an AC electrical load L, (e.g. a lamp load) where the neutral
conductor W, , is only indirectly accessible to S, via AC load L, . The S, block

diagram consists of several key components as follows:
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active conductor W, , to an ACelectrical load L,,c (e.g. a |l anp | oad)
where the neutral conductor WN, is only indirectly accessible tg SB via _
AC load L,C . The SB block diagram consists of several key conpd@ n2¥2§§5
follows: 4/21 An electronically controlled AC switching device in the
preferable formof a power triac T which is connected in series to the AC
load L.,c. A bridge rectifier circuit BR, connected in parallel wth power
triac T, whose purpose is to provide full-wave rectification to a DC
(Direct QUr rgntciafidgst dongoliéd 8d swilthiny deAiceantthepteddrbide dbrar of apbweswi t ch
SE , which enabl es/ di sables chargin urrent flow through the charge path
resi stor R,t?“%ﬁ“@ﬁ*ﬂéC@H&F@éﬁ@ﬁ%@ﬁg}ééAﬁﬁgae fge reservoir capacitor C,

The el ectronic switch_SE, or re speci.fically,. - r g5 W SE,
form the badh BidF FRENGe0H b aerEeend veatr iyt BXvasTags e Shisti °be
noted that ;cRNWERYEANRWaVOldcatEtioRGoh BIG (M2t Catrtkity hamestingicirguitry eak down
zener diode 10 conponents are absent in the current invention. ﬁlﬂ“f

er IC,

contraos | es ukiconiBy]ableeleeieniplswitch s 8 FEghPPmablesilisshies £ has2ihes CHEHY

or ASIC (application-specific I1C) chip, which formthe heart of system
for cont roltﬁﬁoﬁgh e CIRTES BN TFSISIRT RonSoTa% Iy chate”’ %ﬁ%ﬁ g‘g-cgl\?\%gtecrﬁse .qr The

controller unit . r l.og Lt &B DY Eicbd-svARdh S LS
behavi or is Cé‘%ﬁ“i"g{}{rta[@‘ff?eéw 18% &@1 Fﬁ’?dgggﬁggg%?f\}\%%’ means org har dwar’a
nmeans. | n adgid basldsithe tRithiemdae Der el esting Geshpplegy. it tHousd bd pated thane
vol tage conparator input with a voltage reference (nore, details provided

| ater). Contoooventioghlc vadiigeli megulatingu cagpits einyPIitfe dPTeREd Mo L7 i fiode
categories and i i i . of inportance: o Logic to ensure
st abl g6DC hacrogqé’gP?rhggr(eﬁ@f%?ﬁﬁ%gﬂﬁt?@%ﬁ%?@ori ty logic PLDc 20 ensures
that at abl A icHRSollestuahl €U arst &uafnples e 805 IDPIG/AMRabasei sninm-eontipherdConr t he

positive DC Rail (VvVdd) with respect to the rqund rail. (Gnd T

mai nt enance ASIC \appligaiden-greciiss Egticéﬁ’b v ch%"gnﬁv gFﬂ‘giQ{e&FoFQSE@ gt%f)m DC
needs but al ; | HAESH-SAEhWY. The Gaitralles Gnibe
connect ed be%&géﬁln%éﬂngdéubgﬁg’ﬁﬁgr@qgggtr{r%jljg?ci iri;géll-:i gure 1, ; RF (readilo
frequency) To@R¥mPtHe WorhBEid bethk Batieh ¢ireyit ated/its belaDidriis carifigurabbmeist ed t o

Vdd and Ghd to provide the transmitting and regcelving, i.nterface.for a
r enot &5 cont rirqugh qgﬁ]w[arq)ﬁ'ée,aaq OF hardware eans.dln acfd?tlon, Bu'i8 5 ve pr%feraﬁ)ly

equipped with at least one voltage comparator input with a voltage reference (more
details provided later). Control logic residing in CU can be divided into four main
categories and listed in decreasing order of importance:

o Logic to ensure stable DC harvesting ( PLyc): The first priority logic PL,.
20 ensures that at all times, stable and sufficient DC voltage is maintained on the

positive DC Rail (¥,,) with respect to the DC ground rail (Gnd). The maintenance
of ¥,, must be sufficient to not only provide for CU’s own DC needs but also to a
multitude of DC powered devices which can also be connected between ¥, and

Gnd. For example, in Figure 1, a RF (radio frequency) TX/RX

25 (Transmitter/Receiver) device L, is also connected to ¥, and Gnd to provide

the transmitting and receiving interface for a remote controller unit operated at a

remote location some distance away from S,. To achieve PL,., two input voltage
detect signals, namely input DC detect signal D, and an AC supply zero

crossing detect signal D,., is fed into two inputs of CU to provide the necessary
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renote | ocation some distance away from SB . To achieve PLDC , two input
voltage detect signals, nanely input DC detect signal DDC and an AC supply
zero crossing detect signal DC, is fed into two inputs of CUto pr@ | e zmgf
the necessary 5/21 9/12/2005 voltage information for CUto perform
coordinated control of T and SE via two of CU s output control signals O
and ODC . It is noted that coordinated control of both T and SE is

requi red because when DC-charge-switch SE is closed (to enable the
charging of capgghdedhfdemation IR fd Skfolm PSR ILBARAGS (Tind s, iR@MRBEE) SO
that 5 charging current can flowinto the charge reservoir C~ (rather than
to LAC ). SinceUthmtmhavgirsigsigfalsCo, and 0y, s. It éy yotbd ghat cbedmatddagontrol of
mllisecond), it has little effect on the AC supply to LAC. o Logic to
control AC suppreth Eerd Shisrequredcberausy dien Boshargsrsvaicht Sy i slpsed @p prables
handl ed by CU l.ong as.there is stabl e _and sufficient DC voltage.on the
positive 10 D?%Alafgq’%%%‘iapw{"ﬁ Cﬁbé{bee S ZnishBe pREng @ﬁﬂh"’?paﬁiimc(eg%h?p PLAC

i s achiceved by r Qi i f cy to
whi oh Sont ol STesREE GreRPdh Bl 0 R el ) Y
LAC, the tri ac e ¢far@ag BACEOcdudd vy fhxalesswhanl infifisdcnd)] it Maxlimereffets ght ness.
To turn LAC 'off, the actuating signal on triac T is renoved so that triac

T is in high-itiped@rsopplytmi, conducting state. 15 o Logic to handle

Soft-touch switch actions (PLs,,ft): The third priorify logic PL3 is to
handl e | ocal PzddgéPtoRIrAGASnarab i § (Ree ol terewligrontRdogisePlos 1% sof t -
touch push-button,sw t SS as_illustrat.ed | L:Qur | i d

sui toh' wher abyrigd B EC 8 et al thels T ENEARL S B ot dnSfe Boglils

physi qal cont a@iC Rail (BQJ Witk \wespedt tb keeDSgrdund eahn(@el.erl | ds aohtevell b sst i nput
port pin. Therefore, SS act 20 |ike a sensor or detector to CU for CUto
sense t he pushobgente legie ik Uawhichcentnad|the Gequenesotor wkich ceptol stenah O} iy

signal to actuate the AC |oad, LAC accordingly. Wth e use a
Soft-swi toh || EBTEEEd KaRhals TaF ot exagite, Qi tics tHACHADASS E%Hatﬁfﬂafeééh?neved

with just a singl ush- ! : I ficakdy el At i1.th the
current i nvent iqvglﬁfﬂ: %Z%?P&%%ﬁ@ﬁﬁﬁgggé%nﬁgﬁﬁﬁ %‘Qi gkfi’&hgggt?g&%égﬂael%q he
soft switch Ss i PiseeReebdWolthat3risdPistin Riphtkipedance, non-conducting state.

15 o Logic to handle Soft-touch switch actions ( PL,): The third priority logic PLg, is

[

to handle localized switching and dimming functions through the use of a soft-

touch push-button switch S, as illustrated in Figure 1. Unlike a hard switch

whereby its use necessarily mean the closing or opening of a physical contact, a

soft switch like S, is connected to one of CU’s input port pin. Therefore, S; act

20 like a sensor or detector to CU for CU to sense the push-button action and |

translate it to the right actuating signal to actuate the AC load L, accordingly.
With the use of a soft-switch like S, several different switch functions can be
achieved with just a single push-button assembly. Specifically, associated with the
current invention, PLg, contain

25 *  control logic to sense whether the soft switch S is pressed with a short quick

action and this is interpreted as an on/off command, and

* control logic to sense whether the soft switch S; is pressed with a long

persistent action and this is interpreted as a dimming command.
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action and this is interpreted as an on/off conmmand, and ” control logic to
sense whet her the soft switch SSis pressed with a Iong persi sten n
and this is interpreted as a di mmng command. 6/21 9/12/2005 o Logéqﬁﬂqzwog
conmuni cate and interact with Auxiliary DC Device(s) (PL,.): The fourth
priority logic PLAux , nmade up of the remaining processi ng capabilities of
CU, is used to communicate and interact with auxiliary devices. Sone of the
nore popul ar auxiliary DC devices nmay include | R radar/tenperature

detectors, 5 Joygsend c@%ﬁﬁic‘&fesancprmtje;‘aghtvztytelﬁzh BESHEJideYs) d(qiLeCB .Offge  FOr

exanple in Figure 1, a DC wireless receiver auxiliary devicCe S

illustrated. Af foelrthrlmtmtyﬂdg@c RE,,. .onadeainslsf tieoridaliing prootsinpocupaisilitiey of t he
TX/ RX device LDc informs CU of the comands received. Subsequently, the CU
actuates the tr§|U@151“8‘?)b*@mmml@dtﬁyarahmtera%Wmthlanfcmarvsdetvms'ISQ’HR)Ofde/mom LDC

to transmt an n ack 10 te contr Si nce
the first pri or?@ﬁﬁq%ﬁgggﬁ bé V%Cﬁg) 8]tu Fi gf/fatdﬁrv%fn(gafa r?’L&%eq?%rs
directly rel at enhot/mnd:melefcctecp,leﬂtightdéveﬂ beSe%&chyorlecﬁ exxap16Gn Fzgure Whi | €
PLso is only neegls on are occasi or \/\@Ei n a, usﬁ is _using the soft swit ch
S,), a significhnt-pdit 3651 Bier{he? i@éé Vifg dsaplRiedy ‘%fferséFﬁelvélglkoM-lz
CU, can be Use&ﬂ@aﬂmk%ﬁmté SnBoRG! HRNEXRBDHERe @ mx'llfci]rhlts% oPlhe

auxi Ilary DC devi ces. 15 Several nore isSues I n regard t< two-wre
switch circuit cm‘nmﬁargisrreceivedr suhsqu@tly,uuhe |G Bctudtes thexap Meppbriataiyt dndl

ip QU S noe. COPFE TIOED ke VB AR Lied| FEBHLAeR P S e FRET P AR Ol
ot ovi d% more gt‘iw (BRI e ARRRR Do ter BRLPEHeoREBUST
i nportant char aegRrPS} 116 dRbctBOrelai feUnk Cferetqtlé’ﬁcyaéfi s d @ﬁp;ﬁy,sx@%%osﬁé‘r t- UD

of the current invention. Théreafter, details of priority logics PLDc and
PLAc are provi delild &L rsrmlnbtmcﬂétborprasé ocoasiors @vientaaiskrid using ekl doft switch

Speci fication Figure 2 illustrates the details of the preferred enbodi nent
of the current Fyyensigndicant pwtiorat theqiroeezgihgoaability of bey, & dRI M#zr@U @hat i ons
are introduced as follows: 25 VCl,mn : The m ni numoperating voltage of
CU, as rec omrer‘hfe‘&e‘g? commucate, a@tp@pfeqrnd coptrol a multitude of auxiliary DC devices.

15 Several more issues in regard to the two-wire switch circuit of Figure 1 are still

unclear. For example, at initial start-up, charge reservoir C, is empty and thus is

incapable of powering up CU. Since CU is not powered up, it is incapable of actuating

control signal O, to replenish the reservoir capacitor C,. The next section provides
more details of the DC-charge-switch S, and explains several important characteristic of

20  the CUIC that allows for a smooth start-up of the current invention. Thereafter, details of
priority logics PL,. and PL,. are provided to complete the picture.

2.2 Detailed Circuit Specification

Figure 2 illustrates the details of the preferred embodiment of the current invention.
For ease of explanation, the following notations are introduced as follows:

25 V¢ymn+ The minimum operating voltage of CU, as recommended by its manufacturer, to

ensure a stable, consistent and predictable operation for an unlimited period of

time.
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ensure a stable, consistent and predictable operation for an unlim ted
period of "time. 7/21 V,U nmax : The maxi num operating vol tage of

reconmended by its manufacturer, to ensure a stable, consistent ané[ 7(2/2005
predi ctabl e operation for an unlimted period of tinme. Vcu,op : The

optimal operating voltage of CU, as recommended by its manufacturer, to 5
ensure a stable, consistent and predictable operation for an unlimted
period of ti me. Usually, VCU Op = VCU mn +VCU, nax and VvVdd- VCU, Op so that

if there ip anyrgl hgﬂhun??ﬁ/é?ﬁth%[\;o%gé Br EbCasec SRR %9‘4fs%n\4%tur&hﬁ)

oper ation 61”‘“CU I's not affecte he internal refefence voltage V,,f

used in the volchage aCRIMEr @dndiktehiuited preficRbleperatids Ut by uMimjtedpdfidd of p and
is internally generated within CU as long as 10 VCU, mn < Vvdd 5 VCU, max

V,,f is also afmbsol ute voltage reference and its value is independent of

vdd. The rgst . of tdb(?mga?t Eﬂaﬁg %)% n&tt@n% Ned té BhanBfciupd! R ng
,E\ suppl y

sections. 2Y2/’ 1 rihac actuat i CII’CUIt to LAC I'n Figure

2, the 85Ub Ci T ehre %Oéi'a‘ﬂlétdoﬂgist%t Rl reEiZtaBIEdoﬂS%u%HCfoP% QARPMREE peridd &F M 15
the sub-circuit for actuating triac PI' inthe first and third quadrant When

triac T is actuate rrerﬁcu;u“sﬂéddppll to,the LAc .
To actuate T i 5" g}égﬁﬁ ?Jf{‘hg AC curren cmrrent %% e?‘{é?*r a{ﬁaﬁ f‘%}%mrt %lggpat pin

O .,, causing optocoupler U to _ conduct a rmrrent ar at| ng vol age to turn
T on. As |ong ariatipayia thesDg sypRlgseyres V:udﬁhppé?ré'ﬁ%o We@ﬁa Hesietecti on points

MT, d ML h

condﬁtr:]t s cyzmlreﬁ?’et”%%@ﬁ rt%‘ﬁegg%%%('(gﬂatl ffd’is'?4 @%Q%X?ﬁpaﬁ%f%ﬂgﬁat 3{,\%" %& drops
t i | f has | d

Lo 7era (1o AR Tpoug) e haga camhaba) BOALE Gk 00,98 0k oyl o€

cond n n the next d f t I
requrrqu '? oI be ’Ja]lprm gg’d Sg’?‘t“é‘r u%;r& alsggdrnoa%??tgﬁ%&e%@%gg%g %gs {JA%QCS Esupplss 'S

For this purpo?r?deh&ﬁfeﬁ & e, AC supply zero crossing feedback 25 signal DZC
is used by CUto determneé’the right tinme to apply a gating pulse to turn

triac TorThekést 5hdeldetatied egiladtibivdre plaided in thedbll@dty seedogiucting, it is not
possi bl e to change

2.2.1 Triac actuating sub-circuit for AC supply to L,

In Figure 2, the sub-circuit consisting of R, R, and R; and optocoupler U form

15  the sub-circuit for actuating triac T in the first and third quadrant. When triac T is

actuated, AC current is supplied to the AC electrical load L,.. To actuate T into

conducting AC current, CU generates a short pulse at pin O causing optocoupler U to
conduct a momentary gating voltage to turn T on. As long as there is a potential !

difference between connection points M7, and MT, when the momentary gating voltage

20  is applied, triac T conducts current. When the potential difference between MI; and MT,

drops to zero (i.e. AC half cycle has completed) and there is no gating pulse applied, triac
T stops conducting. Therefore, for the triac to continue conducting in the next and future
half cycles, a momentary gating pulse is required to be applied after every zero crossing
point of the AC supply. For this purpose therefore, AC supply zero crossing feedback

25  signal D, is used by CU to determine the right time to apply a gating pulse to turn triac

T on. It should be noted that when T is already conducting, it is not possible to change

the state of T to be non-conducting (i.e. turn triac T ‘off’) immediately. Only when
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the state of T to be non-conducting (i.e. turn triac T "off) inmediately.
Only when 8/21 there is no gating voltage applied and no potenti al

di fference between MI, and MIZ , then triac Tis able to latch to @éﬁ’ﬁoog
non-conducting (i.e. "off) state. The zero crossing feedback signal

can be connected to a voltage conparator input of CU. If there is no

vol tage conparator input, any normal input port pin of CUwWII suffice as
well. Both 5 input options (i.e. either voltage conparator input or nornmal

i nput portapin). WLl .10 sense ther.. Dzc i s above or .bel ow a
pog iti \F;e vtc})’lgtegkgse%r %tcla eg@gggia%h{éerdo‘é" udf PPX:&‘E?), &lffebelnc%l;?ﬁﬁ’”c?ﬁ? r@@é“fﬂ @zﬁ’al to
V,,f . In : r i VAl ) | ¢S e PO ¢ I . whi ch
is close eﬁgﬁéﬂgf%uag:lﬂdyyaé% ?’hiet@?!éfg%dru g{?g ﬁgét %frfgssﬁ%f'dﬂfhezlzérl{ge&isém eak
vol t age nefpadbacksignainfes cirr lonechiboted B25valabé Sompfatdr dpdt ofall.ag ehedé Mirder

sub-circuit In Figure 2, the voltage divider sub-circuit consisting of
RD, ,,, andva¥3g¢ comperajasgopyteany normpd dujwt @ogt pinlof oGl Wibvelfficehast wel. Bothe

fracti (o . e said voltage level . is used.as..the

1 gnal Candrelrishedt €M olplE SR P RS AR e AR ETIRL bR
DC . The n@Unorsemseonhdtidr Dgiigabavd sraseldw R pokitiVel&oRsel ioRrdloE eth&hall S
essentially due to 15 the internal reference voltage V,, used in the

vol t age coHpaearpprokimeatelyoequaf €U, | rint ieny majmaidréiyllypfavaitable €/ cirpib,e of
CU functionalities, the internal reference voltage V,,f used for anal og
conpar at or Vf arict3i valts, which if ¢lesstenowghotb quhlkifyays thevako vobsisgtarégholdpsindeeq@i r ed
to energize CU, i.e. 0 < V',f <Vcu.o0 . The optinal voltage Vcu.o- is

defined t el vekageopagnitude rapgesgrom 140+ 3gevalscommended by t he manuf act urer
of CUto ensure the optimal operation 20 of CU for an unlinited period of

tine. ;phergsis ‘Z‘{’QQQ‘EO&W'F@%S%QBE‘L@%%“ hat CUs with ADC (analog to digi tﬁla

converting) inp an a However, it should be noted that
majority of A : ri iV . i nstant anequs Vdd vol.t age
Suppl i i o Rl TEER R PR A S Bl otul ol B RRE LAt KA T sons
may not beo prddudbh&olthed 1ehE1nsYs & jfnee. hd Sai j t

st abl e. I—b\(/)\g)ver, ifoAt\E%' ienputs srz’ircgﬁ% g@%fgnz%gr}‘é%e , %%f%?f tP% §a}1§\0’?%§?g{kﬁ)ve
that the ADGedasphe D3osignaraad abmcist eo ved 6O’ s0RIMAGY tonRasatovingut gigkependent

of the current Vdd | evel. Returni ng to the voltage divider circuit in
Fi gure 9/ 2up.oc - The main reason for using a fraction of ¥, as the D, signal is essentially due to

15 the internal reference voltage ¥, . used in the voltage comparator function of CU. In the
majority of devices capable of CU functionalities, the internal reference voltage V., used
for analog comparator functions is a fraction of the optimal voltage Veu,0p T€Quired to
energize CU, i.e.0<V,, <V, . The optimal voltage ¥, ,, is defined to be the optimal

supply voltage recommended by the manufacturer of CU to ensure the optimal operation
20 of CU for an unlimited period of time. There is also some possibility that CUs with ADC
(analog to digital converting) inputs can also be used. However, it should be noted that
the majority of ADC comparisons are relative to the instantaneous V,, voltage supplied
to the CU. Without an absolute voltage reference, ADC comparisons may not be suitable
for the current art since ¥,,, on its own, is not stable. However, if ADC inputs are to be
25  used, then it is imperative that the ADC comparisons are absolute voltage comparisons

and independent of the current ¥, level. Returning to the voltage divider circuit in Figure
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2, it is noted that the values of RD,",, and RD;"a is chosen such that RD'

= V,ef . In RD",2 Vcu,op addition, resistor values of RD;" i and RD;", 2
shoul d be | arge such that power dissipation in the voltage divid 'é’l/wg
sub-circuit is negligible. Hence, when Doc drops below V,ef , it sifgnals

to CUthat VDD is below Vcu.op . Conversely, when DDC rises above V,,f , it
signals to CU 5 that VDD is above Vcu,op 2.2.3 DC Charge-Switch
sub-circuit Figure 2 also illustrates the preferred enbodi nent of the

DC-charge-switch sub-circuit consisting of el ectronic soll q-stpat e
swi t chi ng Zliemenotsd ithattthe vebwesnodfR PNEnd Rajsissthosenuchathat tdhsiBtor Q
Supporting Q and @ are resistors R2, R, R and R5 . Thefe ar¥*l0 several

i nportant f.eatures. 5Ch ; SW - Ci i t 4§ . NOW
expl ai nod “SOtpH; s viEs S 3hdGory Sl G ity Per AR
comon- em A - s tgweir nco, I [EMbda1d S ON
their col Itféécfe(gtra%éiagzd)@tsalg tc ﬁ@ﬁ%ﬁ:ﬂg& eﬁllrefcr)ltr @ge’t‘ﬂ%{n eﬁe%%%gﬁééﬁd@c’tlgyﬁa} §e.
'on'), Q ts@ndufat ¥ CRAUWNT, CUT CoMerdely, whrntHE rHBRbEIReGAPAR isizhils Go CU
Conversely, when is "off,;"®Q is also 'off. Since the states of Q and
@ ar e5exqggtl%0 iiglagoa«ed/gm .they can be considered as a single electronic
switch block as illustrafed in the block diagramof Figure 1. Another
important factor in regard to the DC-charge-switch sub-circuit is the
initial R.213 DO-QGhargsSwitchasubedromith CU. As nentioned earlier, at
initial start-up, charge 20 reservoir C, is enpty and thus is incapable of
power i ng upFigure Balsc dlGates theqireforred embodimenti df the DCrahapgziivatchsulrctraat i ng

control si naI.CD% o repl eni.sh the. reservoir .capacitor No 0
over come tRBSIFtHIEL] aflt‘e°§&°a1%t S-OE}B'SEﬁ“f S¥riehing, plemans iy gﬁ’t&’b‘&oﬁtp%% Hﬁ?ﬁ’%%@ not ed
| 1 T egard ha N afasls: SDRuBpaif 19D, AdRUSioR BLIK, IFDRAANCEGL s | ong
as Vvdd <vél - mn . %I}]Ser e =Y U?E cly% énjﬂi?’a arlgg nuitber “6f cofmer c%aTI y
avai | gl e sekérslehgsrtant HedtuRy hoiHe DU-Shargy-opidht Yub-tirduit ah®fthee ath@osuppl y
vol tage reaches the m ni num operating voltage (i.e. Vcu,mn) of CU, all of
its gener &rPiginedas©IPWs{i nput/output) pins are by default, high 10/21 qgl, 2-
S 2ove In regard to transistors Q, and Q,, they are common-emitter transistor switches (since
their controlled circuit is on their collector side).
e It should be noted that when Q, conducts (i.e. ‘on’), Q, conducts charging current to
15 the charge capacitor C,. Conversely, when Q, is ‘off’, O, is also ‘off’. Since the states
of Q and Q, are exactly in tandem, they can be considered as a single electronic
switch block as illustrated in the block diagram of Figure 1.
e Another important factor in regard to the DC-charge-switch sub-circuit is the initial
start-up process associated with CU. As mentioned earlier, at initial start-up, charge
20 reservoir C, is empty and thus is incapable of powering up CU. Since CU is not
powered up, it is incapable of actuating control signal O, to replenish the reservoir

capacitor C,. Now, to overcome the initial start-up dilemma, an important point

should be noted in regard to CU:
o The O, pin of CU is always a high impedance pin as long as V,, <V, .. . There
25 is currently a large number of commercially available CU devices that exhibit this
property, i.e., before the supply voltage reaches the minimum operating voltage (i.e.

Ve min) OFf CU, all of its general purpose IO (input/output) pins are by default, high
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i npedance pins. Once the supply voltage exceeds Vcu,mn ~ the CU starts
operating and 'the default high i npedance pins can be configured by CU s
start-up logic to operate as normal |ow i npedance bi-directional c&/{gwg
Wth the aforesaid property, it is thus noted that at start-up, sinc dd
=0, ODc is a 5 high inpedance path (since CUis not in operation).
Therefore current flowinto R, wll avoid the ODC path and instead fl ow
into R and into the base of Q This causes @ to conduct, draw ng current

f the b - i Q i h
out of the asgnﬁgﬁ?ﬁdtygp%{i%}%e%e%upg}%g&?%g%gﬁé;epé Ve U’T? \t/}éﬁcéﬂdéﬂéﬁssoﬁ%%i&gng t he

charge reservoir C arge up. ¥ vol tage In xceeds
Veu, ., . Clhrtt gk tdefQRekigh ingeRAct HiRe c&PBE COMfidued By Il Estaftaly foglce® over
the 10 control of the DC- charge-switch actuating signal ODC . I'n many

comrercial |y eReste apnermabloyeimpedance bi-direction P8 find a | arge operating
vol t age rangg.:£.0 ich- r at. t Y (i : et Ve,
n 5% Vol e ibithe Wibtkid BHURGY B1E Bl R mal B B RPN ee RILIE T g

CU devige. Slﬁi@ﬁ@mb@&n@@@ﬁﬁ\%ifn@é €0is fot ih DpRafHD The8R)re tored: TRWHOR, Hz AC
e,

supply source, therefor en the charge voltage in C, reaches 15 Vcu,mn
, there is nwilbavodithesQf f path end irsieadt flowaytof Rir aral ihfd thbtbaEldf @,0 Thisi dausdsi ze
and execute its control logic to control ODC before the charge voltage in
C, exceeds Veuto conduct, drapprgcungnt qutiod thahaseof BNP (randstph Oc Subsesinensty, @pC ),
the DC-charge-swi.tch sub-ciycuit is eifher, closed.(i.e. ~on') or opened
(e~ ort apbi ey bt Fetdaf oo sbieage Qie G sbpiche YaudBanat ed
W th keepi nget Lfs Vine ﬁﬁgﬂ Wo
needf ul oper at ie%ﬁs arcé'"“b’e(\rf gﬁnggp%g@% 9'? ey gaééﬁogggggg?? é)a,ggtgte

fol | ov® 0 SteRueharIhe0 DR-aar@swivdhe Bethtirgs si%ﬁés%i that - hasm&xaagded
V,, , CUoutputs a low (i.e. 0 volts) oOn , ?hereby causi ng cufrent
to be drawn avadablé Ciid¢iess, hdaseommmof)d Shdit tlarpg opdritig@volthige sangk Sor whithves

n the char deU I BB RIE For sl ?%E%E?L‘%? iﬁef%@%i;ﬂ iﬁo%”t?fe%?lfe?ie
i1l draw | DOSS] t Op- £
Geccri bed acoimth RraYine ¥ yONCERREE ik e s Rt 5 RFoGonlto 02" B¢
- : . . | | _ N
(hrer, The GESDINERE Spfduide, MIREOCEWRLY A Ui Rl E

11/ 21 1fseat urgs i NtHERNY MOFIRIaf isafflciend il 38} eorGJ10eMHE eSy, WY fnltidliR€ and
addi ti onal delay, wrd

execute its control logic to control O, before the charge voltage in C, exceeds ¥, ...

e When CU is in operation (and in control of O, ), the DC-charge-switch sub-circuit is
either closed (i.e. ‘on’) or opened (i.e. ‘off’) depending on the CU’s output voltage on

pin Oy . Associated with keeping the DC line voltage ¥, stable and close to ¥, ,,,

20 two needful operations are performed by CU and they are now described as follows
o Stop-charge operation: When it is sensed that D, has exceeded ¥, ., CU outputs
a ‘low’ (i.e. 0 volts) on O, , thereby causing current to be drawn away from the
base of Q, shutting off Q,. This also removes base current from transistor Q,
causing (, to stop conducting. The voltage in the charge reservoir C, now depletes

25 as CU and auxiliary DC devices are still drawing DC supply. Another possible

stop-charge operation can be described as follows: When it is sensed that D, has

exceeded 7, , rather than shutting off O, and Q, immediately, CU delay for some

time first. This can be achieved using count-down timers as these are standard
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will continues to increase its voltage beyond Vcu.o, Noting that the
charge rate of° C, is related to the 50/60 Hz AC supply rate, it is rather
straightforward to design a delay value that expires before Vvdd 5
Vcu, m (since that would render the CU 5 inoperable). On expiry oft th

del ay, CU proceeds to output a "low (i.e. 0 volts) on ODC , thereby
shutting off Q and Q The second stop-charge operation provide for nore
energy storage into the charge reservoir. Consequently, CU can operate

l'onger Wi t houtredi@QK!id iy @nﬁxﬁ@r@ﬁuylaams}ewa@@m WhdBEadRpesml day, KU
performs the begin-charge operation as long as the 10 follow ng three

condi tions ar eviiadbhsiiuesdo ircigas€lts iveltaperbegond ¥, i, Nétegsthatphe hbarge ra¢ af e
(i.e. both Q and 2 are not conducting), (2) DDC has dropped bel ow V, er ,
and (3) the AC isugutkd tosthi 504160 Hz AGcufiplyirate, ribis-ratberimetghtfgrwar éo désiga t wo
conditions are rather strajghtforward whijle th th| d co (?ltlon |
required becasBywabis tb%éXPlF?SaF@foFe Var eXSEHEUCE N ”(°§d atguld rraden e G cal

circui®) 15 1 anbirtBR: GR kP BoR e e o FATecin ARH OvaR-e A PO,

Consequent Iy, @& he qRBRbs shitéh oftSQleﬂﬂbbe The sBend 8folp- @Q@@%@E@tlﬁ#bf(ﬁ[ﬁe foP
provi de for DC Hiar vest i ng. nce all egl n- charge operati on nust be

coordi nat ed \mctrb dneigycstdrage intoetheofHargst etservoirioWenserpendlyt rGldcan odpferate
operation is ot SO%ﬁI npl e.as %ru%lt removi ng the actuating signal O As
ment i oned earl?‘lﬁjer @ Teqyinne 4P hargsa gy 20 conducting, the only way for

triac T to QﬁBdﬁ[ﬂl@lﬁrg@fobeia%ohO OEDFerPdiﬂis)/ché b@gm-ﬁzhzﬁr@e ogahn@gaym‘gageheand to
also wait for the voltage potential across MI2 and l\{IT to zero. To

si npl iy the cf@léqvapaéhrpwrﬁftwé@ge Pasiigdn 4b) i qusrentlyp gi ke Sﬁ)odbargg siso
lified |
sinplified), gl ggg g&@;}g&@q%roﬁal}cﬂag)é'(li)t bi?qh’ds cﬁ-gppédsbe'lcmt /i atgd @ply at

zero crossing " pol suppl'y y ‘at these” occaS|ons

where triac T tﬁ ﬂC%@Z%ﬁ&@ﬁj Az T,9s Bén- c&fdﬁ.lctxrg TRO "t ?wo bénd‘iﬁdn@ﬁreﬁath%r

al ready 'off, e be arge proocess can begin imediately wthout
wai ting for t haalgbtfmrcbmlngh@dmﬁ ¢anditionais aequined bidoavse evhen the tias T he

h d A
el abl ¢ DO pOREHSEHEF (EhE tgRerr Pt Bk era of o Acoty 18 k&Bare ng and
cannot;s be tu " é’g galrﬂgt shgljgfcﬁﬁltt)u@tfoﬂﬂem&ev@eﬁ E(Srf?lgct-'(_)n 1§01ﬁ’t§ reding §f7 ofan

al so bé trea
Figure 2. Consequently, the BR circuit is unable to harvest adequate current to

provide for DC harvesting. Hence all begin-charge operation must be coordinated
with triac T in the ‘off> state. However, a triac ‘off’ operation is not so simple as
just removing the actuating signal O,. As mentioned earlier, when triac T is already
20 conducting, the only way for triac T to be turned ‘off’ is to not apply the triac
gating voltage and to also wait for the voltage potential across M7, and MT] to go
to zero. To simplify the coordination process (so that control logic in CU is also
simplified), all begin-charge operation, if required, is initiated only at zero crossing
points of the AC supply as it is only at these occasions where triac T can be assured
25 to be ‘off’. Of course, if triac T is already ‘off’, the begin-charge process can begin

immediately without waiting for the zero crossing condition to occur. However,

since the charge reservoir C, must be designed to be large enough to provide

reliable DC power for the longest period that triac T'may be conducting and cannot

be turned ‘off’, the situation where triac T is already ‘off> can also be treated as if
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triac Tis currently “on'; this sinplifies the begin-charge control |ogic

for CU In surmary, when it is determ ned that DDc has dropped bel ow V, ef

, at the next DZc zero crossing, no triac gating voltage is applie
that triac Tis able to latch to its “off state. Thereafter, CU pro

to out put

a high'" on pin ODC which turns on 5 @ and subsequently, Q

Charging current flows into C, via Q and RL. Wien the charge reservo

is repleni
initiated.
fol l owi ng

shed, the stop-charge process (as described earlier) is

2. %m?@tﬁ lcﬁrrgxfxt r‘?g FdnG)'r fhESY siln gﬁ@%?ﬁ%g@%a%&%@n!: ol 1(%‘1%%? ez rlﬁe

synbo its ani’ng 1's provi

Command i ssuedubymary hwhanit tisécteradinddthac Df 1 Rastdroppedrifelsn 7, whethe Hext D

represents either " On' or "Of and DDmrepresents the dlmlevel say 0Oto

7, which

appl zee)scmsduyg,\metna« gaimg@tn‘ltagd:ns rapp:lx@nipl that tGad{ iQble toOI)atchsto as

command i ssue the_curr ventlon b user _intending the
el ectri cal Iogﬂh,liﬂéteof fz'ieaﬁ 5 pigogsds é%s%twbﬂ wwg.%wm@gwﬁépn
(since Dim=

h d I i cal
L ond LAC of i GuPt SRR BE0L ani Pete o ATRLINAE: BBy B0 REErES! rmum
ol oot rical | odiPRAC ey B RE gL 3 %l%%ré"%&% GnfiChgst Ry 5™ o

primarily

interaction eit

due 1ﬁ1ﬁ1aféﬁ' ority logics PLSofr and PLA, x which handle human

20 DC powered wireless chip as illustrated in Figure 2. O course, the

shoul d be 28 DetailstobRyiorityplogicsoPLgoramddPpar ameters that can be
provi ded by the current invention. For the purpose of facilitating

expl anation f morlabmfbhiewe ltRgfolisw

comand Cnd( x is bej ng used. ihe details of PLDC and PLAc is bes

expl ailfed (t:’ﬁﬁi@u@ﬁ")t

si nusoi dal

MI2 of Figure 2.

Ui e wav AL Al cifiie AL oD YOR! dnd DB EBISHh e ARARARE KPR P!

assune SOITE Ime prior tot

ir

15

re

t

nt

cycle, a user corrrranmmnmt(plmonly&'he)mxwa‘é)n’ecel ved (either through PLSof,

PLA i x ).

1103l

C1

he

er through the soft-touch switch S. or through an auxiliary

BrarfdlifGneaniriglis bfovaied dseglobRe bi -tupl e
Heongmandy fisspecy by 2 Jupman giser of the (CHEENt JNERNtORe WhHETE £ known

or

, 3/ 21 bse PLDC d dt
suf fi ci ent Wﬂﬁ%’e@'ﬁ?ﬁé e ‘fonéfggnradf%’\?ii mcﬁll‘gg%@%vlﬁﬁoq 1639? ]gns’%r{ gs(’e{ rical

| oad LAC

15

20

25

-intending the electrical load L,. of Figure 2 to be supplied with maximum AC power
(since Dim = 0). In another situation, Cmd(‘On’, 7) intends the electrical load L . of
Figure 2 to be supplied with minimum AC power so that maximum dimming effects are
experienced. Conversely, Cmd(‘Off’, don’t care) intends electrical load L, to be turned
off. The origin of Cmd(x, Dim) is primarily due to priority logics PL;, and PL,  which
handle human interaction either through the soft-touch switch §; or through an auxiliary

DC powered wireless chip as illustrated in Figure 2. Of course, there should be no
limitations to amount of command parameters that can be provided by the current
invention. For the purpose of facilitating explanation for priority logics PL,. and PL,.,
it is assumed the bi-tuple command Cmd(x, Dim) is being used.

The details of PL,. and PL,. is best explained through the use of Figure 3 which
illustrates the well-known sinusoidal time waveform of the AC supply presented at

connection point MT, of Figure 2. It is assumed that some time prior to the first half-

cycle, a user command Cmd(‘On’, Dim) was received (either through PL, or PL,, ).

oft
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The work of PL,,,,, takes place just after every zero crossing point of the
AC supply (whi'ch can be detected by CU via signal Dzc in Figure 2). As
menti oned before, 5 when the AC supply potential across the triac ?9 So
to zero, the triac T does not conduct (as marked on every ZC poi nt CZ)- ? 05
Figure 3). Using this opportunity, PLDC proceeds to close the
DC-charge-switch S. by outputting a “high' voltage on ODC . DC charge
reservoir C, is subsequently replenished. The charging tine of C is

i11ustratedyid thfy, shaded pPCH L ea)9R8 1@ Endutdutiticidnt TOSaRClin i wels aar
characteri zedéal‘:)ly 1Fy’ %P%gﬁgoffc arnd 0 SItE&‘rcl)gré'. Ducrli r;[g th(i:1 DCIl-lgg%ri odg,

si gnal DDGréwdingAIeeipbly tolthSdledia 1atter.. sone time, i.e. at the CF (Charge
Full) points of Figure 3, PLDC has to open the S. switch to prevent

overchar gi ng. Thieswerkngfl BLgstakdseplRteDiDspeftar ¢veyy kegi eossing Pnhaf vestithg. |t
should be noted if it is sensed that DDC has not dropped bel ow Vr, f (where
;I" I [ ﬁ deL isnprly (whishcen bedetgcted by ClpvmignebD.n it Figares Dr A meentansreRalensg

al though it is shown in Figure 3 that after 15 ev Z i nt

har ves®i ngV}te&I%B%AEIS&E%‘)’POWgﬁé‘CFQSS the tHaq £ 8RFSIG ST ﬁ{?éf‘a Cgﬁgésgr%ﬁﬁ?cdu%f AC
power is %é@%aiﬁai%\gg* w%?iﬁgoﬁhgtu?@ﬂ?miﬁgﬂmgo@ior@lﬁﬂp,ypﬁbg fratdede e e,

the anount use i gi bl e and does” not affect the power to the

el ectri calcldseatle UAC.chAfst-switthes, DsH opputthgsa “high’ woltkgeobn RLAC Dékelmrgwer to
actuate the ACload LAC. As illustrated in Figure 3, PLAC caters first

for a Di mpeRodC, habsejuenty espldnyshed.afie Siargiff tinot hf i it Abistrated istthe e.  The
hi gher the Dimlevel requested by the user, the |longer the Dim period so

t Ihat t he cbadedddCH regitrisan Fagure hel HeuDCHacgiprsase chasacigsized by ddbeing ‘ofeand

el ectrical I

ad _LAC the Di i od j i -
o ot cel o100 pbAC o MAPE DS BRI 136 il BELNBIRR, 1 0
PP s i 11 ud snnE EPERSSE Hufihaditts REFiaRGy, Ar pALRTRSS d $P SR 10Tk ©
comrand N foxers n: Cej | i e
ol T ot ng erfelng: IR omfiBEehnelBE SRS Tkic B D RinvBiRg, IOMEIR be
periods, R ifR6Ssendd RS DAL BasirdR droppeSbalOW W, 5\Whéib U | ieddfinedn septiorl 4/ 21

r

2.4 Scal able Crcuit Specification As nentioned earlier, the current

i nvention 332010 86l i perfvae DENYardestitig tdlthudgh ibfis shd@nl indigure drthdieafter
control |l ed using the sane base architecture wth ninjnal conponent
15  every ZC point, DC harvesting takes place). While it is acknowledged that some amount

of AC power is used for DC harvesting at the beginning of every AC half cycle, the
amount used is negligible and does not affect the power to the electrical load L,..

After the DCH periods, the work of PL . takes over to actuate the AC load L 4c
As illustrated in Figure 3, PL,. caters first for a Dim period, characterized by T and S,

20  both in the ‘off* state. The higher the Dim level requested by the user, the longer the Dim
period so that the desired fraction of the full AC power is delivered to the electrical load
L .. After the Dim period, the triac T is actuated to deliver the rest of half cycle power to

L,.. At the next zero crossing point, triac T stops conducting and the same process

repeats.
25 Figure 3 also illustrates that at some time point in the 3™ half cycle, a user
command Cmd(‘Off’, don’t care) was received. In this case, in the following half cycle

(4™ and above, after the usual DC harvesting DCH periods, PL,. does not actuate the

AC supply switch (i.e triac 7).
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additions. Figure 4 illustrates the preferred enbodi nent of the current

" invention when'5 used to control a nultitude of AC |oads. Figure 4
illustrates the circuit enbodinment for the control of two AC Ioadgmpgéﬁbg/

shoul d be clear to persons skilled in the art that simlar connectli(d céﬁ

be added to control nore than two AC |l oads. As illustrated in Figure 4,

scaling up the circuit to cater for the control of several AC | oads

i nvol ves the addition of another triac device and another opto-coupler for

triggeri n@.uneScalatsledircwit Specifieation 10 the circuit involves
connections to available 1/0 pins in the CUunit and thereafter, a control

| ogi ¢ updat e tAG iReAibnsd eriiad, thdeurfebl invemivn iahlse stalatde vhadeby Authiltiflde oAC g
supply triacs. It is noted that there is no additional c¢ircuitry require
for the bae g can tbe BBRRGS PR thef sapiR, basg archiigeture withopiniggs! pompageat RD; v

2) that pra¥iidss. flRgurt HejIRMrite: erehed RAHYER DG AOGRRRt invenforPwhen
Additional Protection Crcuitry Additional protection circuitry can al so be

added fo tused for eohirol ednwtitvdeliofdit bads. Rigure B ijusteate thedirgtiigemeodinentffot he
current invention..Fig i [ s these prot ion.. cirguit.s.when
Che! uded I CnsBlot SloCTogts rul HIHEE) B8 OB RROR SN e GHLRHPTD.
i's added comdchiensAthibecadded & Sanpl yhordriheh tho MA Balldessnbudtimed iATigute uent

t hrough the 20 current .invention. A snubber circuit consisting of C2 and
R12 can bé&dpged the cipmbiocater fordhe fpnteah obpaverab hCalopds inyolyes the pdditiqn of

par ti cul aph¥hbngihd@evibd Yad Lindotd-Soiler O GELEY R hedfac d&i&: ITpifrésvefescent

light. In recent tines, snubberless triacs are al'so commercia aval | abl e
whi ch1@o it ciraugfuinvelveheonriedtiors toravaiahle HQ pinistis .theAlC(Eb unih ehd dlestedfier, gure 5

is a bi- diregtianal TVS (Jransigent. Vol t age Suppressor) diode DTVS

Connect ed PHAPEF Rere 4o PL.o85 Hil the CChE TorA i Bt phvats Afngsibed
voltage SREAES I AR HREL hOGORRLAL LoNiO! rediileACrol md 200 AN TN
possi bil ity of accidental (and unexplal nable erctharging si uattons in
the DC harsoasisiing of BRG €55 .R, ACZeCel RJ| ped Rz enethatcprovilesor i owitdhebés i n
parallel with CU as illustrated in Fi'gure 5.” The Zener breakdown vol t age
rating i nDiZkareestihppitessshoul d be chosen hi gh enough such that DZene,. does
not break down when CU is operating normally. Di ode DZene should only

br eakdown,, t.h ot ecti CU,..only.in.the event Vdd ri ses above the
et min 0P didaitenal Brogeceign Circlitry

Additional protection circuitry can also be added to the preferred embodiments (i.e.
Figure 2 and Figure 4) of the current invention. Figure 5 illustrates these protection
circuits when included in the simpler circuit diagram of Figure 2. In Figure 5, a fuse F is
added on the Active wire supply which limits the maximum AC current through the

20  current invention. A snubber circuit consisting of C, and R, can be added to enhance
the switch-off reliability of triac T, particularly in the situation L, is an inductive load,
e.g. a fluorescent light. In recent times, snubberless triacs are also commercially available
which do not require the aid of snubber circuits. Also included in Figure 5 is a bi-
directional TVS (Transient Voltage Suppressor) diode D,,, connected in parallel to T.
25  Theuse of Dy is to suppress unwanted voltage spikes which may affect the operation of

triac T. To prevent the possibility of accidental (and unexplainable) overcharging

situations in the DC harvesting process, a Zener diode D,,, . can also be connected in

ener

parallel with CU as illustrated in Figure 5. The Zener breakdown voltage rating in D,

ener
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It should be clear to experts skilled in the current art that simlar types
of protection ‘5 circuitry can also be added to the (nore conpli cated) '
circuit enmbodinent illustrated in Figure 4 (which handles multipl egtét’szg
|l oads). It is noted that the protection circuitry illustrations in'Rigure

5 are not intended to be restrictive. It should be clear to experts in the
current art that a plethora of other protection circuitry variations can
just as well be added with little evidence of an inventive step taken. |10

2.6 Qher (fhiigubd RS Hgh 1ABSh Bidnetiat PI €SdRs bt Heakd dbwh Ush&R I3 i§ he

various preferred enbodi frents of the curr®ht invention, it should be noted

that equi pkRithg homediyoDRIdet DS BbuldhlyChresl@idtvni e PEdt@fing TV, dnlisin the Vel |
be realized by a plethora of different circuitry, or different conponents

W th diffoeRn, paésHbeld ihe mexin@s opdiaisevolage 8 CONS in circuitry only
exhibit trivial variations 15 and do not clearly carry evidence of an
i nventive st ept shoald besclaic td experts sillahinghd curtent aro thet sinfilkatypessf protectien

current invention. The ciycuit enbodi nent scri.bed, herei are ..
ot esenbed SR AP e EL L i PRree AoDRR T REF EoROTEIRT SRty i ng
in the desgire kedviiv®hahdies Sl AST eaaE). Gt aNdoted thet thetproteétindeiebuiey be
restrictive. Exanples of sone of these trivial variations are now .
pr esent ed IgrtiensRgigire i pe iptepdqd fethedpactiycoll sPRUlE P4 CEar SWFHREHS In
variation (of QY68 t@at"XQﬂEtﬁoMF’d‘ﬂ ottﬁé?gﬁ%tgét% c@cuf&? Jariali&h dad julters Qg p&i |

Q Bot and

and CU triggers PNP transi stor Q transi stor swtches are
al | oper ataddgl witinlittleeevisieneeof-aainventive sop tabén.node be it in Figure 2 or in
Figure 6. It is clear that Figure 2 and Figure 6 are equivalent and only

??W??bri‘éﬁa@@rﬁ @E%ﬁﬁ%?ié?@i%éféﬁ% i LTE?SZ?Z%,“ 2 hal {25 vave
ifi [ ed.. | , . . Killed i
he present - Yie FiaihsprZind Enfismste St Prelonh cmbBRIFRRS Shuitrnbye |

| arger st ghaafiof;aPaduld/bé Retad Chat @fuiviitSULRCtDNa & OIIHO Blirér ifve@itio® cah | S
anot her net hod of trlggerlng the AC power triac T by using one of CU s

out put pi dest ed weltbgaeaized By aadethora o diféarent ieRuitthir OLEHCRRt BRPRIEBYIEY  (as
and second o R Ehy bl AR vERREne B bRALLY ol O LR Paltn ™t he
DC- chdf ge-aadiddb aibt slafxlcearguévidesBe of arhinaentsierstipethitrie di€ferent tfieomt akl thecnavehi ¢ |1 C
switch (i 'fgdtur\é@eo Ehrcl,e{:grrei:n% irr]n?e i%\rll\{e I:I’het g?cu?tagx%bgéi?n%gl{s? n(f-egcribed herein, are
presented to demonstrate clearly the novelty of switch-mode DC harvesting in the
described two-wire switch scenario and it is not intended to be restrictive. Examples of

some of these trivial variations are now presented. For example, Figure 6 illustrates a

20  DC-charge-switch variation of Figure 2 where NPN transistor Q, is fitted to the Gnd rail ,
and CU triggers PNP transistor Q,. Both O, and Q, transistor switches are all operating

in the common-emitter switch mode be it in Figure 2 or in Figure 6. It is clear that Figure
2 and Figure 6 are equivalent and only demonstrates a preference with no particular
inventive step. Further trivial variations are also possible whereby in Figure 7, a half-
25  wave rectifier is used. In that case, it should be clear to experts skilled in the present art

that the charging capacitor C, in Figure 7 should have larger storage capacity than C, of

Figure 2. Also shown in Figure 7 is another method of triggering the AC power triac 7'by
using one of CU’s output pins to actuate 7 directly rather than through an opto-coupler

(as illustrated in Figure 2). In that case, triac T'is triggered in its first and second quadrant.
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is to replace ‘transistors Q and @ (of Figure 2) wth equival ent MOSFET
devices. 5 In sunmmary, it is inportant to note that a useful two-w ef AT 20
supply switch, providing switch-node DC power supply to a nultitudé€ ‘of DC
powered |1 C chips, thereby enabling nore options for switch control, in
particul ar renote control operation, for possible use in a w de
application field, and with a high possibility that a | arge nunber of
trivial ciAnethet trivadli airiafos it@ivdeeplisiyd the D@phage seitcladob-tiecuit S, pitferred
form has been 10 disclosed. 3 References [1] Alfred Vogt and Paul G eb,
"Control @ngledireak doptactiélgetioninl(s switdhk(i.Pavben theg is 2@@8‘8"7@%)@, safd ¢leeirasic Pr eh

Grbh Val t n 16 978 l4i . I nSchal d
Donal d Te 5@@0},1 Coql\éo\k%ts‘}/\i‘a? elﬂ%ﬁé% él Itf%(k%g‘frrgo# ‘%o%}% Ei%t0 Sé&lﬁﬁéﬁ%ﬁ g{:@ r?@a%;t ent
Appl i cat i gansistdds I3 I8f PiguteDtvirt eadBieh6MOSHH TedevinesGer ard | ndustri es

Pty. Ltd. (Cipsal) on 28 Feb 1989, published 28 Mar 1991. [3] Yat Chong
Koh, "Hppar alusuhmenCdhtis dmpprigntAC Stpphst sSwiselvhdwo-witg Abaseprly Gitch319123

A (PCT/ S&X7/00058).. .fil y.. Koh Y, 0 7 i 3 My
1998. 20 f’%’]"“’%&ﬁ Se‘%““ﬁr ’P?ed'l),e PO eﬁf‘%@h@@\%@%i%%ﬁ%f@% w”ﬁh%ﬁ?ﬁ?‘?én

:Dazj ent Apahdgtd;iﬁg i?&gwﬁoﬂxgg&ﬁmwﬁ&x AbnttdPCi lﬁhﬁﬁﬁlgﬂﬂéﬂ.@w doFtreldo@ratMnP.fM
ndustri es . Ltd. a . 999, puhli 16, .Apr.i 998. vin
Chung. Pi nBoERYS usk vl APsale i naby ee Bohapenbi B hese BEaRrPGIET iy
Means”, HaRGaKGREi: SReGHHs ARM LS Bt leyRed 80 baD &0t PndferkO Gthh haShbbgapor e
25 Patent 106097), filed by Easy Charm Limted on 27 Feb 2002, published 11

ril10200B¢clogedi 21 Claims 1. Atwo-wire AC switch conprising: means for
swi tching AC power supply (to an AC | oad connected in series to the said

Sw tch ci pcuj ctyating circuit for effecting the said AC supply
swi tching negéfe?a@%sé#d actuating circuit conprising of a 5

sof t war e/ har dwar e programmabl e DC-gowered controller unit with i n})ut/out put
[1] Alfred Vogt and Paul Greb, GB

ontrol Circuits for Thyristors”, UK Paten
2008870 A, filed by Preh Gmbh Walter on 16 Nov 1978, published 6 Jun 1979.
[2] John Scholes and Donald Terrace , “Two Wire Switch Control Circuit”, Australian
15 Patent Application AU 198930798 Al (Patent 608416), filed by Gerard Industries Pty.
Ltd. (Clipsal) on 28 Feb 1989, published 28 Mar 1991.
[3] Yat Chong Koh, “Apparatus for Controlling AC Supply Switches”, UK Patent GB
2319123 A (PCT/SG97/00058), filed by Koh Yat Chong on 7 Nov 1996, published 13
May 1998.
20  [4] Peter Birrell, “Controlled Switching Circuit”, Australian Patent Application AU
199922429 Al (PCT/AU01/01451), filed by H.P.M. Industries Pty. Ltd. on 26 Mar
1999, published 16 April 1998.
[5] Kevin Chung Ping Lo, “A Two-wire Power with Line-Powered Switch Controlling

IC switch conducts) as illustrated in Figure 8. Another possible variati on&

Means”, Hong Kong Special Administrative Region Patent 1049265 (Singapore
25 Patent 106097), filed by Easy Charm Limited on 27 Feb 2002, published 11 April
2003.
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facilities for sensing/outputting signals as well as handle ext er nal user

i nputs and’ translate themto appropriate AC supply actuation, '
swi t ch-node DC harvesting circuitry which is also controlled by the@{@gfdm)g
controller unit via the utilization of a small portion of overall

supply, so that sufficient DC power is harvested to not 10 only power the
said controller unit but also a nultitude of DC auxiliary devices. 2. A
two-wire AC switch as clained in claiml1l, wherein a power triac, connected
in series to the ACload, is used as the said neans for sw tching AC power
supply.. I‘a\q“sa AC switch as clained in claim2, wherein the gate
input to the said power triac conprises of a connection to an

opt o-coupling switch device whose LED input 15 is controlled by the said

DC- power ed, canvbaikeACliwifch cdmprhisibpomaing orAGiRMng AT psweﬂ salipthd’ an Ay one
of clains 1 to 2, wherein the %_?teln put to the said g)riggci.s
directly conorremscisy ik geriesp dhermaich SRk e BIr @i hianciughn Fﬁr?u‘t I eplecting

swi t ch- mode Qft )&@Ts %Mt@fﬁh% A ﬁfe”ﬁ‘fjd 'a@tu&tlir@ BirduitVB&hSiding bg £ 1 cui t
is connected in paral vvltht e saild A ppysvvltchlngl rreans 20 6. A

swi t chs rmde @@maw/h@éwamgpmgr@umblasD@mam@d conteallgt mnst Whdr épaten@uti r cui t

controt er uiesuei SHERYuERERY Udhali ol 8Pas HARAP Bt MO, ond e oo

DC- power ed awﬁslat@tnendwaﬂmpmtma@tc Rapyly ecadton, i opaitcismote rDccdranresﬂmgsl gnal s
over and above conventi.on swi tch si 5 7. A

| s. w t ch-node DC
harvesting c§iFeiint waehds 3 Sﬁéﬁnﬁrﬂ?@ll&i the s41d; ¢p nﬁ%ﬁ‘@}lb?’ﬁ *ﬁé‘uﬁﬁ”@g}i (ffm) ©

conprises a fj ?M@MﬁoPBvé}éﬁ twva)@?br %Gtthzfﬂéhﬁﬁn&l't DRUpdwerdis hArvedlell ¢himgpde DC
harvesting circult as clained 1n clains 7, wherein the circuit

conpril8es: aordrpowerthesaidsentroblier urgobrsrlss |am}julatud¢ ebBE ayrdiap) daviges! yti c
capacitor, a DC 18/ 21 9/12/2005 charge-switch for electronically sw tching
on and swi2t cAitng-wité AL shiehgangaimadrigrtigim nehercinreepoweriringgonneded fre sai d

DC-powered control | er, namﬁ t.he s iR WeY ed controller unit
to nonit or XIS tk?:@ﬁﬁ I’%usleﬁ 2 é?ldtr%eaélﬁhqrrs Dgclflﬁ% A BEPRL vest i ng
2 gﬁg??g 'e s 3t \?\é t@g DS 1tc \Ell\é }:lglrr]n 1n cfa Igewherem the Ek{e 1npu{1 to tpne saléivI power

triac comprises of a connection to an opto-coupling switch device whose LED input

15 is controlled by the said DC-powered controller unit.

4, A two-wire AC switch as claimed in any one of claims 1 to 2, wherein the gate input

to the said power triac is directly controlled by the said DC-powered controller unit.

5. A switch-mode DC harvesting circuit as claimed in claim 1 wherein the circuit is

connected in parallel with the said AC supply switching means.

20 6. A switch-mode DC harvesting circuit as claimed in claim 5 wherein the circuit is able
to not only supply adequate DC power the said DC-powered controller unit, but also
supply adequate DC power to power a multitude of DC-powered auxiliary devices
that handle additional switch control signals over and above conventional manual

switch signals.

25 7. A switch-mode DC harvesting circuit as claimed in claims 5 to 6, wherein the circuit

comprises a full-wave or half-wave rectifying circuit.

8. A switch-mode DC harvesting circuit as claimed in claims 5 to 7, wherein the circuit

comprises: a DC charge reservoir comprising at least one electrolytic capacitor, a DC-
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emitter transistor switches, or a break contact electronic switch IC, or an
electronic swi'tch with substanti al reliance on at |east one FET device to
achieve switching capabilities. 10. A connection neans, as clai ned

for the purpose of controlling switch-node DC 10 harvesting by the [7/72605
DC- powered controller unit, wherein one DC feedback signal and one A
zero-crossing feedback signal is provided as input to the said DC powered
controller unit. 11. An AC and DC out put control neans, as clained in 8,

for the purp o, t] - - power ed
controller u%ﬁfrgg\ff\xg?lg?% %%\dé{b%}fagwszﬁgh Hggna f%{%ﬁﬁ%edfgg-%gﬁﬁa%&
controll er unnd comleustedm’cmsdbabesand Déppow drbe cadBotlhaungeto embledhe sad @& ned

i n Che.act uaPPOFeBroRRUGATRE FPAF BQ Sef ACHRH A £ oo g Phose

control s arehhfreltthgGRededd.nated with the AC supply zero-crossing point which
is made avail able by the AC zero-crossing feedback signal as clained in
10. 20 512.9 A A DCSéhaPgd-SWitdhYasCORMME inl 0k KerSAURE @Mi&h E&ﬁpﬁsv&stt% SRHBoC
harvesting behavior of the sai d DC powered contr ol unit, wherein the

|l ogic first emétdedrangistopawitcheseptoa braak sontagt qi@thrwwvsvatomé?, ACapelastionigs si ng
feedback si g@@l(tc}( .Q’Jlﬁll ?tabﬁal% anc%nz%b%p?ﬁst ox%epﬁ’?ddeggleotg.gcﬂ?e gas%{ch}%%e of

t he DC feedback signal (clai med i , nmakes an ‘exclusive deci sicon

whet her to | eapabildgeen t he DC-charge-switch (clained in 9) and 25 term nate,
or close the said DC-charge-switch so as to enable charging current into

t he r[])C chargges dicﬁlﬁedftimimeaﬁlela%idmﬁh efl th 8)fob&feqmq)o@@eﬂif;dilgrloﬂg@'dsvvitﬁh&n@c&i mcC
DC-charge- swtc n DC c servoir is fu nd _t hen

term ndting. W& esting c’iliﬁg)%PPWP‘i foe%wf ity ?remgm?e%afﬁ%jibe%sg@lwaéd

act uating beRayia@ Qb-ctdieing ab&iba B siBANGE tdsQhblto 4K § lwBreine
logic, appliedi mTédl z‘i:tel 31/1§afteial tSI, 31 ?’erm natsl oir)1 ? mﬁ al?l rsﬁ’gprgrlegri ty

| ogi ¢ (cl ai meentiollen®it. handl es the del ay before the 19/21 9/ 12/ 2005
actuation of the ACload in order to satisfy a user dinm ng requirenent,
and thereldf MrAGanddDﬁoumet ¢vatrot mearst asatleinexd in@) faxcheiptrpotensl qoawellingr i ac,
ﬁlsg:, med in ngltgl mode g)%)ﬁgrggsrt]i%g% EIQ %(f-g(l;\[vgrg Cgl\ll\éir(;[lf:ep utslllt a\EV ergl%ccgn%eodu bl.}é the

15 signal from the DC-powered controller unit is used to close or open the DC-charge-
switch as claimed in 9 and another output signal from the DC-powered controller unit
is used in the actuation of the power triac as claimed in 1 to 3 and where these
controls are to be coordinated with the AC supply zero-crossing point which is made

available by the AC zero-crossing feedback signal as claimed in 10.

20 12. A first priority control logic governing the switch-mode DC harvesting behavior of
the said DC-powered controller unit, wherein the logic first checks for an AC zero
crossing point via the AC zero-crossing feedback signal (claimed in 10), and then,
depending on the magnitude of the DC feedback signal (claimed in 10), makes an
exclusive decision whether to leave open the DC-charge-switch (claimed in 9) and

25 terminate, or close the said DC-charge-switch so as to enable charging current into
the DC charge reservoir (claimed in 8) before opening again the said DC-charge-

switch when the DC charge reservoir is full and then terminating.

13. A second priority control logic governing the AC load actuating behavior of the said .
DC-powered controller unit, wherein the logic, applied immediately after the

30 termination of the first priority logic (claimed in 12), handles the delay before the

19/21



14. Athird priority control |logic governing the soft-switch actuating
behavi or of the said 5 DC-powered controller unit, wherein the |ogic,
either applied imediately after the term nation of the second pri orkzt
logic (clained in 13) or as an interrupt process, handles the differﬁa/lov(
types of user inputs nmade possible through the use of a push- button sw tch
which is connected to an input of the said DC powered controller unit, so
that the push-button switch behaves nore |i ke a sensor device (rather than

just a 10 caytvgidhi nale AU ofdd EWbideh o fsafisf§ e sikérgdivahing USqpivsenBUbidN
actions. 15. Anultiple AC |oad swtch, for the purpose of .controlling

mul tipl e AC theeaier desidey whethento artupie of wet-anfuats thePRWFTiiEAC, skrimedinreand 1y
claims 1 to %epe}{&iﬁ%bh'%e ctupl%n?sqmcﬁls&% d)efcid@@b%ﬁg:qlsgf.onal power triac

circuitry and'triact actuating connections to the sanme said DC- powered
controll er, upig. . o 1.5 : 1A two
wre oui tdi St Pliof8 pai ol RaRm il oG LOASAANLE Btbiln of e i
furthef conpCiseeral smmoler udt, rwherdin dlenlogct edhdr mpphedainhretdistelyt dfeer ploaver
triac as clajnmed j.n 2. .and 3, for.the .pyrpose of nitigating unexpected

r1 ac oper at eBRGadof AR geony pebriskiloeh (ERF B 1 &4l AP RERS 1 0 4
and cl ai m 16panaleertRd Biffebéht yes i tuserf inpith edade QONIBIE Esrodgtdthedist & tal 3R/

transi ent voltage s_ugpre.ss.l on diode (and the |ike) 20 connected in parallel
to the powerbutiongwvitgs whieh inwanposted tean input phherspid IYampwstedgontroheriugtt i ng

unexpected vgl LK : i i.t.C I LM liai.reed N
clains 1 to %%g&ejﬁéﬁ( ?@?O%F@i grf\p@%e\eéddé(?rs ?:i:lﬁeta Jéfl ﬁdrrtcﬁgfrc e é%ﬁpl@e?iﬂgdggﬁ % dzener
di ode 10and tdmventionpl epeff awvitet) fprushsibelarivus psshbue@kaotions. vol t age, connect ed
in parallel to the said DC- powered controller unit as clained in 25 any of
the precedbng muhldpleAC dadasitch, 5t the patpdseiofoonaclling multple 2C tpads detiesgd os.

19. Aswitching circuit suhstantially illustrated in, all fhe acconpanying
draw ngs an O@JB%%W&A@ UL Halinedi Clme ! d de Viagvitibe addigon of an

acconpanyi ng, i eSwerdRAZdircuitry and triac actuating connections to the same said DC-

powered controller unit for each additional AC load to be controlled.

15 16. A two wire switch circuit as claimed in claims 1 to 4, wherein the circuit further
comprises a snubber circuit connected in parallel to the power triac as claimed in 2

and 3, for the purpose of mitigating unexpected triac operations.

17. A two wire switch circuit as claimed in claims 1 to 4 and claim 16, wherein the circuit
further comprises a bi-directional transient voltage suppression diode (and the like)
20 connected in parallel to the power triac as claimed in 2 and 3, for the purpose of

mitigating unexpected voltage spikes.

18. A two wire switch circuit as claimed in claims 1 to 4, 16, and 17, wherein the circuit
further comprises a zener diode (and the like) operating just below its breakdown
voltage, connected in parallel to the said DC-powered controller unit as claimed in

25 any of the preceding claims, so as to mitigate unexpected overcharge scenarios.

19. A switching circuit substantially illustrated in all the accompanying drawings and

substantially described via reference to the said accompanying drawings.
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