‘ Two-wire AC Switch using Switch-node technol ogy—Description—-5—1t—

Background of the Invention The maj orlty of wiring circuit ed above
ceilings of buildings are twin-core (i.e. active an m@m‘mﬂlml E@ri ngs. In
addition, twn core wiring is often used for connectl tches to
t he above ceiling active conductor and to the active sidesgfc*say, a ceiling

light fixture. Hence, typically, a neutral conducto usual |
available in wall switches 10 below ceiling |evel awﬂumﬂﬁwﬂjﬁmwﬁwml y, it is
not straightforward the harvesting of DC power in utlets

where there is no neutral conductor. It should be noted *tégi* wall sw tch
outlets are sigificantly differe érom povver outlets where three core

wiring brings alt\NREQ=VATIN M i out | et
poi nt. The presence of both a%il ve and neWra co d&!g !‘g/\?oower outlets

make DC harvesti S a tgivial procedure that
has been reportemiMﬁﬁaﬁigéMI ytrary the two
wire wall outlet scenario, where the neutral wire is absen require
switches to access the neutral conductor from behind the AC el ectri cal

| oad. Therefore DC harvesting in such scenarios have to consider the

| oading situation as well, thus naking the whole DC harvesting process
non-trivi al cq r& vol t age across the 20 AC el ectrical |oad (and
therefore a égwu igtlng circuitry as well) is different when
the AC electrical load is "On' and when the AC electrical load is "Of. In
addition, sone AC electrical |oads are resistive (incandescent |lanps) with

di mmabl e st f egg ‘\mg L%rp(t' I&rm@!ﬁvbﬂwhl ve (fluorescent |anps, ceiling

fan) and ot hers, I've (enée | anps). Therefore, with the

pl ethora of posggd Jﬂ!aﬁnt@gf@lrﬁgtcfréuﬁg ocAthaﬁaatJAQ% soe}’bm Lhited to 25 the

ceiling, coupled with the possib var ous oA greduineEd| < oads are
connect ed i ri‘c“"f/aﬂ“eﬁﬁ?lhwf@gs Md'@@hwlmwred”rbgglmf@nwhlforsmrteahlg watl i s indeed

non-trivi al svaéheﬁfthmOMeMﬁ§EdtlﬂgconGuc'E&'lalh& tro)fhe agth\gr ?i\élog '%%Fﬁﬂgﬁ%r vesting of

consi stently vgpeﬁgl and for a protracted | engt
DC power f r ST e BPKEIXagI neutsdhicondrcter s |ugally ingt gyailablecia| veall syvitchesef ul  ( and
necessarly) ibalowesilidg révieh hddoédnbegeenBilt i0 iRhdt QS MFh-RAE NRIRstifaCoBt! switch,

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 procédure that has been reported many times over in the literature. In
contrary, the two wire wall outlet scenario, where the neutral wire is absént, 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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5 besides allow ng conventional manual (or |ocalized) sw tching controls,
al so provide renote switching controls so that the user is able to actuate
the various states of a light fixture (viz. On, Of, Din) via a renote
controller unit |ocated sonme distance away from the switch. Irrespective
of the node of wi reless comunication (RF (radio frequency), IR
(infra-red) or Utrasonic), DC power nust be generated at the wall sw tch
to provide 10 power for the wireless transceiver at the wall switch to be
able to comunicate with the wreless transceiver at the renote
controller. Further varieties of switching controls may also be supported

be includin %F’Antd'cgmlne mﬁm%svha‘hhc% .ﬁe(e%h/ {@‘@#ﬁ @P%%{E(&@&H{gty/

radar/tenpefature sensors I'$ clear ese sensor
devi ces al sgrepignus wreVlﬁ)CDCp@W\mCO"SAWm@bWQm;@ds‘@WE\Hf@tb*iﬁte@ tsngthpitinies to use

battery cells to provide the DCPower at the 15 wall switch. Wile this is
possi bl e, it idehenetnerels nepreiruBdyo-wir &bt MYbYIEh AT LS PAREABC  power
f rom t he ACudeh (zﬁﬂtne@eE@F})fnl ¥Rty Otghautdntinasbylste Sisvivihed tlﬁeOwﬂOV\erchI hese

devices. In_ recent .tinmes as ene t ed curren required to
be as high & 'dS‘SO?r'P [ 80“"§Uﬁ'fz%eria“'f%gc t @%fw §§Jit%’h"gfcd’ﬁc fcr?r? 0 r("”derrg

auxi liary Rkmb€ s@wndtl@gcroatr@d scihnatctig tiser Ghblpso f@uaty. the GhioptoatesCC al@0 RF chi p) .
20 Two-wi re sw teh <9nt @?&bt@ mmm@g Flﬁrovnsaﬁlkn(ga@@pﬁtydm@avmm been in

exi stence for ears erences section For exanpl e
in UK pat entheﬁ\h]tch lresprgtive uf the megd af pirelgbsrcemimunigagion &%@4%@”%@3 R a triac as

the AC Squt Nt l\%)t GhuRadni), e g@err\(]ﬁﬁtt b@&n%t’é@'@“ the GANSWSEY ROpRig@ hal f wave
rectifier, a c ar ge reservoir an a vol age Ulat|ng circuit to ensure

that t hdOvopeveryéorlie wirkess Hansesver aidls wali %‘V"Gb@sbe e te suuuBpilevidshyesi red DC

limt. Two [EepQWahevdrGt ﬁ@lr&%té/@monenmhmmtea@k df@mcm@e;omy&st am and
powered by its DC harvesti ng circu is a )I;iecel yer whose

purpose is fi6° b§ ggBPiRd beniye! P‘Hf‘gef“fﬂ‘té’f‘a't‘H‘?Vé@e'f@élétéev(ﬁ/ Oreake P REHRFE YT gnal s (DI m
Up, Di m Dowrdad@ahgkdt)re i wigerd i€ 3@teer tﬁzﬂ)ﬂl] bﬂhésesensoﬂden@'s lﬁi@d‘led}lﬁ}ellX‘ used to
generate pul ses i,ch actuyat he tria tain.a.d r (of f/dimmin
level . In AOSYFAM %W'Oﬁ%lfogﬁion F‘?‘;hfs 'Sa}odtls? aétre Nt 0 0 RioYiEe 5, (ﬁ‘eégﬂ °
di scl osed whell ewight Whicthis $s @bside. ilgeabnatbelesh e0ACos sfipitiye Bviiatvedt tgllC WI th a
markedly di f\]:eerl}r%%ttl1e%ch ré{l?éltcn] fggﬁiﬂr{) ll‘l'tl]ie \Van('sQﬂ&l ot Iong‘ tf?efse @evﬁcgé Iln wave

bridge rectifier, a ar ge servol r and assocl ated DC vol t age
regul ati ng cicergtimesas weil, DK gsattr@érft cUrBipt, mayHe refydedoo bgt bigh 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 1C 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 controlier. 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 different 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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coupl ers was introduced to inprove the isolation and stability features of
~another two- wire switch circuit. In Australian patent [4], the two-wire
switch disclosed incorporated a MOSFET device as the AC supply switch
This is a significant departure fromearlier 5 two-wire switch circuits
whi ch uses the triac for controlling AC supply. Since the MOSFET can only
conduct current in one direction, an el ectro-nmechanical relay (which can
conduct bi-directionally) is also incorporated into the circuit. The
MOSFET/relay «circuit [4] can result in |ower heat dissipation conpared to
triac-based circuits. However, the disadvantage of the use of a relay is

contact wear resdiirS8d ﬁéémdt[b@vcﬂ%@% lﬁé/MnE CiR&RI. 1R0R plt@ntt[fﬂethmrbﬂ)}l)ts field
emanat i ng fromthe rel a %I cause sone interference). A

recent Hong WRYRGSIAR! r(“@ﬂ‘é‘&??éq IMRARYE rﬁli'es‘F?l%{toP\?éd riabjlity satmase o ppotheswpor  a
two-w re sw wighswiish tifculdOnhraktvaian pdigt P@;Rl@éllwblv&lie%ﬁntéﬂ &Qldd&ﬁﬁcoﬁﬂ)rated a

el ect ro- nechgnj rel a not . u nor triac device to
control the %@S?%&;\g?w%elféﬁﬁeykc ‘Efﬁy &Y 'E@t f‘B?ﬂs é%ﬂ%ﬁte‘?parﬁ‘lr“efi%?‘ 1¢¢ligf r anged
enabl e t he cowntwic S\ﬂfchtdneunrsewlvhiyh ik twppbybmgonﬂ@hp@wm sipplyt Bec&thd oad. 15
However, the i es rectifier circuits and a
current tr anM?gF@ﬁglgzgn nd/ ({,?ﬁlluc%lirreﬁdn one lrectxw%rggi%rg n|1e8}éa|ci:11 re18¥ ?\)H’tlﬂ‘li gh

i npedance st@ﬂ@)mdUPh@ direqtionallyy isdag® m¢oe1mrat¢d ofo hpeirafte$hd BIASAEVeddy DC power .
Wien the | Oagrch% [4] 9291 res(ullt(?l‘{\ﬁo'wgpk%gfad 's%@at?otn% rﬁ?)areattg?rtg&%%ed %n u1t%ﬁ¥%@%{ge?r mer and

the second bridge'rectitier are use
stated |im t%he flisasyantage of theuseiof erglay is qi?m‘fi@]weiirsn@wéwtl@ thefmlay:&mrcewb artdr ansf or mer

(for haryest ﬂh@&a%tlmlﬂ)%ﬁtlm tﬁl@ﬁeléyqaﬁl(\l'ﬁch n(?d} ' huse %Mlﬁteifggncgjf"' lr ent

transforner is connected in serie ad, the anpunt DC current

that can be ’ﬁ‘éﬁ“&'é%‘tg&f’"%ﬁﬁdsﬁeﬁ'él %W‘P’éﬁﬁ%‘“’e BF%‘P’@\P P fer@gwaidresitthe AC

| oad. Har VeS\EﬁdDD@na%{ti’nglaﬁpablﬂltlésr@sorl@ék% cRbLidcrARicAMelbyd but RB&SIPL& [ as
stated in 5] be suitable. This nmay be inadequate

for powering’ Péé%?géfﬁh et r%f’%"“‘le t?(é‘}lnfrﬁ'e&?:ﬁpﬁ’é’ﬁﬁr P!y Joer q'@“ﬁ’?‘%ﬁ‘%‘ E8tSver (which
require 30 28everly atangairegetle Memrbrceﬂﬂ&rfblh)t foﬂg)pplyﬁq@mm@fwedtoswx@%age of a

I h W1V e MOSFET or triac) is
'Ito E;? glengée/ tsﬁwe(r%e'll’ %gcg% 3 mi sunfrlzé:' ol[tilrledlgérea?ﬁevf 'rcu'ts(‘i"ﬂ ARER BB tens of a

milli second)tOd@mSarlé@l pogeraVheh alot b@m&:ofi\@lgl@hnrbeldhm atatej,i the ﬁ(swrbn(tge swi t ches
in the or derre&fﬁeﬁo;fe%%s% Hr&%ﬁ%’{] e)r ng thé]om Qhérlylgl!ow#)? Siﬁfg thesuch

two-wire switch circuits to pI’OVI mm ng capabl
current transformer and the second bridge rectifier are used to harvest DC power One of

the stated limitations 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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2 Specification 2.1 Block D agram Specification The current invention

di scl oses a new two-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 CClL000 as well as its own control
circuitry. The current invention utilizes a triac for controlling AC supply
to the AC I oad. The use of a triac also allow for dinmng functionalities.
The current invention is also scalable whereby a nultitude of AC | oads can
be controlled using the same base architecture with m ninmal conponent

addi tions. Perhaps the nore notable differentiating factor in the 10
current inv§n'ﬁ$on f g}t*x‘)?rew ous art [1-5] is that the current invention
makes use O Bﬁﬂ'f 'c i ent switch-node technol ogy to achieve the DC
harvesting process. It should be noted that sw tch-node technology is

anot her et hod pfockiBRigram Specicaliosnergy stored in the charge
reservoir. Instead of cConventional DC voltage regulation circuits, usually
by way of a reghstwofentifved ﬁicb’licBﬁ:IoWstahle‘at\Z@ﬁﬁ'é sxdlod)(d&cunswhtmmzn‘mﬂﬁ]gt echni gues
?geggp} gfec%é%bilmes 1r2)tvfiiharlﬁi ol reﬁta}g as Ihl 1as A\rlf]&gmgu\lyhlceh{%m%rr ﬁan St Crle\{] ' ?/gl tage
swi t ch- mbdepavet Hﬁdsnsameer&:ldwrwiwrﬂlypcemﬁpdﬁi)@ds ivall a%lwomwolmgr%@me
transfornerg, &mﬁxreﬁtl(pﬁquhzé%td Yo AR EME Relsusand UL R ool fhre WV i abl e),

they are not conmonly enployed in the two-wire swtch scenari o where the
neutral condiaerbe adaw fohdirhes é%%@@\é‘t?sl her FEEn] (Pvemies iy Risaricatle oad whose

vol tage i s QRerMihairdMiede INATERE AR c@xﬁtﬂ)\ﬂhd)&ls%gaﬁetsahlb Sisedrchlﬂac{u wijh has
clainmed that their assomdgt ed DC. harvesti né:{ tﬂE P % is sw tch-node.
# %filf egewi Zttl

Experts in P £omPAlBulY 8IS & BaPs Bt ar 6" ¥ har vesting
circuitsoar &ul@ﬂtpﬂbht&)ndfonmrad(us laf @l - fl]llgfh@tl'thd:dllll’rélﬁmvelhlwh nake wad shighgool er (I ess
heat dISSIp e re r ting cir Figure 1

i | lustrates® HEI} tfl“gf:km ﬂllo%ys% acgi‘ev? s (E%?ms '"% H%&n |lgtljh°(‘:'(?§ian| sting of a
25 two-w r enset thzﬂh“m0|1Fm<n,detIeCfn®r|0g,QGH’rthd)érlmeltig)dSJf sighil&inhbskeC A€rdyAldrer nat i ng
Current) SUPR {1eydhér)g!;: \%ﬁer%(flt 'llﬁ%aoc(gqgllr{/%igl Iﬁal\{y(? Voltra%: r%da}g:n c%ﬁ{ uugﬁjdl I oad L4,

(e.g. ala e neut condu rectly
accessi bl e t\@‘/ ofSr'resjjter iNSricpadh b Zener dive s\@tchiyhage kechldwgbmh fboﬁsregtt s of

several lgeyclﬁmo&%ntaﬁm@ﬁg fug! J:hgl\%@:resé!vgir Ivoltalge: to deplete before setting 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 | 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 ¥, 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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~An electronically controlled AC swi tching device in the preferable form of
a power triac T which is connected in series to the ACload LAC. A
bridge rectifier circuit BR, connected in parallel with power triac T,
whose purpose is to provide full-wave rectification to a DC (Direct
Current) harvesting circuitry. 5 A controllable electronic switch SE,

whi ch enabl es/ di sabl es charging current flow through the charge path
resistor R, , so as to charge/di scharge the charge reservoir capacitorC,
The electronic switch SE, or nore specifically, the DC charge-sw tch SE,
formthe basis of the switch-node DC harvesting technology. It should be

not ed t hat COTA‘ﬁQI‘&ir&nﬁlly Yéhhrb QA ¢ @\glwhmg'd@\gceclh rtﬁ%uﬁrgérablg\f&'lnvdf Q%OQEP akdown
zener diode 10 conponents are absent in the current Inventio

control | er uni friagfwhichis copngeise in serigs t‘B@Si‘FIﬂ’P*’@‘J%/R- based micro-controller IC,

or ASIC (appl ixgafghons: %?8}5 ®R formthe heart of the system
for controlling t% A supcpty s‘%meg{;uh%apa elc\pn w(e:rhtzri'?c %Osetcﬂ) °CE. The

controll er unitsto W'ﬁ%f‘iﬁﬁvatvhécl‘ﬁ?ﬁ@nlt@gp€ (Bfreqt ﬁerrgwhawbstlog clmultrb' and its
behavi or §s gonf éoquslaalaieeele%{rmﬁgw.kﬁ 4 hmgﬁfkn&ﬁ’é‘s%ﬁ@ﬂn% e & H gwar e

means. In addition, CU i be preféra equi pped w ufrerf east one
vol t age conpar &trfmgh |ﬂ|rrpqhargwpath resiswo| § ,a@easrtefcmr@kﬁ&ha(rga)me chatgd Rbdreoidr ovi ded
| ater). Control @&é ?e5|d| nrg in CU can be d|V|ded into four main

categories and glpac' T FEEPESRYY Soroamerespecifiraly ths RGschagesWiihcSt o ensur e

stabl e DC har Vﬁﬁhltlﬁhg)aélpbf’tﬁe witchidb DCHarREtng kdchnbidg® Ak Sholli BE nod@ingnSur es
that at all tines, fit ble and sufficient DC voltage is mai ntal ned on the

positive DC Raf‘?"vf'\/ YPHage r BEHRIE CpCUith e inveivige o Breakdowp| zgnendgiodeThe
mai nt enamn¢e o&orhponmmedbeensmftmd@rremnvm.onot only provide for CUs own DC

needs but also,to a, multjitude of wered devices which can al so be
connect ed bet weel"™ Ay ”'%?nﬁu %ﬁﬁxa”’lﬁgc ’E%Hﬁf%fwf‘r?aﬂdg‘u?fé-camroaerﬂﬁ ' adi o
frequency) TX RXICZ?Qap(oTRraa&smetlt‘erleea@] Wich fe¥i € heart off Shélsp@ncggnected to

V,,,, and Gud rovd nd rec IVII’l interface for a
renote control %O""QIJJ'H { oper gﬁ%m"éf'h&% argBé‘éﬁ“i "It Urice away

from SR To achieuensRhe' core towa of ﬂﬁuﬁvltMﬂdlﬁca{g%d ibedeRRor 3 Q)ﬂﬁélﬁablémgj y input

DC det ect sign an AC Zero SSing detect signal D, is
fed into 5t’wo i ﬁ‘ﬁod'q‘ wafiJm[e%"sp‘?i\?ng’@%t W?"ﬁe‘&e@g‘é{?%{ is to be preferably

equipped w1th 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 ( PL,.): 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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5/ 21 voltage information for CU to perform coordinated control of T and

S,,, viatw of CUs output control signals 0, and O0,,,.. It is noted that
coordinated control of both T and S, is required because when
DC-charge-switch S,,, is closed (to enable the charging of capacitor C ),
the triac T nust be opened (high inpedance) so that 5 charging current can
flowinto the charge reservoir C, (rather than to L,,,. ). Since the
charging of C, occurs very fast (less than | mllisecond), it has little
effect on the AC supply to L,,,:. o Logic to control AC supply switch T

(PLA,. ): The second priority logic PL4,. is handled by CU as long as
there is stable i 10 Rail (i' )
Wi th respect tovt’81 lﬂa%e@%; "%tgdlﬁ]n rai Ip\éﬂg?%%'dgﬁe? ?&UBP(%azt %{g(/éé(?\f)%a set of
control logic i rCLC}Jombm@bntmdmnrgmﬂﬂ ot hd o, ejuengyd tha cmhndmhtect@mttnobbf signal O,

is energized t ctuate T. Fo exa chs
actuated | ater ?’ﬂ@r#angxﬁel‘frﬁ‘}“,”,e pegaust VL@)@%’HH%F’W@H{ ﬂe'§§'ose$gt°e “oft',

the actuating siygn@hrg®B of dapdc@br d )it (HRDY.EH bSEhehdiahi ﬁl’lﬁ[ﬁ@an&:)'s@thbtn

hi gh-i npedance, non-conducting state 5 o Logic to {handle Soli-/ouch
switch aétions (ch#ging current) canTiw ipthitlregchpyes iedrvgyr Cdgither PR 1o L,,)- Pigee t o handl e
| ocal i zed switching a T - of t- touch
push-button sw tc c‘ﬂgbﬂag{dh Cu? rygagg(zle(r%p%i“g[]F@Hﬁ%?o'%gﬁihggsﬁug f<'£1er%td(§svm tch
whereby its use tiret@spalyitd y,( rrean t he cl osing or openi ng of a physi cal

contact, a soft switch |i is connected _to one of gut port pin.
Therefore, Scadtssd F(f”k'él éc§é‘ﬁ’§ Pt Tddtedt b £ ERTPYY ‘@jf $ense the

push-button actinghy&ng czﬁisamgla@tn%.eu; sthtfe EInh%uf‘flblglhtDCﬁ\Qﬁth@tdnrﬂlgz pkignal to
actuate the AC |l oad LA, . accor the use of a soit-switch Iike
Sc. sevéPal di f ¥ Bait (% W“’f‘EFFS?CﬁHEﬂIed?%g‘B%{W'HE(G”éﬁ:HllLev'ééF'Wfdnb‘ 1t a single
push-button asse byl SpeG ELGH Jhycontﬁﬁﬁfamea&e%@' Wit htBRrol Gighdi @NGs | Nventi on,
PL,,,,, contain 25 control [ogic to sense whether the soft switch S, is
pressed with a ShUETZedC}IIadete ﬁd’cm owmahdwtdhnsm ghej tngeel qsraetlze@i latsr Iaam on/ of f

command, and ~ cqntrol. g”f‘ ense \Mp é er thﬁ, % SW is pressed
t I
with a long perSitent aé "'S’Hma ”(5‘ s G 8 hrefibr 8 a(ﬁt”a {8 S'%'an?ﬁ
conmand. triac T is removed so that triac 7 is in high-impedance, non-conducting state.
15 o Logic to handle Sofi-touch switch actions ( PLy,, ): The third priority logic PL,,, 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 tor 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, L. contain

Naft

to
W

=  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.



6/2 1 o Logic to conmmunicate and interact with Auxiliary DC Device(s)

" (PL,,,): The fourth priority logic PLAUx, made up of the remaining
processing capabilities of CU, is used to comrunicate and interact with
auxi liary devices. Sone of the nore popular auxiliary DC devi ces may

i nclude 1R/ radar/tenperature detectors, 5 novenent detectors, or |ight

| evel or security detectors. For exanple in Figure 1, a DC wireless
receiver auxiliary device is illustrated. After receiving RF commands from
the renote controller, the TX RX device L"C inforns CU of the commands
recei ved. Subsequently, the CU actuates the traic T appropriately and then

inforns the TXbRXogleVe enmunicaleQuniliABSER iR RidElep @Msgwfs PLY back 10 to
the renote contraller. Since the first plriority logic P m dﬁznﬁ?e second

priority |ogic BUUgh prigrityilegic Pl madeatreef thoremamingrreepasimgcapbilititeofAC suppl v,
i.e. 50/60 Hz, hjl& ] Iy needed an rare qccasions (when a
user is using the sof ?églstf\b/\f({r%rﬁumcgt,%.aﬁ){',n%g(:ts\f'glnﬁuf“i '%%Hf"‘i?&%ﬂmgﬁ%fg? “‘Pé‘?e

processi ng capabPPRYay akiligry DCqy dgvicehHrayClijcludaniR/lodartesgperatuee clommargi cat e,

interact and contjoRdmedt dBlclokst qu%hpﬂ(eye@UﬁéeLJrW Yerdls d?%ér: eg(grgple 5Fi seygral nore

1
issues in regard to the two-W re swtch clrcuit o ure I aresstill
uncl ear. For exafpPe, Visgless feeivar awibigry -dgpice dthallugeatede sitfitey oieseirv@g RE enpty and

t hus is i nCapabk&n@jnd@ﬁ%ﬁﬂe%m&@_c%lléi AE e xRk hé/ic@%)c ﬁﬁ)\{xﬁg 8¢ e | t s
i ncapabl e of actuatin control signal O, to repleni'sh the reservoir

capacitor C, . THU"TRE reseivadi Spsqaneniy dbs CUrptugtestibe tiaib § apfroprizeely and
DC- char ge- swi t Chihge indéehs @EPHIRRSCSEY 81 3b vhilRA! h A0S NALAGS hbshik Of 20 the

CUIC that allows for a snooth start-tp of the current-inventi on.

Thereaf t Ht, det afdtBe gmotesenteptigrt §ingedby first pRibrity dopik PL,AGdtheseporaviridesl t 0

conplete the picture,, 2.2. ailed C.rquit Specjfication Figure 2
illustrates the E?gica[imr’cs'Sodfr%qﬁerelﬁtfgfoew gr&q‘é’f‘r%g ithfbﬁf% sypPlY- He- g‘{/ﬁor Bt
invention. For easerqf i€onl fddddionRare bdd@sidng (W iRWaRgkr RALAE kRASH aWigkni Nt r oduced
as follows: 25 Vc,,,mn : The m ni num operating voltage of CU, as

recommended by i ). aaiguifiernt paréon, ofithe presessingearbiityadfisey, adandiisCenganand
pr edi ctabl e oper gé ﬁsgytofcg&mQMca'tjemnlte%c aen cgr%{oll g %ul?i];ude E)# aEEﬂiarZ/D%ldevices.

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 Veymin: 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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V ; X11 : The maxi mum operating voltage of CU, as reconmmended by its

manuf acturer, to ensure a stable, consistent and predictable operation for
an unlimted period of tinme. The optinal operating voltage of CU as
recommended by its manufacturer, to 5 ensure a stable, consistent and
predi ctabl e operation for an unlimted period of tinme. Usually. V= V'% -

+V,,:.", and V =V so that if there is any slight variation in the DC
supply source V,,, the operation of CUis not affected. V, , The internal
reference voltage V ,, used in the voltage conparator function of CU
Usually V,,,<V,;,,,, and is internally generated within CU as long as 10
Vio oo <OV Sils Al oluse r GE ANGkdits, yal ue is
independentVaﬁmcpffm?”%ﬁéa%ggﬁf8¥M%ﬁg¥g£%§%ﬁgd$%§% aﬁgpﬁoﬂgtgﬁé%brovided in

the foll ow ng seedurOfSsiable, Zowsislent hiidagred@itiabjengois a6 iunkwitdd feisd AC supply to
L.1 In Figure 2, the sub-circuit consisting of R6, R and Rs and

opt ocoupl er U fOF 15 the sub-circuit for actuating triac T in the first
and third quady:ae.opiharptmiirgcvoliadesof ¢ tasiadcedeAEd duiits eratufpgurguppl i ed to
the AC electrical load L,,,.. To actuate T into _conductjng AC current, CU
gener ated a shorepsusut sablatcopiifenpand predigidigepeien & aplualimisdirsriotghduct a
nunnentaq, gating voltage to wyrniff on. As long as there is a potential

di fference bet wsdi- Eoihedtion—pormrs AN Yand-Mrodbi i bHesithiistary gating
voltage 20 is applied, triac T conducts current. \Wien the potenti al

di fference betwe@mtRmn BaC RPPYFPYPES Yt dhereatigyof €U inrotpbedcdey cl e has

conpl et ed) ?nd tﬂgﬁrﬁerhﬁ re@é?engg'%llq% E};’lu% i@ﬂ’i@lvbl%ge gotiﬂ‘p'ar‘?xﬁ)r fuhctPh@P&yconduct i ng.
Therefore, f6r the triac to continde conducting in the next and future

hal f cycles, a maoERtarxigali ng pulisemily reeduuitededvithn by applldngdaafter every
zero crossing point of the AC supply. For this purpose therefore, AC
supply Z8ro croséingH.eddback..25 asogglbsaiute voltage jefegngsyandiifst'gluget er mi ne t he
right time to apﬂ#é,@ qaéing pul se to turn triac T on. It should he noted
that when T is al'¥BHY§ 8oheducting, it is not possible to change the state
of T to he nphwgoN@dVatkiRg e,([jlan@t-ionghl”e'BroR'TdEd'\iﬂ tik folfwli)g dedtidRdi at el y. Only when
8/2 1 there is no gating voltage applied and no potential difference

bet ween MI, and M, , . L
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 7 into
conducting AC current, CU generates a short pulse at pin O, , causing optocoupler U to
conduct a momentary gating voltage to turn 7 on. As long as there is a potential
difference between connection points M7, and M7, when the momentary gating voltage

20 s applied. triac T conducts current. When the potential ditference between M7, 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

]
W

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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then triac T is able to latch to its non-conducting (i.e. “off) state. The
zero crossing feedback signal Dc can be connected to a voltage conparator
input of CU If there is no voltage conparator input, any nornal input
port pin of CUw Il suffice as well. Both 5 input options (i.e. either

vol tage conparator input or normal input port pin) will enable CU to sense
whet her DZc is above or below a positive voltage reference either equal to
V,ef or approximately equal to V,ej . In nmany comrercially avail able CU
devices, vef =1-3 volts, which is close enough to qualify as the zero
crossing threshold, since AC peak voltage magnitude ranges from 140-325

volts. to 2. ger 1§/QJ) LRAGE \Qlté’éeclﬁﬁheaLmd%r&l‘éh{lal ldﬁfe’r:éngé*lﬁé?w%n Atlﬁeclgcygfht age

di vider sub-circuit consisting D,,21s require t® produce a
vol t age | evethet kit 7|‘ s ablerme lsftctatpt ltson)n@bnddE)'ing @. a‘ heff’eafateerrhe rdre cﬁ)asuﬁg vol t age

| evel is us nected to VOl tage
conparat or i ﬁeg%bt% St ca" Vnnec %?9 %e TrH p?{atlp '35@8%% H‘gﬁe Y% fraction

of V,,,, as bdl@gmpataana{put aneh&Rat inght| prehieoft OU AN tshdicd Eﬁt@émeﬁothr ef erence
vol tage V.ef used.in the volta e conparator function of

Cu.
maj ority of H’B’Qﬁoc?%‘?sébepﬁ'meévﬂfa TEOIRGFN iPHEST Mofrad dnput pogt H'Wt‘?é‘f'r?&?b'er ef erence

vol tage V of Cuseeknsd Oketi@n @, 08 BOERALALD dobifed VoRhg rbfSreAce it leh@in tOf t he
optimal voltage VDD r p required to energize CU, i.e. 0 < V,ef < VDD oP .

The optimal Vel ragperovinptely $quefte ed tnombey tcmmcjpr@ilmvalla@mrﬁﬂ’ ylevigdst age
recommended hy th cIu er of CUt ure the optinmal eration 20 of
CU for an unP'rf mgtgd”ge\y{"ﬁ 5§ Setei"f’r‘i,gh tef‘ﬂf@f‘é’ Eﬁeéfrgaro%hrﬁglggi, %‘%)CFlA[Cy that CUs

with ADC (apak 08tabOmSindlidedhnoCOME do_ %) vJildput s can al so be used. However,
it should beﬂ%ot eégtnﬁgétn te engrraj orlity ofVAEDC conparisons are relative to

the instanta s, VO supplied to the CU Wthout an absol ute
vol tage r@f e2§r£3’°\(§@|§e@ Hﬁéﬁ%gﬁg‘&ﬁﬁy not be sui tabl e for the current art
since V, on its IR re'fthgggltag%]g’i?!dgrsut‘%@)’tcon51s in SOH’S' LHS A& IO be 25

used, then it is iMmperative areD'a”o'Srqultre vol t age

conpari sons togidiutadiamegden thafis tdie ff'ddfcfrﬂﬂ’tVD,)Vd"hereaLfQVQllue- safd@lolidgRiidiel t 0 the
vol tage divider circuit in Figure 9/21 2 It is noted that the val ues of

R,,,, and RSUsqas E‘ﬁc%eﬁ‘g%éw CRREEteRP oPF 9 Cii velhas sqmparator ghigtnsricval ues of
R.,,,., and R‘:”anD&. 2 Fhe nkHOAsEn RS udi Y DeacBHES l&,h@tthepgﬁfgng'1§é§<ﬂﬁ£liy%e t

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 ¥ s used
for analog comparator functions is a fraction of the optimal voltage V., ,, required to
energize CU, i.e.0<V,, <V, ,,. The optimal voltage Vev.op 18 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

9/21



the voltage divider sub-circuit is negligible. Hence, when D,,,. drops

belowV , , it signals to CUthat V,,,, is belowV,,,. Conversely, when
D,,, rises above V., , it signals to CU 5 that V,,, is above 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 electronic
solid-state switching elenents in the formof PNP transistor Q and NPN
transistor Q . Supporting Q and Q are resistors R, R , R and R.
There are 10 several inportant features of the DC-charge-switch sub-circuit
and they are now explained as follows: |In regard to transistors Q and
Q, they are common-emtter transistor switches (since, thejr controlled
circuit is dntisheited bal hectlors oikle)and A1, shaoded sbeh lrh@ttﬁ’éut:@ét’— when Q.
conducts (i.e. "on'), Q conducts charging current to ‘5 t#e charge
capaci t or GdditleRNWiehes INEN R4 /.S sh@fid be 1afe shch 1k §&ver fsipatioh Hce t he
states of Q and Q are exactly in tandem they can be considered as a

si ngl e el ecthe orliage digidirtsethreibsuy cskieglezitild. Hander whea dD,i- drophkeldt Gokit gz am of
Figure 1. Another inportant factor jin regard to the DC-char qe-syvi tch

sub- ci rcui t %SV ARV A PIAY Vst SPPYERSY pP bWl s TESIER dfed! TR TOUY As
mentioned egrljer. at. initial start-up, charge 20 reservoir C is enpty
and thus is I n¢apabl e 6f”powering up CU. Since CUis not powered up. it is
i ncapabl e of actuating control signal O to replenish the reservoir

capaci tor .2.3 @vChavgeBavitamsubleércuiti tial start-up dil emma, an inportant
point should be noted in regard to CU._ o The 0,,,. pin of CUis always a
hi gh i npedandd@Uf halspsillysypigs e pgferredengpodimee ¢f the Ryahasge-syifch wibwiffyient |y a

| ar ge nunbegonsifting OMREEI R dold-aaishidhig cfheHieVii 318 FortthatPNeXiinbibibr hi s
property. i.e., before the supply voltage reaches the m ni num operating
vol t age (i . &d NRN transiglop ), gipreging s [ang g, ¢ sesijerefalt. phirpod e tore are

(i nput/ gyt p%&%ralph%n {tefemxreg%ffQH%]'[DC—ma%IE-swﬂ'Q{ gt;lo-dixgmﬁqﬁ‘@Qﬁeypél‘gsl10\\1010e the
supply vol tage exceeds Vcu,m, the CU starts operating and the default

hi gh i npedanw&insi asfobars: be configured by CU s start-up logic to operate as

normal [ow } WHQQ,;%F&Q@ R sistd s,cz;nh cﬁ?,all]e_\J OB Rr-emitter transistor switches (since

their controlled circuit is on their collector side).
» It should be noted that when @, conducts (i.e. ‘on’), @, conducts charging current to
s the charge capacitor C,. Conversely, when @, is ‘off”, O is also ‘off’. Since the states
of O, 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 0, pin of CU is always a high impedance pin as long as V,, <V, There

Ciomm
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, mm ) OF CU. all of its general purpose 10 (input/output) pins are by default, high
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Wth the aforesaid property, it is thus noted that at start-up, since V' =
0, O is a 5 high inpedance path (since CUis not in operation). Therefore
current flowinto R, wll avoid the O'c path and instead flowinto R5 and
into the base of . This causes Q to conduct, drawi ng current out of the
base of PNP transistor Q Subsequently, Q conducts causing the charge
reservoir C, to charge up. Once the charge-up voltage in C, exceeds Vcr,

, Thn , CU starts operating and the control logic in CU now takes over the
10 control of the DC-charge-switch actuating signal O'C . In many
commercially available CU devices, it is common to find a | arge operating
vol tage range f @npedktice Bins. @r\c@ﬂﬁrsﬁﬁﬁﬁwﬁkg@é)&eedﬁ){ume,xtﬂérg’ll)%tanlg Qhugmg Ver mm =
2.4 volts and VCU,m, = 3.6 volts is comon V,,,.oP =3 volts CU
devi ce. Since t Al &bhd?fg'ét high anpsflane; plnscant@rmnfﬁgucﬂdaiy @Js stahvap 360 Hz AC
suppl y_sour ce, bRRLefQotiyar SR &Jaﬁce%han&ﬁongﬂ'/égqg in G reaches 15 Vou.rin
| there is nore than suf |C|entpt|rre say 2 to initialize
and execute Y @éﬁf‘%’%F‘dlpﬁ?@F‘@' fitois dlsm tneisil tige at%@fmemt&héu ehadgds ol tage in
C, exceeds \c, r n control .of O : the
DC- char gcebssvm T 1m8%1a9§§§;gt&| I's e.ﬁﬁjﬂ?%@g@ ?ﬂereﬁore B 18V 1@pdned (| .e.

“of f) dependi mgll awid the oLbsh mdtlﬁmﬂad‘ﬂe\k/tn&ge? adil infithe KhCof ASTRSEALEd W t h
keeping the DC |ine voltage tabl e and close to Vu,0,, 20 two

needf ul oper at$:dhE 4% ‘Pgo‘i“ﬁté'éi ’OBSPf@iS bagspf PNBranstor gnSubisaeanihedl as

follows o Stopofdias %mﬁ%@@ﬁdr%se%ﬁrb Ied cHa%e%%@rﬁ:g tieNfhre 2 p\goltg Spexceeded V
of , CUoutputs a 0 volts) on her eby 'caustng current

to be drawn av@aque?(brﬁatnhec Ubaseomfatl@ar@hhﬁtqonwg lagfcfin Q2. noWhiles ates her enoves

base curyent fr tr au 0 stop conducting. The voltage
in the CLd;.I‘ ge c?rg@ero\ggtﬁr @'q}?@%sﬁ&%\ éft}éaé'géggé'gl By altl A% OMAEFi A devi ces
are still drawdngblDCUsI4pipdsyit isARRIMIR Ko RASSlalde® erﬁtn%gfoﬁ’z@@rregnge RPSMRRI On can be
described as f IS se nsed t hat E) exceeded Vief ,

rather than s t?ﬁeﬁgséwyﬁméﬁ F@ Wfabn@%ﬁvmaﬂ%V@yaxféP velbnie  tine
first. This caamRe, 8FOVeYath W0y RONDSHOND LIRS oAE é&%&ﬁ%aﬁﬂﬂa”dard

11/ 21 features in many cdmrercial l'y aval evi ces

addi tional deltay50/60, Hz W duppigrsbiree @igerdf@re,i Wit @BS ehardeSvouadet iage rdxepeond V, .
Noting that t charge rate of is related to the 50/60HzACsuppIy
rate, | tﬂ’a et f % 3R 8t Mfgﬂe"t‘ FM§es ffir 3 12 MHz CU, to initialize and

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

U, max *

® When CU is in operation (and in control of 0,,.), 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 O, . Associated with keeping the DC line voltage ¥, stable and close to V.

U,0p *
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 V

s » CU outputs

a ‘low’ (i.e. 0 volts) on O, thereby causing current to be drawn away from the
base of @, shutting off Q,. This also removes base current from transistor 0
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 V,,, 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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del ay val ue that expires before V,, exceeds (since that would render the CU
5 inoperable). On expiry of the delay, CU proceeds to output a 'low (i.e.
0 volts) on O,,, , thereby Shutting off Q and Q. The second stop-charge
operation provide for nore energy storage into the charge reservoir.
Consequently, CU can operate |longer without requiring a fresh charge. o
Begi n-charge operation: CU perforns the begin-charge operation as |ong as
the 10 following three conditions are satisfied: (1) CUis currently in

t he stop-charge state (i.e. both Q and Q are not conducting). (2) b,,,,
has dropped below V , and (3) the AC supply switch. triac T, is

non- conducting.. n i ward while
the third condif %@% ']: mra% Cow\ﬁ)elCgacht})ggﬁlﬁggémﬂeﬁc{sﬁwnﬂhe a&mlo%lgigm ?r‘i’ductl ng (so
that the el ect rmdabntlnoe;do Im,c;easells volnage beyoad V(a_)(g,t.rl‘mlmg}, thatl tbw:hargaedanf:e 15 path
(al nmost short circuit) is formed between connection points M, and , 14T, of
Figure 2. Conse§uerfide to trU/BRHE MEsupRly ol Wiraphe stryislivarvassto dadeuat e
current to prao 1 tin | ration
must be coordi n&él gsaltlé)ﬁm%f)'%@ggt%% ‘{”n&ttﬁhppbf“t & rls?e g]tgg‘k&%!\%g{/egrﬁw%gﬁt riac "off
operation is nClho;ﬁles} Kﬂa|eepla'50ftljeuﬁtavl’(ﬂl7rﬁr‘¢td’dgs tb bewpact wat (irgo ssignal 0, . As
mentioned earlier, lac 0 C ly way for
triac T to be t(g”r n%é‘a'e% ?hTU[tm%Oglé' a"c% 8‘alcprg %Qtoﬁr!ﬁ%g &péag?nngrg\ﬁ;% r'itgage and to
al so wait for tnh@e\eaérg\agera@etlnemttlheabhaagerm&svolrwﬂ:onsamdntl)f Ty ctioogmte t 0 zero.
To sinplify thel nart'f?rm rocess. gso that control logic in CUis also
sinplified), al P“’”Sr‘” it cRar'ye opétafi®on. if required, is initiated only at
zero crossingo lm:mmrnyWMOA&@mp@rms s heglmclsalmWraa@n tshleseasgbcasi ons
where trjpac T c vetohf Tis

al ready looft f%ﬂ(@aggeglﬁeggéﬁglrogsgarg ?aélg%gsﬁggg %%rleﬁ%ﬁ st :‘05{]%#@%\? t hout
waiting for t heli.e-choth @raod <k n'g neberdidedtiog (2@ %cbﬂﬁrdlonpﬁi/\}éf\kéw‘ . 81d@e t he
charge reservoi g esigned to g OVI de

o 21 e DO povilt SF SR b TR de BT R o CROT '}%g?'%ﬁ Etuct i ng and
cannot be tur rwdighuﬁfrfvaxdt\hﬂeslnetthendi comitioh éy &qmlreda;eca‘llrsd \shealtheeandg/T'imft can

al so be treated oq uc lno SO %l/a%g‘heterle! %alTloc”ladsl Cll'lsr I’cﬁn,tany \tremel o\\ |n§ ?lngpl ifies the
begi n-charge con (o ry, eterm ned that

D'C has dr Oppe%abﬁdaQWsNS‘hﬁm cattuif) hﬁfolﬁﬁéﬁt be@Z&n connection pomts MT and MT, of

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” slate. 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 7 to be turned ‘off’ is to not apply the triac
gating voltage and to also wait for the voltage potential across MT, 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 7 can be assured
25 to be ‘oft”. 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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zero crossing, no triac gating voltage is applied so that triac T is able

" to latch to its “off state. Thereafter, CU proceeds to output a " high' on
pin O, which turns on 5 Q and subsequently, Q Charging current flows
into C, via Q and R, . Wien the charge reservoir C, is replenished, the
stop-charge process (as described earlier) is initiated. 2.3 Details of
Priority Logics PL Dc and PLAC For conveni ence, the follow ng synbol and
its meaning is provided as follows: 10 Cnd(x, Dim: Comrand issued by a
human user of the current invention, where x represents either On' or
"Of and Dimrepresents the dimlevel, say 0 to 7, which applies only when

X ="'0n'. For exastpl 8, cukilly 6M; thisQ)mplFieAthe BRI BMArde OMEA 18R fohELCH T ent
invention by a human user . i ntendi n% the electrical 'l1oad LAC of Figure 2 to

be supplied wi t FURERY mifPRRACS deig@yined that Ogg prselrqppsd belay V.., | 3 thernskhBz
situation, Crd(' ' ) nds. th lectrical .l oad LAC of Figure 2 to be
suppl i ed with m%ﬁ?ﬂ%&c"%&é%?@ Vil W applied 6 tnaf i &aB@ft%E{Cg EY2S
experienced. Corv€rsad. Ther@f(,'Qf proceeldsno toutpatrehighnérepid ©,e héich tirfadn | oad LAC
to be turped off. The origin of Crd(x, Din) is primarily due to priority

| ogics PLP%, arfé @EA‘}E{S%UG\%VCQI- Chargte sUFrhBaY s infe & aiat @ nd &t Wean thenr ough t he
soft-touch swt r. through an auxiliary 20 DC powered wireless chip as
illustrated in &Fagefreegegotlg‘ '%:J%Blreg'g}}eg’tt e ERES P cf)sél?aﬁ eSS LRV Shs to
anount of commangitiger.anmeters that can be provided by the current _
invention. For the purpose of facilitating explanation for priority |ogics

PL1, and PLAY.4 , it Ssu t he bj-tupl ommand Cnd(x, Dim) is being
used. The de a? I%e{?ﬂlﬁf,ﬁn&q ygLoﬂcﬁs})lbés‘%)"‘g%%IAai ned t hrough the use of f
Figure 3 which il ust rat t he wel | - known sinusoi dal t] wavef orm o
the AC supply erégcéoﬁf' ed'd ﬁ]eg(glr?ﬁéngts?/ gbe! 6’6‘*}F‘T‘tmeﬁ)ﬂ*?g Bf’rol‘—‘%ﬁ{ﬁsgogs”sit i s assunmed
t hat sonmd0t i GedprPion: €onthind iksued by rahdmancysed &) tha cusen mc;m;m:gdg@aﬁ( o' '
Dinm) was received (eit, ; r PLA, o quently,
PL,,. and PL,,, are r%%{epégﬁﬁgﬁngtr%eﬁ %'?de@lmcrf’er?lste%f%eﬁh"} E\%Veei’tsf'yngg:é vel | as
provi di ng AC supply tshigthappidseabyihemt =I@sd L,,, . The work of PL,,,. takes

place just aff@kan§ye Ohdé8h00GE P53 iMd RleBto AL i ifention by a human user

intending the electrical load L,. of Figure 2 to be supplied with maximum AC power
15 (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 PLy, and PL,, which

Aux
handle human interaction either through the soft-touch switch S; or through an auxiliary
20 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

25  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, ).
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supply (which can be detected by CU via signal D,,. in Figure 2). As
menti oned before, 5 when the AC supply potential across the triac T goes
to zero. the triac T does not conduct (as marked on every ZC point of
Figure 3). Using this opportunity, PL,,,. proceeds to close the
DC-charge-switch S,, by outputting a 'high' voltage on 0,,,.. DC charge
reservoir C, is subsequently replenished. The charging tine of C 1is
illustrated in the shaded DCH regions of Figure 3. The DCH regions are

characterized by T being 'off' and 10 S,.. "on'. During the DCH peri ods,
signal D, is sensed by CU so that alter sonme tine. i.e. at the CF (Charge
Ful l) point u . rkd haM b6 revent

over char gi n§Ub9<IPHﬂ“9c}(;)Lre;"p?nedt Eis_ fhe 'e(gﬁ,%(f €o.engﬁ)$%rtﬁ EC i \é%t ) Ia&%gsrvestl ng.
I't shoul d bgrovitiog @d sifply totheictecsiensed fhat D, , , . has not dropped bel ow V .
(where [ ;.., is defined in section PL,,, does not performDCharvestlng

(al though it is TSRO Ph/ ki gthee PBCq Wit allsf £61 298 CEvery P Yolht\C DC
harvesting £ gtﬂ?g vlpgggah)be dy\@(!téd%yléU L3 s%ﬁﬁwwngﬁg@rg 2¥ 'A%ﬁneﬁ&ﬂ%&@ﬂgﬁf CyOf AC

power is use arvesting at th edi nni fig of " ever cle,

t he anosint wh&atk AS sm;eglpogzhﬁm ecradadledaesr gz)est toafnﬁeﬁet tr 'Eichﬁd@ﬁ\hﬂtl’coﬁ@lclt he
electrical |oa PL, kes over to
actuate t hela%\@al}‘(%g(? : e.ve,rf’ %l.’c po,&]sf OPﬂ_|”ECt "r)a@ 488 i i ﬁipﬁ'ﬁ?"ﬁy S)C)L”PE',O,C éeg%l ers first
for a D m papdcofle thafaekenizsd bhYouhu@n a5,hlgh vaegdohtp i.n ddenar@f ' state.
The hi gher the Dim | evel requested by the user, the Ionger the Dine peri od

so that t heregwsiir €dis fspmedquemty r@ﬁlemhedfﬂielchA@npoi\vverOﬁCs igdlustiagaded theo t he

el tver t he PRRH FRaforeure. B Fgrontir el iR Thef Feper ossi ng

poi nt, tioi as, Tonstmpsg ORNUIE bérfvgs, 8RMalt e iSsned by @:czesﬂhatraaaesams .umz,S Figure 3
also illustrates that at sone tine point in the 3'd half cycle, a user
command C nty- @t o €4 (@@metr U’(E)enoé)s afdiuiede &l v s lojopentth §, eish to prevephe

ove, .after th tlngDCH

foll ow hal f
pgri g\é\nsngpl_?\je,rc.harémé Thlg fzom leit ? q’?,hemioAté lo%llppr])r SCLfmarveShm%x}t IaotuYI e T). 14/2

| 2.4 Scal ahd&i IQtEsCstsEd PRED) fHa AdtidRPpAD IR | QARE: Bald defihed ik RRti&UT I ent

Do

invention is al so scal abl e whereby a nulti tide of 'AC loads can be
control | ed 232ngLt. hdesprtpetiamed@hahdstimciitmeswit tskshewminfadurechiimploient

IS 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 aftect the power to the electrical load L, ..
After the DCH periods. the work of PL,. takes over to actuate the AC load L ..
As illustrated in Figure 3, PL,. caters first for a Dim period, characterized by 7 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 acluated 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 enmbodi ment of the current

i nvention when 5 used to control a nultitude of AC | oads. Figure 4
illustrates the circuit enbodinent for the control of two AC |oads but it
shoul d be clear to persons skilled in the art that simlar connections can
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
triggering the triac device. The rest of 10 the circuit involves
connections to available I/Opins in the CUunit and thereafter, a contro

| ogi ¢ updat ety §é§l§b¥@di#b3)it§§%c%éﬁoﬂow able to actuate multiple AC
e

supply triacs. It is not that there is no additional circuitry required

for the base ci rasthdntiofed@asiérsiht ogreaf inBRtionSs also Ralable GherebyCHmuldRidY o @Nd

R.,,,,,, ) that, provide for the swtch-node DC harvesting process. 15 2.5
Gt Fh sl i %

d vest i
Addi tional Protection B PO REF it 8l munimal gompgnetin al so be

added to theaqiiteheFigack € itvaiditayaint srefeiredeembolingf 6f Re aiebnFingaikien 4herPf t he

current iaventi i 5 rates these protection circuits when
i ncl uded ?n ggﬁ%?Og?or?g#)lgi%@}'tggeu?fjtlyébl?oaagsr g'r%‘"ce)’f4 @F%{é?%thf.c'r‘f‘ﬁt Ebgdimentdor 5 fuse F

is added onthepentrabefitye ARjleads Butpyshguldbe addar toi paisors skilled iabel anthat A@ilaur r ent
through the ZRn&HELQBY bd MMENGIBlrol | LRI K. gonsigti gg of, G and
RL2 can be added to enhance t ems@\nofegﬁ%?‘g% A?e‘loigalaélbé llfm!);ralg? g {f:l'g%{y’l’,

parti cul ar | yseiipstupdhesgircviftojcatar fopte centrghofisengeat ACVeads oalyes tee glditian bf uor escent

light. In regRMer trib&BSice SRVRRER} @p?&-c&u'bieﬁfb? tr%rggringltﬁeztlrig%mgcfh lr%fymavai | abl e

whi ch do pot requi,r,e the aid of snubber circuits. 1ncluded I'n Figure 5
is a bi- di r O&CIGHNVONgS correetioas intvaNable Y @insiim frecSd orif antl bereafRr, 2 | S

connect ed i Nncdp@biabgi€lipdal 1J-PL25s0TthE thSEUN ndd abletol sStul@ n&ﬂ%&rs}é%w want ed
vol t age spi kes which may affect the operation of triac T. To vent the

possi bi ity WBircsadicisdwtadathat( therd isimexadtitipnadiblrelitno wenicddafogitivgbassiciraiat i ons i n
the DC harvegtindnPLPEESS . e iode Dz, 11, can.also be connected in
paral l el wi tﬁ o réésa 1??I’u%t’ r@’tédr&?fh ]%f"gaﬁ‘(rgeleﬁ%) %téir?’é%ef ' g‘f@&l@ﬁ%ﬂ Yol t age
rating i n Dzb( hervestidbprddesshoul d be chosen hi gh enough such that D,,,,,,,
does not break down when CUis operating nornmally. Diode D should only

br eakdowl?5 tElﬂgrﬁa@@ﬁﬁ?g;ﬁgﬁjﬁfﬁnlé{f%ﬂf@e event V,,, rises above the

maxi mum oper at'i
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 7, 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 7. To prevent the possibility of accidental (and unexplainable) overcharging

situations in the DC harvesting process, a Zener diode D,

cner

can also be connected in

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

Zener
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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 conplicated)
circuit enmbodinent illustrated in Figure 4 (which handles multiple AC

|l oads). It is noted that the protection circuitry illustrations in Figure
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 Oher GCrcuit Realizations Wiile Figures 2, 4 and 5 illustrates the
various preferred enbodi rrent s of the current invention, it should be noted
t hat equi vaI t function he current nt,i on ust as well
be realizedB nld e %] St fot h'ah e'f"ouél fsi"cehr [té]ﬁtt Deirr 835 tnPy?regkr R f“g]re“erﬁd’ Conponent s
with diff eS[%thlmé)@Jrﬁﬁrﬂx biddle \Dal,, P@?%uld-ghﬁ%?ea?(cﬁﬁWn@HusQﬁ&eduﬂb @bl‘ & hafiye only
exhibit trivial variations 15™and do not clearl y carry evidence of an

i nventive stwem it hdtes hlsavdihéirtamemm dperatngadoltagk heCtiovel features of the
current invention. The circuit enbodi ments, described herein, are

presented to ddhBAYE Patlerr & BBFisykitlrin fswarreny abfhalsinifas FPRY 8t tar vest i ng
in the dESGFth@d:alﬁW@owﬁcﬁlecﬁw1116hn(SS%ﬂﬂkﬂecﬂl’&dedﬁtenltﬁdnﬁ@ﬁt ilmtreagded to be
rpreztsrelnfteldveEéureazlngvhlﬁ% han(il;les m[ntap (Fllolflls I’ t{lée\ls%tg‘ %9{9&%(%{90%311 %‘ﬁcemt{']\ h

vari ati on oflluffiagorsen Elngaeraee INPNtetndfairtg ibs testrice. it shortlldttteed:artlo ekfpgs Gnd rai |

and CU tri gglg §|J€PN§’ Ihafap l?t f%elefﬁ&gchiplgc ﬂcr]ﬂiwq'an {oﬁ{]éilnﬁlt)s?gs \%éM PBCheS are
all operating eco n-em t swtc in Flgure 2 or in

Fi gure 6. @ddP%“t&'l @d?e\tl#a@e Ry etivosieriekeri gure 6 are equi val ent and only
denonstrates a preference with no particular inventive step. Further
trivial jwar pag | OffreraCRcalitSRedRssibhe Whereby in Figure 7, a half 25 wave
rectifier is used. In that case, it should be clear to experts skilled in

t he present arWwhildHatrest?hé aghaillgitngs tapatius prefeted ¢mboBingus ef (e shieul d have
laﬁgtgﬁ;r stor ﬁ%ﬁm%?ﬂ?&mﬁlx bE ﬂ@t@d ﬁ;ﬁt Q]&éalatglljr[cﬁ%n%lméb‘lo?ﬂbscnlgy\{g11r\lfgnlg,l]]g;”g? Z:U! S

out put pi nSJUEt(ﬁSa\@tl lbateelliﬁdm'la@!ﬂﬂow qfaﬂtfﬁvemﬂ tlrvartrvt(md@iwgfhﬂ emnmpltﬂ@-\depl er (as
iI'1ustrat eddl'ﬁ@leﬁl &W]ﬁlr%)valulep ﬁht;'s@tvaﬁzﬂﬁﬁs in Ju'cf%ﬁv -BHF\SE\FIIBh A& &dridifdnd ts first
and second quadr ant Another trivial variation involve replacing the
DC- char de- swdt%wsﬂ%ﬁr'w?w‘fﬂdespe qiiap Hveptive pipgyihet indigaientdiont dkthe evektronic 1 C

switch (i.efaldRentiher@rtd RRnBoNerhe &k SAbddiRkAGT 8Q8HLEd 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 @, is fitted to the Gnd rail
and CU triggers PNP transistor Q,. Both Q, 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 T by
using one of CU’s output pins to actuate T 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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| C switch conducts) as illustrated in Figure 8. Another possible variation
is toreplace transistors Q and Q (of Figure 2) with equival ent MOSFET
devices. 5 In summary, it is inportant to note that a useful two-wire AC
supply switch, providing switch-node DC power supply to a multitude of DC
powered | 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 circuit variations can be used to replace or add to its preferred
form has been 10 disclosed. 3 References [1] Alfred Vogt and Paul G eb,

"Control Girgwhithes thvadl vERMoh SAVBIVE replddthg AL gatchﬁge-s‘%ﬁﬂ%w Oirc fﬁda by Preh
Grbh Walter on 16 Nov 1978, published 6 Jun 19 21 John S&h es and

Donal d Ter r agegle breagggntgyt elect@ict| Elywilen(.¢.otheCthers(s 10 po“Aushersarkileb;ntronlcS Pat ent

| t S US rat! 1 4 er S 1 L t
étp{:/) [ Cit :jon(}% I&J\ééskg%grﬁﬂ&?)% Al (E@J ﬁm”l? glﬁgg %S(%%h pbi otk \bdyit ﬂoﬁf}’l@ ;ts E'hgf]g

Koh, "Appar afai&istPesr u@rﬁwer@mgwg2A®t*9tﬂ9ryplynt$0@$l‘tE}Te<k;VIceSUK Patent GB 2319123
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| ndustries Pén){bll %\trﬁlore QBtiche fMigwncll%gt%rol pllrlbdah§bl§1d el%te%rnlrl)l (;]p%giﬁon [3d  Kevin
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Means”, HongPaiPlgussiee ide aﬂ(ﬂ'ﬁi“fﬁ“é"ﬂda%“ld\)‘éthﬂé@h@ﬁsslj’&t%ﬁ?t Ylgg92embel & ngapor e
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switch ci rcw t) an actuating circuit for effecting the said AC supply
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[3] Yat Chong Koh, “Apparatus for Controlling AC Supply Switches”, UK Patent GB
2319123 4 (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
Means”, Hong Kong Special Administrative Region Patent 1049265 (Singapore
25 Patent 106097), filed by Egsy Charm Limited on 27 Feb 2002, published 11 April
2003.
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5 softwar e/ hardwar e programuabl e DC-powered controller unit with
input/output facilities for sensing/outputting signals as well as handl e
external user inputs and translate themto appropriate AC supply
actuation, a switch-node DC harvesting circuitry which is also controlled
by the said controller unit via the utilization of a small portion of
overall AC 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. Atwo-wire AC switch as clainmed in claim1l, wherein a power
triac. connected in series to the ACload, is used as the said neans for
switching AC power supply.. 3. Atwo-wire AC switch as clained in claim 2,
wherein the im to the said power triac conprises of a connection
to an opto-coupling switch device whose LED input 15 is controlled by the
sai d DC-powered controller unit. 4. Atw-wre AC switch as clained in any
one of cl ai s A twooviR, AGkiercbicpmprizeggatas fonputiching @ praves aipdlypowerAG ri ac i s

di .reCt ly ConD&)&]h cgl%egyd SIQQIIE%EH) ﬁxe'??ra RQ} c%gmﬁoént&& llnﬁrcngﬂ{l\ﬁ)r elfétm? . .
swi t ch- node arvesting circuit as claimed in clarm erein the circuit
i s connected it ik ACI ebpplwistvicltitge s dthAGaId LaspyPyresslictic kP isigatis: 20 6. A

swi t ch- ngde DG hiahd/gsdviangd pﬁJgFaﬁMlaBleaﬁC%gﬂbl@@Qohtﬂ)ll@rl fahlm\ﬁmmr%murbut he circuit
is able to not onl adequat e ower the said DC powered

control | er um'«tC'“t'siﬁloréﬁ'wg%g&awbwSlgea’ésqﬁaw‘é' BpdiGer g tp*ewputa Byl titude of

DC- power ed auXiahsiaad bheldab!la@@’éprlaﬁehat sinamdlaauaaidm & b@mlm(ﬁw DChare@nty ol signal s
over and above. conventi on ch- node DC

T veattna ol Bty e Rt ot pa s g g R0 R o€t iR s
conprises a fumhit patien mrovhrallfArOAamﬂ\ rseahbat kytficignt 3@ pariet is 1Brvefedsminbch- node DC

harvesti Hg CI r I(E)hwgqhe sa% contr oller unlqlba aFE a?m l‘?ude 0‘ %%iﬂghaw er\]/%esCI reuit

COI'TpI’I ses e reservolr one electrol yt| Cc

capacitor, é‘ Rcmojw&/rezzlc%ﬂ%gé‘s‘ém%&ﬂ cflé?l'h 1e|\\¢.€,%ﬁ]0anlsml l.}écsc\%;ﬁe@@b Rg on and
switching off a charg |nrgeﬂ current and connection neans to the said

DC- power ed cor€ 10 '8t Atiffath it bse%?fabq%'dt'wén%faw”d@% /bS\R@r%dun?antrol ler unit

to nonitor and AC signa contr t he sai arvestin
process. E)CA two-wire Aé gvnm as clanneg in cqalm? wherein th e gate input to the sald powe 9

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 | 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 | 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.

189
w
~J1

. 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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5°9. A DC-charge-switch as claimed in 8, wherein the switch conprises two
common- emtter transistor switches, or a break contact electronic swtch
IC, or an electronic switch with substantial reliance on at | east one FET
device to achieve switching capabilities. 10. A connection neans, as
claimed in 8, for the purpose of controlling switch-node DC 10 harvesting
by the DC-powered controller unit, wherein one DC feedback signal and one
AC zero-crossing feedback signal is provided as input to the said
DC-powered controller unit. 11. An AC and DC out put control means, as
claimed in 8, for the purpose of controlling swtch-node DC harvesting by
the DC-powered, Swkh &Jr e‘é@t‘r&mcawg\xn%ﬂF%Hean@'s’\;/lpcltﬂnﬁ o:}’ﬁa & cu];'r%rgm the

DC-powered controller unit is used to close or rge’ switch as
clained in 9 aAtf cPRBRCHRT Menat foube %aidglh%powejmom@leoenp@mb@dh@m%1 ler unit

i's used in thepaedretBloh@dePlinitth BoRRMSIC dnli iARGsiAS!s § RlidT®Fkohfiol khels@iddc@nd wher e
t hese controlﬁ are to be coordinated with the AC supply zero-crossing

poi nt which is ?fﬁ?f&!"g%{%?ﬁ abl e by the AC zero-crossing feedback signal as
clainmed ip 1Q. ,2 pr y control Il.o |c overnin
swi t ch- rmge %CAhggvcﬁ%r €isn“éi ng‘lﬁ\%nbe 'B% Wi 4 gy Fetye °8ﬁ‘f'\°81 ler unit,

wher ei n t he | ogmgtef irarrststockmc;h& b0z bratk A@azietl@trode sms:h ng, @ainrdectvoric t he AC

Zero-cr ossi ng %@?%C%?ﬁe E re 1%0@ oqeaq léa.rs} c;l' )FETa(ﬁ]_e%jcte QO ai:(hlevgesQﬁC qr')‘&?lgugpvtehe

magni t ude of t gnhal (clai mea

deci si on whet he#pabilitigseave open the DC-char ge-switch (clainmed in 9) and 25
termnate, or close the said DC-charge-swtch so as to enabl e charging
current i nto!0-¥HenIStioniasge af daied i & for dhepurpess af gorgipllive switd-raqsle Mg agai n -

the sai d1BPC chasg&tingWyi the MOYRrel REntiferAhf Ykerdi £ SRS N@lféedtsa%kﬁgﬁél a@d then
term nating. 13. A _second E iority control | ogic governin e AC | oad

actuating beha R C FFrofeHssiag fegdbaghcsi %IB{A)érpé‘H“Q?Sﬁf F’(BP‘I tér‘hetﬁﬁld Cwpesed n t he

| ogi c, appliedconmbgivately after the 30 term nation of the first priority
|l ogic (clainmed in 12), handles the delay before the 19/21 actuation of the
AC | oad in otdém AQagidd¢ srityutaomwémeauhis ramcta'gnedérq&ifmethemrposalﬁcontrdﬂ&nigaaf ter

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
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depending on the current switch state decided by the user. 14. A third
priority control logic governing the soft-switch actuating behavi or of the
said 5 DC powered controller unit. wherein the logic, either applied
imedi ately after the termnation of the second priority logic (clained in
13) or as an interrupt process, handles the different types of user inputs
made possi ble through the use of a push- button switch which is connected
to an input of the said DC powered controller unit, so that the
push-button switch behaves nore |like a sensor device (rather than just a

10 conventional on/off switch) for sensing various push-button actions. 15.

A multiple AC éitQ{%Qn %Wlhé:RC foRd i Qﬁjep% Q£|§§ Plus& O Hﬁ%‘ ['eﬁkgreﬁﬁUnl t LR e AC

| oads, derive from two-wire swtéh as c I'n clains to 4,
via just the Hseptqrderids “’aﬁhef&tfm“?ﬁe@h@ﬂl agunigethe wweatflﬂwlﬂemdt”rfWbﬂnﬁd triac

actuating conggrhdiféh thOcutBR AR dlGy (ROWEr ed control ler unit for each
additional AC load to be controlled. 15 16. Atwo wire switch circuit as

clainmed in ¢ & wsd pridridy (%Jltrwm@j’@gd‘lerﬁlh@ tl(élsbﬁ-ld\k ilchfaUlI’uﬁlh@fbeha@Ql’TBtrthéSQSj a snubber
circuit connected in par i ac .clajned jn and 3,
Cor Cthe SorpedSfpleaRBi ot Rl RO b BT af o BHEET 1b8 & oot e
smﬁtch Ci r cui teramaginaif igdserandgiriaiitygodic tanidedaind 3¢ bapsmnlifierrwh ereesn, t he
cireuit furtfgy djeﬁqupcr.g%s eObr Sl Bk ANR ol SADSHEDE Q! BBE,RUPPT eSS on

di ode (and the nected in par al e power triac as
claimed in 2 awumswltﬂb\rhlflh@ cpuEpRsie aofnputrftiega idgranresd pedtoder wol t age

spi kes. 18. Asd wa i f)@shfb\lm&ncsf'l/ h B&u‘dbe’fs nve Gl IRG: H&n&'(@a’tlf@&hhn h& £, 16, and
17, wherein the circuit further conprises a zener diode (and the |ike)

operati n§ jusFmH@PB%WPﬂ@ﬁEV@ékﬁﬁﬁﬁ““&ﬁvPﬁﬁﬁﬁ‘@8ﬁﬁ@%@@ﬁ in parallel to the

sai d DC-po IIer din edlng
orai e, S0 T A RR P itk Sk atrad crilt Sl o ErehaE S o ng
circuit substanmnainxnhimeﬁwamedchnwﬂhmcmmeIac@onpmnyhmgmdmamfmgs and

Zg?;&ant Pally a&ioeéo(%BII pl%?v r l\I/IIaCaCII[Cg;rtlgraq(H]&l c E‘ic(?uagmg c01111ec§110|%qcﬂlrg@alg Sal(ngr aw ngs.

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

15 16. A two wire switch circuit as claimed in claims | 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 | 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 | 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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