*159159* Two-wire AC Switch using Sw tch-node technology Description f 51
Background of the Invention The majority of wiring circuits |ocated above
ceilings of buildings are twin-core (i.e. active and neutral) wirings. I n

addition, twin core wiring is often used for connecting wa
t he above ceiling active conductor and to the active side @M‘ @mnm nmm' i ng
light fixture. Hence, typically, a neutral conductor is u

available in wall switches 10 below ceiling | evel and consequeHf®¥% 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

outtets are < Tuprg-wire AC Switeh:using: .

poi nt. The presence of both active and nitral hnduct rs in power outlets

make DC harvestm tﬁb cedure that
has been report !

ry, 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

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

| oading situation as well, thus naking the whole DC harvesting process
non-trivi For exanpl .the vol tage across the 20 AC electrical |oad (and
thereforebes P O ing 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 states, while others are inductive (fluorescent |anps, ceiling

fan) armd ol heBackgratnd of therdmvention |anps). Therefore, with the
pllet hora of possible AC electrical |oads that can be fitted to 25 the

ceiling, coupfidnybti mﬁnag%ﬁuﬁtslwaayedtdbate Vg3 T bNldiag Lt twinadord @Rds are
connected in 1/21 ™" 000001 * parallel and controlled by one wall swtch, it

i s i ndeed aféife end RAuiRl) MGHNgsn In ditipRy tydn tcpr,qgvmng is often uséd for connecting wall
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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circuitry to provide DC power consistently, stably and for a protracted

| ength of tinme. The harvesting of DC power fromtwo-wire AC wall switch
outlets is particularly wuseful (and necessary) in residential/office

aut omati on systens where the wall switch, 5 besides allow ng conventi onal
manual (or |ocalized) switching controls, also provide renote sw tching
controls so that the user is able to actuate the various states of a |light
fixture (viz. Dinm via a renote controller unit |ocated sone

di st ance ama}let ﬁtﬂwontrﬁtée%w pathwall swiselp dicis iindsed non-iviahfercanyf DGihaniesting
Soner et sty ptAVRUISC pb G bty Sably AT SRl e 87 'o?) the

W rel ess transce W|tchto C nlc ththe
wireless tr ag@ce]%’a%‘gsuﬁ H?% &avrr%t oM SR TaTS & WiaLF‘tnﬁglr @gmj’gtﬁa
swi t chi ng weful (dsnevessaryilis ®esliIE:nﬁamﬂﬁdfd adothdmglswdtsnghcﬁd e wan althch

novement /|| ve] / break-co tact/ ecu radar /terrperature sensors
where i ]%cg@Fﬁé °‘Y’I’i‘§t°°§l"?m’(9f‘ t’ﬁé%‘é" g‘tﬁiﬂyﬁgb FWE&“‘%& SORtFAly Al pracidenower .

An obvi OUSreﬁtﬁtelHW@ﬂm%Q:ohﬁ'bﬁ sb Shdt Phe/$Rr RadiEoYachfitd ﬁletvgn@ﬁsoéﬂtgseottyﬁ C powver
at the 15 wall swt le this is possible, it Is nonetheless n’%re cost

ef f ect i ve fixguigdrize9n, @HeDino vipewemote contrallse umClasated seme tistance aways fromr ough
t he wal | of

goner at ed (it BrfBue bEAR R §if1cs) BryhCn (BT RRABNMRemen IR, ¢ e
t ransni ssi(dfratnedy bi Urltra:sbmsprm Fowiet mausyb&lgeﬂei‘atéd at @gredledwitth edlptovidehi ps
(e.q. con .CC 1000, RF chip). 2 r circuits with DC

har vest gd%c‘,‘%g?fl the Wgrgges%gwcgéeéﬁtf ‘\é\% ’éﬁi’é@\ﬁe@gﬂ RSPRMIRLEAteHItY Bigr 5 [ 1]
(see Refergindes thasdetven it thE@mets 38Rt et. rFquﬁeﬂO@atn%ﬂ&s t{fls]wucﬁl %%ntréﬂ's'i@a wi tch
circuit was di scl osed using a triac as the AC sup SWtc

har vest i npls be genrpostieh diesinelnding fadditionalf mmnt/bghtrlweybreabrc@lﬁacrt@ecmﬂer voi r
and a volt ti e of .t har ge
reservoir rg%dg/s rﬁt@%&g%cse&% {‘hﬁ&g ?tls Elg?rﬁg %B%f}ﬂl@‘é ?ethpaef d\é%ﬁ%aaqso refl'élae chi ps
were i ncorpmreat&dob\nws sotmmays tidsisaoase bamey edlls Iy protvidelhe Dﬁ]’p@@drlaﬂﬂte
C|rCU|try is a.jeceiver 0 rpos is to, recejve and

i nterpr ‘taﬂ]%t%‘y%@ e dpis 15 Rossiblsnit 15 @nﬁt\ﬁgﬁ ﬁPUﬁ?fe‘EﬂVﬁtt?)BW estthg Fr) from
a renot e GoRer Bbirethe ATheurRhh @At fiGwd fhréh}ﬂ%é @aw%ﬁmt)epowt BR%e WRiGH @ctuate

thetrlacto obtain a_desired on/off | evel . 'In Australian patent
[2], a di freesneHmepasweld R gengreted guirens m.ﬁyslzq @gv@@pdvméae@s &ighr 4sa304 mAatioso used

as the ACg gﬁ(ﬁ‘% bﬁe%grﬁ?&pﬁ’? tﬁﬁl&bops gﬂ aly REES (ﬁﬁ %ngﬁgtﬁéﬁtgék@g

CII‘CUItI’y Cc sting o wave ge rectif
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 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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i nd associated DC voltage regulating circuits. In UK patent
[Zg]21 {ﬁZeL\slce” (r)f aopt o- couplers was introduced to inprove the isol iajtl on and
st abi | | ty features of another two- wire switch circuit. | nl\/glsz'ltz'rradleance s
patent [4], the two-wire switch disclosed incorporated a ol ey
the AC supply switch. This is a significant departure from earAlce I
two-wire switch circuits which uses the triac for controlling suppl y.
Since the MOSFET can only conduct current in one directi onl, an <o
el ectro-nechani cal relay (which can conduct bi-directionally) is als

i i i i4. The FET/rel.ay circuit [4] can result in
| overheat araor and Mafibied tC ol reshlatos pSHE i U it Blisbevenaf opshe

UF ehos) o 0t he o ooyt e [Aflohaind iy 0%, O ek

i tches nd 10 the nagnetic fi | _ _ Y
may. cause SUTEVIER BFHEr Bnakstalian prgdAL, g KongRh iGmesaoporads
Capabi 1111 65 ol co nose e af sty sRief TSI itk Twgture em ssmier any

iljti SO uses an - :

NOBRET hor - ie aeieh cavenis odhies obestfhe. 146 oMebneadibil o Gauply eak i ©
switches  GloRMEf YandniA0 enabl e the control of the relay Tor supplying
AC power to the ACI 335 .oq%gdl%%]{}telp,onf’ﬁére@i‘%ﬁﬁ ¢lertionsrhanidal reles(which bri dge

ifi j i iditeati t rs S When t he
o o b P i eaionuy)els ald ROSORER! ind fhe/BHOHRD TPl BSHE o0t 10

har vest irﬁg%%hcaw%% tgﬂ i"e"i’%&‘ggﬁ'e ssipgtion comapardivetiactbased ciati)s, Hoblevercur r ent

e of - The. staten E; oy ronsosltdy e Rt fharPhSie ip Harofiyavtiheehuiour rent
t mta rsdae _

to: gng;@r trrg ¢ ?f\taglﬂe%ﬂqafwllﬁb@namgng GromChp cabsyr coilh@hidthfay @ade dine RiferferencbN@€e t he

: i i i f DC

tt ected jn serie with the | oad, the_ angunt o
gﬂi ; 2& t Lrg{bﬁf;g%ﬂ%féoiﬁgrséggggﬁlﬁg‘}‘h’g’nisﬁétlvasﬁergéﬂ’t) Pate%gﬁ% fq;mpci)\gli)?mf% F gst he
ot oa 0 Sk e o aeonact ap g sty By ARERELGLES,

tated in 5 .gher. val u _
For  power Ry MESTPLAGEEes drucs IR GponeappY O Gl (W Ch
pure. el ay smTching. ol reut CTrherpapepy 8 pO A peneth BF A Ra) i ¢
witching cir N [ 5] _
o, e P aniotesaciont s ot it g,
1 1) SecoRhalRAPBLeHh® | BEUASIE (Rl & Lonscy (i ch o
t wo- wi r e IfificrdperitesctoiHasvebtoD QR We SVRHTKE MGadGEPAP 1o\ infiedance state), the

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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3/21 2 Specification 2.1 Bl ock 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 CC 1000 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 contro e& usi nﬁp't?&e ame base architecture with mninmal conponent
additions&« P mﬁﬁé ! e notable differentiating factor in the 10
current invention fromprevious art [1-5] is that the current invention

makes use 0 j,ahly~.efficiant ] -node technol ogy to achi eve the DC
har vesti n&-Jf)r BJ§§@D!QQQ&§@%3W°%3@£Dt hat swi tch-node technol ogy is
anot her nethod, of stabilizing.the DC epn .St OF DENR-O&t
reservoir. | nsirg%lﬁu%efl?g{yﬁ@téoﬁ’tgql%cﬂgfas T)E&\"/gfl aé% S%t%%ﬁ&o&nmgl rcuf?és%?m%s ual Iy
Ey \li\/ayhotaﬁb{lﬁﬁﬁ §id§[di1ir11g1D€_€cEdn%ﬁt whasmi@ Zette mAdlhvdnim hissm're ﬂbﬂrwﬁ%{imctmlni ques
reak the current chargi ng path, oW n e .charge ervoir..yol tage
to depfet owerRF éfag%ﬁlfVFlﬁé%Eﬂlet@épc%’hg‘%qowg‘_sg’ﬁﬁlraéﬁﬁs 9 g“r‘?né@;‘i"r‘f.ug e

Swi t ch- m@ﬁné@&\ﬂ%ﬂ@mﬁgtﬁlﬁﬁg ATRAY $or ORINEAA T suppiYith € ABdEad\PhPse of a

transf orners active and neutral conductors are availahle),
they are mddc elsomabloivy fangimpying fimctionalitiono The rcarrenti Inventiogeisadlpe seHehle t he

neutral conduct or on e acce I hdi whose
Vol t age | SPhatsoy drmilifie SR clBuf R B2 ST L8k 1 b BBy A

cl ai med t hghinid) @ompd&e Gidditieds. DEsrhaparthie sidre gotableh diffetengytings faswirtinhtheode.
Experts in this art should al so be fam‘ligr that. switch node .r}ra}rvesti ng
ci rcuilfs apmensapventien Bpmpreaensiasd I m) dhibat the Fyrzspf inygptiogmakes B3¢ OIHgHIY, (| ess
heat di ssipated) iRm0l kams1d; gQHla%Bi%de e Dar Naodsting peddessdilt Should Gere 1
illustrates the bl ock |agramg B) of the current invention consisting of a
25 two- wi metedvihdtswitch-mode techunlogyois anesher methed eftabilizinghe RE ensrgsestonsti ng

Current) suppl via active cond 18los kit bsdafady LAC
(e.g. al éﬁﬁ'ﬁl%‘ﬁ‘@f THiTEPE" {Iﬁt:ea(ﬁgu(folrﬁggﬁ{og%ﬁ%%&tggga\f\%% ) O:BS onl'y ?nd?r Sctly
accessi bl ydyfS reVib@er Alsdrieadith AZenerldied SBwittlpadode tichniqaes treaksths carrert
several key conponents as follows: 4/21 .

15 charging path, allowing the charge reservoir voltage 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 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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An el ectronically controlled AC switching device in the preferable form of
a power. triac T which is connected in series tothe ACload L,,,,. 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 swtch SE ,
whi ch enabl es/ di sabl es charging current flow through the charge path
resistor R, , so as to charge/discharge the charge reservoir capacitor C,
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
noted that® e"ondeqttdn'wnlﬂ.l}' cvmttctlhgek(E eyittling devicd incthe peeferablelfuinngf hipeaktown

zener di ode 0 nents . absent, i h urrent invention. A

control |l er ur]ﬁ"ic éﬁ%g(‘)ﬂrw@?%l 13 seres t%é"fl&@h@ R:based micro-controller IC,
o1, LG (oD Sasl GRraPesiid e Ghy &l SRR LS Sl Syt o
control | er unmsto pr@iifld futlrmavielrectifoation togildC Qﬁ)lrédnélu&‘eﬁﬁ) adrvedting irtuiand its

behaviar is configur I ei t her t hr ou sof t war e means _or hardware
means. 9 n hdd f;‘i’rﬁ’%’llll @GJ trPBICb%“ﬁfie?aer‘ﬁIH en@&?ﬁ/‘}iﬁ?&svﬁh@wl&& cyrggs flogih e

vol tage conp r fere nor e talls rovi ded
| ater). Cont ?lgrﬁﬁéh o%]fecrt’l?1 EHII e"iﬁ |mnae%}sﬁ &J g%ﬁs go c%}r%?/ glé‘g’afgrﬁ %’e ﬁligerfﬁ?eﬁv

cat egori es agshaki &tcedméqelgﬁlggpcasw g sor fsnddiB O¢ ensur e
stable DC harflbgsttl ng ( PLDC ): Trlltg ffr%texﬁ%{ralsoértl tylil?gtglgg)c Dgéggzvglt%n%ur es

that at all formethe batisibf the amitclhuidde @@ hirveing adchaglegy. It shulk s maed tat t he

positive DC Rail (Vdd) th respect to the DC ground rail (Gud). The
nai nt enance %‘rvev&a’ ﬁué’i\;\ftarg@ JESFtHEe fiiropLs B’t"og(iﬂ%/ Yeekdowa fasperousigdown DC

needs fgut al §@mpéhedts a@iﬁséﬁtqﬂ%&ﬁmm@%t}ﬁd devi ces which can also be
connected between Vdd and Gnd. For exanple, in Figure 1, a RF (radio

f requency)® TH futRHer(UnitaGE rifor exafrRbes en 65 D/PHEAV&bdsaDmleroa;bﬁmoldm MGeot ed to

Vdd and Gndt royviee thet tin drec rface for a
renote contr ol II@ @B%hctatlglbé‘?eﬁ qéin «EPP’ gh’gﬁe F‘Bcﬁ'te h??ggé’ﬁetﬁal%ytsﬁﬁ’cémaway
from SE . Tocashilleh@ARGupplyveviich Tind\hd Deghargdaiech $1 URetshitronan®liy | nput
DC det ect si %Inal DDC and an AC supply zero crossing dét ect si gnal DzC, is

fed into twoGlhisumns thsfcopulagic pf theiswétch hizcuibaskidnbshagibR is configurable either

15 through software means or hardware means. In addition, CU is to be preferably
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 ( PL,.): The first priority logic PL,.

20 ensures that at all times, stable and sufficient DC voltage is maintained on the

positive DC Rail (7, ) 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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voltage information for CU to perform coordinated control of T and SE via
two of CU s output control signals OT and Cpp . It is noted that

coordi nated control of both T and SE is required because when
DC-charge-switch SE 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 LAC). Since the
charging of C, occurs very fast (less than 1 mllisecond), it has IittIe

(PLAc )< The sedined BTHAoRo1 Ghie etk seot rsielicafons TirES Piatgo st '« ner e
I's st abI e and gypf ibhh ﬁm:or%l F@%g@:gﬁ aﬂgd heltgg%'o e!dvtﬁa déogrc{i&it@ Ant‘xgo (3?) Wi th

respect to the DC gr und rai LAE i's achi eve control
logic in CU whbeth Tt §,0is rédéred b&@uehentDCbhirgbLswiet Spis closgd ab ekliblé S
energi zed to actuate T. For exanple, to dimLAC, the triac T is actuated
later than whéw chaging of capacitenxCjuthe bnidcdfmnegde opdredt(bigh ithpedaha) o thabe
actuating S|gnah on triac T is renpved so that triac Tis in

hi gh- il%‘rpedance FegRe GB‘ﬁEﬂ}&PP #@Ws‘f"é’t'ée chagee reseiyPE G drafieh e tabi)- Bisaeh

h I f handl
ocal i zed swi t I BRRECS oy e e iOsRL ) afifieona Btes ettt 07 ocn

push-button swiHeGAT SppRptol 1| Ustrated in Figure 1. Unlike a hard switch
whereby its use necessarily“mean the closing or opening of a physical
contact, a «olLbgisub icotrrdli K& sigsply swizanNEPLE]: The eeuwdndfprickityslogitpat  Aort pin.
Therefore Ss act_20 like a sensor or detector to CU for CU to sense the

push- but t on achdnsiedhydCUtas lang|as thers is stablerand spffigiamt Q&M@Em@}l Biegasitive o

actuatg the AGC I a tchllke ‘
Ss, steger al ditfer en{_IA%C)V\A %ﬁgﬁuﬁ%tty%gs\%éﬁgldbrgﬁ(gﬁﬁ vEd S%a% %Ve% Jt? K si ngl e
push- but t on assLedHmsl 10pREE CU GatidhyoonBSSME ifRbh8&hcYitd mhldﬂeconﬁwd&@m d.yention,
PLsoft contain 25 control logic to sense whether the soft sw S is

pressed with aemshgired uictuate Bdor exanapie] to dirs I, s, the triacF Blaewated laer thad of f
command, and ~ control logic to sense whether the soft switch Ss is pressed
with a | ong pé’h%’i it at JBaximAmbrighiness Tosturmier Bt By aevglaangnsmwln@

Do net O A AR5t S STTRARE 755 Al SRR, Mot fndtitlng sl ™
15 o Logic to handle Soft-touch switch actions ( PLy,,): 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, PL_ o 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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fourth priority logic PL Aux 9 made up of the remaining processing
capabilities of CU, is used to communicate and interact with auxiliary
devi ces. Sone of the nore popular auxiliary DC devices may include

| Rf radar/tenperature detectors, 5 novenent detectors, or light |evel or
security detectors. For exanple in Figure 1, a DC wireless receiver
auxiliary device is illustrated. After receiving RF conmands fromthe
renmote controller, the TX/ RX device LDC infornms CU of the conmands

recei ved. Subsequently, the CU actuates the traic T appropriately and then
informs the TX/ RX device LDC to transmt an acknow edgnment frame back 10 to
the renote cOnhtheBiG & commuwieate eadt intesact prithoduxiliatyoBCcDPexts) AL §, he Thecond

priority logic,PLAC.s directly related tp the frequency of the AC supply,
i . e. 50/60 Hz, © IPBOstB\g’tC Hsmomage HBé?fége ETN3RINg PR FAPapikiien o user

i's using the soft gy ; Lgai.Li : [ of the processing
capability of say, \gbéfgtgﬁﬂqﬁn%&cgtgzdhg%éﬂagt?g% @"g“l‘ii:ao Hvrli‘feéa Oé'f,lé)?ﬁggp’z%‘i and
control a nul tipopdler ofuxdiaxy | DEr yledzsd eniyc éscludk5 [ISeadar/fmpeRingei 868&@6rsi N
regard 4o the two-wir wi.itch circuit. of Figure 1 are still_  unclear. For
exanpl esf at i ni%ll\lg‘é_ egf géfc-t?fﬁ’, oré%‘f é(elr‘E§8?‘VgY fletectorsg FrfFepPiia Rigwe 1i s

| ncapabl e of paNEE ngirtlBssChicoiSenGax byl Aefiel POMBHRAMPARY rictividlcagad! e of
actuating control signal ODC to replenish the reservoir capacit , . The
next section pri§Wnedds figpy the germete centeller.ithe BE/RKadeyise Iy tnformBECEHd tleexpl ai ns
several inportant characteristic of 20 the CUI1C that allows for_ a snooth
start-up of t he°°-5“&‘i’%”§%fe°.eﬂ¥$%§"ilb8?ﬂ“eﬁ* e}%&{f@pfua[féttléq fradc Jrapppprigtely §nd ogi cs
PLDC and PLAC ahén fif@uisdBe TRIRRQIERIcLE . i Gamtinfit B SckndwiedDBA Lgeui t
Specification Figure 2 illustrates th& details of fhe pr gﬁ%ﬁﬂrféﬁgg %%i ment
of thellcurrent ththeemmbtercontrélber. Siasethe fire ppibetydbgiorrr, ) bed thelsbaidngiorigt at i ons
are introduced as follows: 25 Vcu,min : The m ni mum operating vol tage of

CU, as reconmend®f Hyc s dirselngelated de dhe fregueneyofithe ACsupplyei.e.c¥s0 Hzent and
predi ctabl e op i f.or an unlimted perio f time. 7/21 Vcu,max : The
mexi num oper at S’?\lgfev@lfal&gnlgfne fiogsra’fﬂé)(?garﬁfﬁ’ﬁggge‘b?%efés s thasfreich t o
et od o f e RREhTLAN poRllh iR biooBRing ABBIAY o Say, A 12 ety U b

be used to communicate, interact and control 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 Veyma+ 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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VCU, op : The optinmal operating voltage of CU as recomended by its

manuf acturer, to 5 ensure a stable, consistent and predictabl e operation
for an unlimted period of tine. Usually, V VcU mn +Vcu,nMRX and V d so
that if there is an slight CU O = - 2 dd U Qo any variation in the DC
supply source Vdd, the operation of CUis not affected. V,~ The internal
reference voltage V,, used in the voltage conparator function of CU.
Usually V, < Vcu,op VCU,nmn S Vdd ~ VCU,.. and is internally generated
within CU as | as. V,ef is al an ol ute vol e reference and its
Val e i s adepdRaanRy Gagrin kaheE 8 CBF 5 ieSmend Ry ErUERTanG ar o
provided in th xale] i Triac. ac i pt for
AC supply to L%gtnl%lnéL %@? g&%%wtnﬁgﬁ% %d gcliagogzeu{;l’%&%gﬁsifog? %1 r@ﬂgﬁ&éﬁg‘éﬁ&%ﬁ and R8
and opt ocoupl etimel form 15 the sub-circuit for actuating triac T in the

first and_thir uadrant. \\hen triac is actuated, . AC.current is supplied
to the ACI}eLI-fei:&P?quilm?]o%RfrzE% ‘fotlt*?%e %Eyala%reﬁom’ﬂe&ge‘k ¥ dlS CRATHERCIMEETe (i lrognt,

CuU h | ' T i i ng. .er t duct
romentar v gat | Aot 28bls FerRish e Brecloa Bl bR o ARl et pitod )

di fference between connectionypoi sg, MI and MI2 when the nonentary gating
vol tage 20 is BEpl Vedllyt¥uwac T et s2UFa Efftu.o, WP &t ifiHBerg 3t et slight

di fference between MI and MI2 drops to zero (i.e. AC half cycle has

conpl et ed) andvartagivrin the DE gapiysguelrs e tieppkiaton of CUacnot hffsttedhs conduct i ng.
Therefore, for _the triac to continue conducting in the next and future

hal f cycl &&,: alhoiiamal refergaed yaltagr Vg euspd in the upitasg compiratos fipictierlob€ler every
zero crossing _point of the AC supply. For this purpose therefore, AC
supply zero crB8¥ll}g etlinaciands 1%i@é§!auz<gelﬂe§ate‘£eﬁ’ltb1}1 &Vt as dlengr A ne t he
right time to gpply a gating pulse to turn triac Tagn. It should be noted
that when T is%aflmlhéa{/dfy-g&amdug@i‘ﬁgaﬁzsq n plsofiye VBE@%‘? midenss adaity¥elug i state
of T to be non:-gond cti?g, (i.e. turntriac T "off) imediately. Only when
8/21 there is e‘beg#?”ﬁ@ Vet t age applied and no potential difference between

M and Mgy, re_EI_ i hd &étﬁfed-gxtllﬁtrl]eg%%?axre%rd\%eﬁqnTt}fé biiswigRedpgducting (i.e.

“off) state. Zero cros
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 7" 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 M7, when the momentary gating voltage

20  is applied, triac T conducts current. When the potential difference 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
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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f.eedback signal Dzc can be connected to a voltage conparator input of CU.
If there is no voltage conparator input, any normal input port pin of CU
will suffice as well. Both 5 input options (i.e. either voltage conparator
i nput or normal input port pin) will enable CU to sense whether Dzc is
above or below a positive voltage reference either equal to Vref or
approxi mately equal to Vref, . In many commercially avail abl e CU devi ces,
Vref & 1- 3 volts, which is close enough to qualify as the zero crossing

t hreshol d, since AC peak vol tage nmagni tude ranges from 140 - 325 volts. 10
2.2.2 Vol tage divider sub-circuit In Figure 2, the voltage divider

sub- ci r cui thereodagiosgating voltagDanplied aamd RDpotental idifferenpei beeweent MTpamt MR, a

vol tage leyel thajf .is sone fraction of VDD, Thereafter, the said voltage
level s UexagsTihablspe laichalitsaprm-condndingelier ®fBhetatsi Thes zeroy olossing

t ' ; =% | { ' N ti
of Vad a5, F B RRIone) o be SERIeAT: p O ook B Rt BRCT Rt i e

vol tage V, voltafe ds@Parktdr i, valy! @ERaL APRAHE: Pin HEE WAD sicC4s Wl Hith

maj ority of devices capable of CU functionalities, the internal reference
vol t age V, PPY<epdions ge. githar ygltegsngoammarater inpwtoar ronwal ispet fortapin) will ehatidie

i mal i.red ize.CU .j.e. 0 <V, Ve, , :
The opti e Cvarrig it e id Bk RORLY béselwe*%igs? FFé?feg“selu% § el inge |
degd b 3 ti t.i 20
CO Tor an- OFl S Veg Rar el fe. ot el Rl GPTIRRNar e
with ADC fanal 89,0ie whith fsadlose QHM%"E%)/ H%%lifx%%{'ﬁtg%ﬁx%ac?os@n%?hrlg&oﬁjds %ﬁlg? m"e ver,

it should B noted that the maj o ari SORs are reée to

the instarﬁealae@lwige\{d%&ﬁﬁﬁetlaﬁg‘esmapuoe%zstvelt%he CU. Wthout an absol ute
vol tage reference, ADC conpari sons may not be suitable for the current art

since Vdd,_gn its own, is not stable. However, if ADC inputs are to be 25

used, herR-£i2 i@lﬁﬂgemﬂd&! sybcixguit ADC conpari sons are absol ute vol t age

conparisons and_ independent of the current Vdd level. Returning to the

vol tage di vi deP Fégure gi the ivaltggeglividergub-pirouit ronsisting of 84, tahdtR,f, hés reqhivek of

RD; Y, , anq RD:v,2 is chgsen such th%I RD",  =V~1In RDv,2 VCU O

addi tion, P EEUPSP VOUARTLEY thaks sape Traghign R, - T herrafiete thsesaidayodiegs eyl ¢ hat

\?ﬁ‘gﬁr DgICS 3% g%g'agghéo%qgigr?al ?ﬁﬁé é@gﬁg?&s ¥ SRor TR %lrtzfglélc%mlpgra o?%plugi)ll%ls,ei'.e. Hence,
Venp.pc - The main reason for using a fraction of ¥, as the D, signal is essentially due to

15 the internal reference voltage V., 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 Veuop Tequired to
energize CU, i.e.0<V,, <V, ,, . The optimal voltage Vev,0p 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 7,,, 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 7, level. Returning to the voltage divider circuit in Figure
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to CU that VDD is bel ow 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 electronic solid-state
switching elenents in the formof PNP transistor Q and NPN transistor Q
Supporting Q and @ are resistors R2 , R3, R4 and R5. There are 10 several
i nportant features of the DC-charge-switch sub-circuit and they are now
explained as follows: 1In regard to transistors Q and t hey are
conmon- emy tiefs hdted Mak it valved 6NRS, (NS, ié BRésen GAEH Kk | 20l cLIEUI tyi s on
their collector side). It should be noted that when @ dbrducts, (i.e.
on'), Q cg_nducts_ char gi n% current to 15 the charge capacitor C, .
Conver sel WAdiiARfetigtor waluesigt Ry andsR ), shouldbe largesyrhdhatipowet disgipatiogring  and
Q@ are ex

tly in tandem .th ca nsi dered. as_a single el ectronic
cwi ton b gicdieef i GRE R atei s Sieie, oG HEFE Mo tratoBibd £, 1t izt hor
i nportant f r.pnr rd_to the DC-charge-sw.tch,sub-circuit.is e
e a4 S B R e g PRI HSHRYY Brve i 8,005,
initial sttﬁe[tt&fups, bgt;gvi,ge 20 reservoir C is enpty and thus is incapable of
powering up » SR @i s not powered up, it is incapable of actuating

control signal ODC to replenish the reservoir capacitor C, . Now, to
overcone the 3 PeiChardedSwitdh Sube@jFRuitan | mportant point shoul d be noted
inregard to CU o The pin of CUi1s always a high inpedance pin as |ong

as Vdd < VCigiid aldd\BluStratédthe refetiddedmbodinfent 81 e DLebfbe-oitOamRIcLR! | Y
avai l abl e CU devices that exhibit this cﬂ;l)roperty, i.e., before the supply

vol t age r earsismgidelasirphimsalidplaicawiishing elamayes ini the form/efPNPransistog, al | of
its general E@&oose. I Orézi gﬁut/out ut &i ns are by default,. hi 10/ 21

i mpedance 2Bf NEN EHISISIGTHE - SUPRATING, By #1idoe: #R Cesifias RyuRmi R $14 Re TBEFeA Y t 5
oper atjpng _ i [ C ol n.. he. conf Laur CU s
rart p sandl forll Pedred ot ol BEARBR. IR R GO WIUEE, Ry 7
Wth the akphmsdadfofowperty, it is thus noted that at start-up, since Vvdd

0, OOCis a_ 5 high inpedance path (since CUis not in operation),
Ther ef or e *c i Fe8AId 1P |t3RsIPtRTScQNd O, they are common-emitter transistor switches (since

their controlled circuit is on their collector side).

o It should be noted that when Q, conducts (i.e. ‘on’), O, conducts charging current to
15 the charge capacitor C,. Conversely, when Q, is ‘off’, Q, 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

U,min *
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.

Vev.mn) OFf CU, all of its general purpose 10 (input/output) pins are by default, high

10/21



will.avoid the ODC path and instead flowinto R5 and into the base of Q
This causes @ to conduct, drawi ng current out of the base of PNP
transistor QL. Subsequently, Q conducts causing the charge reservoir C,
to charge up. Once the charge-up voltage in C, exceeds VCU mn ICU starts
operating and the control logic in CU now takes over the 10 control of the
DC-charge-switch actuating signal ODC . In many commercially available CU
devices, it is common to find a | arge operating voltage range for which CU
operates stably. For exanple, between Vcu,n in = 2.4 volts and Vcuym = 3.6
volts is common for a Vcu,op = 3 volts CU device. Since the charge rate of
C, is proportiioweaflance pinsh ©nsetetsupply AGltagmpptopedsolly, e, the FE afacts @perating t he
charge voltage in C reaches 15 Vcu,mn , there is nore than sufficient
time, say for 2Rdithe getaulbbigh snnedance sinszeandisconfiguredtby CUS sarhtip dogit ¢mi ¢ t o
control ODC b A VCU, m . When CUis in
operation (anggp?%&c%%glgl?ﬂg?q%&#?gﬁﬁde& 9%%g/§)§g§vw tch sub-circuit is

ei t her cl oseWithithe aforesaid) popergy enésdth(s neted thdtfat schepdy)direg 1On=6 ho, Ad &

out put vol tage on in ODC . Associated with keeping the DC |ine voltage
Vdd st abl e dRgh énprdaneopajk (since CHOis inpbimenatdtion).cPerefoieonerenr SowenfooRred by
CU and t hey e now,descri hed as faol lows o Stop-charge operation: \Wen it
is sensed thA I%B@Nﬁl?gsg"éfégb ngjead fllcfw EEP&u@BEﬂ@O?}éegquB\RFQUT@.S CPsgY| t s)
on ODC , thepe i r h se .of Q2
shutting of féb@c?%?g&h%ﬁ%e@roﬁggs&gg@e %érae\r%grw %Jrﬁ S?drpaéi’ssg Sg ue&,ﬂy’ Qausi ng
Q to stop aondutd tdiging Thechastd REEvN Ct B > O1R8 eV letes
25 as CU and auxili arygDC dhe/a% ces are still hg(?;lgfm r%éDC? ?Sf)g& f%%?ﬁgr

possi bl e  st@pesckeisde, apafEstannopaatingand dsceonbeblogk if A1 nove takéheverithie | S
sensed that DDC has exceeded V,,f , rather than shutting off Q and Q2

i mredi & el y,conitoly oF ahe f BE-chargs-swiitcreactyating . signal sOgan Iibemamhicemetraialisng

count -down t i ner hese .are standard 11/21 features_in many_compercially
avai | abl e a&van’zﬁ’?%@éiﬁ%eﬁ IF RS CHH™ li‘)ofdf'ﬁgl"“ rgegperatigg volipgs rapghfor which ¢ o

i ncrease it C@pbags std)0Fdr Yeanpsle, bewdenng,, . hab 4t GRage a4 6 Wi & 1S
related to the 50/60 Hz AC supply rate, it Ts rather strai"ghtforward to
design a debmynondbue V)5t 3ewqiisiGis ddéden Siacd/d@ chxree efls olVeUisProfctiistagtd hat
woul d render the CU 5 inoperable). On expiry of the del ay, proceeds to
output a | dhe 50/60etlz AQeslppEly somce, GBGefore, hehabihesdhatdei Vidtagé fin @ réeHes The

second _st op-charge operation provide for
15 cumin» there is more than sufficient time, say for a 12 MHz CU, to initialize and

execute its control logic to control O, before the charge voltage in C, exceeds Vet ma -

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

cU,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 Vs » 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 o)

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 Dy has
exceeded ¥, ., 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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nore energy storage into the charge reservoir. Consequently, CU can operate .
| onger without requiring a fresh charge. o Begi n-charge operation: CU
perfornms the begin-charge operation as long as the 10 follow ng three
conditions are satisfied: (1) CUis currently in the stop-charge state
(i.e. both Q and 2 are not conducting), (2) DDC has dropped below Vr,f ,
and (3) the AC supply switch, triac T, is non-conducting. The first two
conditions are rather straightforward while the third condition is

oad L PP R R g o iRy %3}%@%@@”&’%%%2%@2@%h?@iﬁ%&iég‘%ﬁ% cal
f |V|T2

Gonsequent |y, ~Echby e SARIRNIAR: BRIORA 7.5 <O he e cobialahf of

provi de for D%‘ hevelasit th gk 5d71%‘ﬁ€ A by % prggﬂgfé Gharf 8k &Pﬁéiﬁfdr@&d%%&sfl??

coordinated w'th triac T int However,“a tri ac

operation is delty $aluéihapbpis befotsSt,, rem&s ch; t sinecthapdbild réidente CBF.  As
mentioned earlier, when triac T is already g conducting, the only way for

triac ¥ to bentopcnabld) Quf ¢xpiry otfdhemﬂayaﬁw protdeds torciuaput ag &tw’r(ge.\ovdlayen and to
al so wait for fhe,vo . pot 'a ossNrI' 0

si npl | f;/ t he é@@r@gﬁg}'algﬁ%r%tﬁﬁl % %‘af%?g‘?p@rqtﬁn@ﬁm%ﬂ f§Fso
sinplified), gole Qﬁ&g? fd? egﬁxté)nﬁ'é %B%& g@ ’reée{‘voﬁx‘e%ﬂng erétjtl}s, gﬁ' dal 'naéﬁ'egaté) nly at

zero crossing point Csupply as It is on ese occasl ons
wher e tr| ac qunacr\bldloagmqumnigziresbclhwgé off Of course, if triac Tis

already 'off, gt he n- chay, n be i medi.ately with

wai ting for tﬁggl?e?%g% %%%i“{%‘g“ c(gir’{d)ef bgggﬁnargpmvgpn as i‘?’ﬁ "}Q‘

char geor eser v@llowihg thittetcohditio@sirg Bﬁd;ﬁb@ (h))ecvaé g@TEIg Us fhet sorPéHAYdehtate -
reliable DC power for the |longest period that triac T may be conducti ng and

cannot be t ukife8othgrand;@eare npy eanduehinghe@d Doe hat drppped h?l?‘éd@y, angf®) can

al so be treat i f 12/2 tri Tis currently 'on'; s sinplifies the
begi n- char ge g’(’?ﬁqta(fé‘fpp PoRyyiEe f'B‘rac%lc}S TOR- °°§‘¥H?ﬂﬁ$§r e\ﬁﬁ%ﬁ""?ﬁ"‘i‘“@“&‘ét"é“ﬂﬁh@éd that
DDc has dr Oppﬁgalé}ﬁfo%rﬁ whild the tﬁitrd rcbﬁdlﬂﬁﬁs Qﬁﬁredz&chusQr\QI%' {he 'EbOTtlg'
gating voltage iS applied so that triac i's abetolatcht0|ts

state. ThereaﬁQI@ﬂCtﬂ'@USprtb@dbdsleptmcohbpduthcals fonghan extrghely dbe mdpa@nct ur ns on
5 Q and subse %uent Charging current flows into C, via Q and R .

Wien the chaPy (T‘lé?éfr Wi‘"r‘“t?“‘t? és fosmpd Brigteer conestion ppinshilgandMigeSs (as
described ear i:lgure) 2. (S‘,onsequently, 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 tumed ‘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 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 7 is already ‘off” can also be treated as if
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initiated. 2.3 Details of Priority Logics PLDc and PLAc For convenience,
the follow ng synbol and its neaning is provided as follows: 10 Cmd(x,

Dim: Conmand issued by a hurran 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 = "On'. For exanple, Crd('On', 0) is a
command issued to the current invention by a human user intending the

el ectrical |oad LAC of Figure 2 to be supplied with maxi num AC power 15
(since Dim= 0). In another situation, Cnd('On', 7) intends the electrical

| oad LAC of Figure 2 to be supp plied with m ni rum AC power so that maxi mum
di mmi ng ef f ecttgafa?' éS caxgrdlyi ‘enc s saplifies skg pegu@nhp(rgacpntro@@gw faraf¥) In nt ends

or i mari Ly due TR yﬁee?ﬁt st et docthapitadBod,Beln™ T 6F R
I nteraction e'zte%ed’r Hﬁ ?m&%tlﬁg %ltatg(l:e) li'%gb&)ﬂéﬁ ts@fhatstna%{ 1sgi)PL{9 B0 tanX' ITary

20 DC powered vmre course

shoul d be no ‘bffmwtat Tnemaft@ augitodeedy toC(Qiﬁfﬁtﬁr&d‘highf NBie 5, tWhidh gy die
provided by the current invention. For the purpose of facilitati ng

expl anat i on f ap, grd smbsdqyenthyi@; sChirging caitehtFlofys infot Ci €a 43 SmeR]. When lthe t upl e
command Cnd(x, Dinm) is being used. The details of PLDc and PLAc is best
expl ai ned t hr chege réservosgeCois replenisted Sthedstopkrhai2b prodess(as dessibedearlie) is known
si nusoi dal tine waveform of the AC supply presented at connection point
MI, of Figureiditiated. j s assuned that sone time prior to the first hal f-
cycle a user command Cnd('On', Din) was received (either through PLsoft or

sptf\?lxc? ent %]%%'ZSU ng;@é"g&:%éggdpﬁéﬁg&ﬁgflﬁgﬁqgh;g?yt ?oe?ﬁgrgl ectrical

| gad LAC: The rk of. PL Iac t, after ever r055| ng poi nt
of the AC quWO ﬁortv\ﬁﬂ'ieB‘FFDgﬁrfa ﬁ‘éwﬂ‘ @&nﬁys E‘Bavpﬁlssl?r@% ?WS Fi gure 2).
As meni Or@ﬁd(belbﬁ{)e,ConﬁnéMae&sﬁéaebf@ RUBR MsdPOdfeiiel @lrreRf iiBRatibl)ewhdrb 8C T
goes to zero, the'triac T does not conduct (as marked on every ZC point of
Fi gure 3). Using thirepresspisreitheri ‘Op, opiQ5e apdéh@éemese@ts the diselevelesay 0to 7,

DC- charge-switch SE 101 l:u‘ vol tage on ODC . DC charge
reservoir C, is subsvg%%ne tpﬁg“dlglq@%éhe ‘The charging tinme of C, is

i |1 ustrat d&tbriexanple Cmd(‘On’, 0) is a command 1ssued to the current invention 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 tufned

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 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 M7, 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

ot OF PL,, ).
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shaded DCH regions of Figure 3. The DCH regions are characterized by T .
being 'off' nd 10 SE "on'. During the DCH periods, signal DDC is sensed by
CU so that after sonme tinme, i.e. at the CF (Charge Full) points of Figure
3, PLDC has to open the SE switch to prevent overcharging. This conpl etes
the PLDC priority logic for DC harvesting. It should be noted if it is
sensed that DDC has not dropped below V,,. (where V,,f is defined in
section 2.2.2), PLDC does not perform DC harvesting (although it is shown

1 s acknrRagul Pl “Rofhe A RRLR e et ool RERE s Rl st i ng
at the beg}{éme&igg{\hesugﬁ rté{tléglélﬁ-\eéale@gﬁlﬁ’ the anmount used is negligible and

doe_s not ct r tot ctfcal |oad LAC. After the DCH
periods, the wamk vadrk RIEASE L AKQS IMRNjubtOaffts tavailyezdrd @rdiink Qdtht LdtGhe AAS

illustrated in Figure 3, BLAC caters first for a D m perfiod, characterized

by T and SkpplQwhiok bari be ddiectedoby CB1dh eigndlhd, hindhigure 2heAdinsatiodeé befogguest ed
by the user, the longer the Dim period so that the desired fraction of the
full A€ povien thesAGehpple petdntiad actioss the etrterT gees té o} the wi@e T daks pot dohduddi m

i od, | T | d del j : : f. hg] f I
Cac *a (e bepBnlPbSRprRene i Foine Sschiinehiondhe PGeGAM e
i e ndtt dthe
T The. 0 Rar e e BefchOsy el Bk 4 PNy TRat 1B 08 - TRTEMAEET 0"

In this c et | : : e usual
DC har ves??sﬁgogcﬁ %gsru ?%ﬁg%ﬂﬁgﬁgiosfé%&%’lﬁe ecz?gl'ggg%%]?elm? g é}ﬁ%\{gﬁsg%l{é;}elgw&?ch (i.e

triac T). shdded DOH regivak abFigufe 3. Tk DCIPAsgidnk @t dheractbE zdBEsit T BaIgE ‘oFRrhier, the
current invention is also scalable whereby a nultitude of AC |oads can be
cont r dPI edsusnndurig thaREFhperiodar ignal dt- s senakd hy flhsatiat eftsmsomertime,
additions. Figure 4 illustrates the preferred enbodi nent of the current

i nvent i on & AheCE Ehprecol b popy ofFigure 8 Phstehastio pgen theds Switely i revent

il trat t Ci it di for. th t f ot AC | but it
shout d be RpEiiey [lls Somoes o chror driohly Toete BRASC damertie. oot br ons can
be added | t iyl in.Fi 4,
ccati ng ugOiefa sdendbfhc g hab W0t Sboncd ¥l O, (eHShs 36 Bl i hGS

i nvol ves bhexnagdi tine g%f Vllaeéga%fr Fhatvebtff f(gﬁlY(iu%ﬁ iﬁgghmpﬁkﬁﬁur@%ttﬂétca%épl er for

triggering the tfiac e rest
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.
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 7 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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10 the circuit involves connections to available 1/0 pins in the CU unit
and thereafter, a control logic update to PLAc so that the CUis now able
to actuate multiple AC supply triacs. It is noted that there is no
additional circuitry required for the base circuit (consisting of BR, SE,
R1, C1, U, RDiv,1 and RDiv,2) that provide for the swtch-node DC
harvesting process. 15 2.5 Additional Protection G rcuitry Additional
protection circuitry can also be added to the preferred enbodi nents (i.e
Figure 2 and Figure 4) of the current invention. Figure 5 illustrates these
protection circuits when included in the sinpler circuit diagramof Figure
2. I n Fi gulef 5Scalabke Qircait Speeificatiome Active wire supply which limts
t he maxi num AC current through the 20 current invention. A snubber circuit
consi sting of A2mentoned2adiar th@cﬂf:bdéﬂwbﬂuﬂrlblal’scecalattﬂlewhw'eby. B-naflfitude of

in the situation LAC is_an inductive

reliabilit f triac T a cul ar
| oad, gxcglo ‘is Cté" @ﬁ’?‘ l?‘JgHimg F}H’ BEhAse Arohiecturs pyigh Brnigel compenest ar e

al so PomTBchlitﬁJnls.YF ?M@M ﬂhis&atey\’fﬁecﬁ}eﬁﬂeﬂ'(&nbbﬁﬂwnf Bf Eﬂéecdi‘fei;lt Q{VCW%E
circuits. Also included in F\pgure is a bi- directional TVS (Transient

Vol t age Susstl é sentiol @iradEtud® i A inads thiglre 4 ilnstratdsdhe tigouft ergsoditentufor of
DTvs is t whi ch. ffect t
of tr ac e CHBFESE CUONRTIBER el BB LISE 0 Ml (et At R AL D) o)

over char gi sogneionsiedn naided td bentfoCnivas th@ﬁ twa g\mroaamsss illastrdesdein Rﬂglﬁda Dzener
can al so be conne ted i.n ‘F tﬁl W|th as_illustrated in F ure 5. The
Poa 3or

Zener br easl??ilﬂﬂi%uf{/ tcgﬁ'é‘t S}’aﬁ‘cs]% IHV‘EJEC%:tIl‘i6§ tipgp @f’n

enough sucdhottRf triddZRARE a6 aRoth& opd- @@\bléiqut éﬁhgqye'tﬁac Weatfhg s[‘8f mal ly.
D ode DZener shoul d only breakdown, thus /EhOt ecting CU only int event

vdd rildes thpEireuit Wohﬁﬁlcﬁmﬁcbﬁ@‘r@tﬁvﬁgahl@ﬂ gimsdn ﬂ&JCU tnig hodllﬂcbr@éteulaear to

orPeut try (onhSEidl ddfeGl AR o thaiBrL R wie fHie by B rpllils At einont
i [T ustrat agad 1 ki 9Ufed tﬁat( Yﬁ&&lﬁ P?%dﬁﬁmﬁ%ﬁét?{l{f xt nleﬁatg?)the Ibtas §1r E ed

that the protection circuitry ustrations ure are no ended
to be rest(comsistmg.of|BR,sHQuR,d q),eC@L qay,, hmd @xpOrthat provide Her cher iventtﬂ]-xﬁbde that a
pl ethora of other protection circuitry variations can just as well be

added wi t FPCharviegging\prelssse of an inventive step taken. 10 2.6 Other Circuit
Real i zat i ons

15 2.5 Additional Protection Circuitry

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 7.
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, _ can also be connected in

Zener

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

Zener
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Wiile Figures 2, 4 and 5 illustrates the various preferred enbodi ments of
the current invention, it should be noted that equivalent functionalities
of the current invention can just as well be realized by a plethora of
different circuitry, or different conponents with different paranetric
val ues. These variations in circuitry only exhibit trivial variations 15
and do not clearly carry evidence of an inventive step that is different
fromall the novel features of the current invention. The circuit
ent d to d rate clearly the
dogf Bi Prak

mbodi bed . h

movel ty. oyl TR FE A Seh he ehe S0 58} e it ch
{ t f

These tr %gfﬁ%?maﬁ RO g aﬁwig@x 3%6#“@% ARRRe Yty B HE ©

illustrat i ure 2 where NPN
transi st o%é n%%gt FJ,\% tﬁgnﬁﬁﬁug%pe?‘in (E'SFLJ{I’QI ggers PNP transistor Q
Both Q and Q& shb@A bk S1cBf to%évgéx%“s%ﬁ1ear1@t&|chn@me&ﬂhat%ﬂn 14rR e@%f?l%ll@zg@n em “ef

switch node be it in Fig in Figure 6. |sc ure
and Fi §ur eirguiay sarqlsp \bala@ld@d tontde gmbre MNsued)amwltaenmodﬁm mlbustraged fin no

particul am e r 1 h varia ) al so. possi bl e
wher eby i n gur(g‘;ﬂ'}é{1 ha{]d?ﬁgf mgglpt?/agg iﬁog%sy ﬁl lérmte ﬂ'lgpgl ‘?rﬂ{aefﬁlf?i‘[ %ﬁgtéy it
shoul d be 116115&&11101150n Fignes § aresdﬁt Initadied o bé eestcase It stdild bd dedr té bﬁpe@tteaﬂi gi ng

capacitor .C, in re 7 ave | arger, storage capacity than C, of
Fi gure 2. ﬂ)ﬂ gore Eﬁ 4@ pﬁtg‘ﬂ ot %P%’Fﬁﬁflg’érc“%?}ﬁéfﬁp%‘ﬁmf P?’glg‘étr ?Sn‘ﬁel he AC

power tri aadeﬁmmus.keﬁae&@%f@ﬁ1&bﬁt§ve%tefpnaéenpl ns 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. 16/21 Anothef
trividd va&6aQther Giauié Replizatiogs he DC- charge-switch sub-circuit SE
with a single break contact electronic IC swtch (i.e. when there is no
power, the s3Vhlediiguresbrfi and § ldiustvatetsahe o pt@érreal@mﬂokimmmfehle eurrefit gur e 8.

Anot her p i I e 1 St of Figure
2) with egrﬁﬁbtg% B AL ﬁﬁe}ﬂgﬁ%ﬁ“ eed\sltlhtégesqm ﬁ?%nﬁh%t ?}es fﬁﬁes %ﬁ%&?\’%ﬁ”(‘ 8 not e
that a usgfstihs meweahzéka)SwpwthOrﬁmf dhﬁhrent ik ity iof Jiffepérit €Bm ts¥atpower

supply to titude, of wered, I.C chips, . thereby _enabling nopre
opti ons f&%fegwt PRRMEGif ?’?]Pes %g‘eﬁfaYﬁan?ﬂsaW HESHETORY FRRiSH tgpia} Heiations f or

possi bke Wa®db Rotcl¥draphRiideRde dinfih@indve SBF it k%lﬁbt@h%lﬂgﬁ%pﬁqwet y that - dd

a large nunber of trivial circuit variations can be used to replace or
to its préfatresed! fibe nqurigat iteeation. 1Thelicirghiv semehodiments, described 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 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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two-wi re ABIRSQIE ) @Bdsh i(ef Figure with ewivaleni MOSFEE dadegower supply (to an
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transl ate jhem I.at: t ' . 8. SW t ch- node DC
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suf fi cjent i'é)c?oé%ﬁ""er is harvested to not 10 only power the said controller
unit but al'so a nultitude of DC auxiliary devices. 2. Atwo-wire AC switch
as clainmed in claiml1l, wherein a power triac, connected in series to the
AC load, i8 UReferehbesai d means for switching AC power supply.. 3. A
two-wire AC swtch as clainmed in claim2, wherein the gate input to the

sai d POWer[ 1] Alfred Vogt and Paul Greb, “Control Circuits for Thyristors”, UK Patent GB
2008870 A, filed by Preh Gmbh Walter on 16 Nov 1978, published 6 Jun 1979.
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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 A1 (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 Easy Charm Limited on 27 Feb 2002, published 11 April
2003.
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triac conprises 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 clained in any one of clains 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-node DC harvesting circuit as
claimed in claiml wherein the circuit is connected in parallel with the
said AC supply switching neans. 20 6. A switch-nbde DC harvesting circuit
as claimed in claim5 wherein the circuit is able to not only supply
adequat e g m said DC- powered controller unit, but also supply
adequat e ! pﬁ'ﬁSpower a nultitude of DC-powered auxiliary devices

that handl e additional switch control signals over and above conventi onal

manual S Vi" t X Qw& '“g%a S%’%}ghv\% %I'IS%I% eansrrf())g %W[Bcill #g/e S t ! n glg)p?% ftg Iam

clained in’ clainmns & C G
hal f - wave reload é()ﬁnl@ted: i sadiet to the séqusthBMfﬂm@ea@@cthﬂ[ﬂgaﬁfcungomffdétihg as
clained in c wherein the c chwt conpri,ses: a DC ch

ai 7
reservoir cofprf |‘r§§§ SHPPIYe SWHCHiRg, mepns (the, i, %Ct‘@élﬁﬁc‘i“t%‘rt CORIPHEING & 2‘1
char gesswi t clanbare/ k@ pdrk Oﬂbg@hﬁafabfem@pb\a&e@rbomena%ﬁl@ i, i ]itnjt/o% par gi ng

current, and connection neans to the said DC powered control |t to
enabl e t he sfagititiexchor pensingiontpesting signels aanvell ao hansiie externBCusen dnpy® signal s i n

order to COntf ol g SA %na’f@#&ﬁ?&ggﬁg Pﬁg%{;o%tsémsvgtcg-m&e%%?ve%ﬁ és W tch

as clainmed in 8, erein
transi stor somtcunﬂye«shmlo lis alsdi) cemtholied hiyathe ssil @ohtrelfr anfiwid ¢z dtilization &ha
el ectronic tch Wi t i i ance on at | east one FET device to

t ti rel.i
achi eve swi 18 Ry N up@'a sonthap iHEeientoRCRORieE Is harvestedithagti n g, !
for the purppsep mer%[@édnhﬂgeﬁx%ttb‘ﬁhalﬁ@gﬁlu%de]& If@ﬁ%ﬁﬁatr}f Beviks. the

DC- power ed control | er unit, wherein one DC feedback signal and one AC

zer o- cr ossi ng theARAKk s%eqa-lﬂads dlﬁm@&‘??{'cﬁﬁﬂ la%vHeFH?:‘r' neao% %cs &eQQa Rpver ed

controller unit. 11. An DC out put control al med in 8,
for the purpeges tofthe;ﬁ)ﬁtl«badl, iS| usgd assthe said memmbcfoDOvitcinges€ pngeﬂﬁ}appllye DC- power ed
controller unit, wherein one out put
3. A two-wire AC switch as claimed in claim 2, wherein the gate input to the said 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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15 signal fromthe DC-powered controller unit is used to close or open the
DC-charge- switch as clained in 9 and anot her output signal fromthe
DC-powered controller unit is used in the actuation of the power triac as
clainmed in 1 to 3 and where these controls are to be coordinated with the
AC supply zero-crossing point which is nade available by the AC
zero-crossing feedback signal as clainmed in 10. 20 12. Afirst priority
control logic governing the switch-node 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 (clained in 10),
and then, depagetswiiclofortetestronigallyt switchofg omendSwviteldnhaffka ehaggiag coabmj ned in

10), makes a | usi ve deci sion. ther to | eaye open t i

o0 shar ge. swit EPSHRBa R B D Suoperienuralanliar sy the saidiRC-

DC- char ge- swpbwéred Qoitfolled wgnN@bh6hifoh BICOANI0A C Uigh®18 in bdkLto bhGollhe SH@DEE
reservoir (clained in 8) before opening again the said DC-charge- swtch

when the DC 8MAPHY@EPEXESSyoir is full and then terninating. 13. A second
priority control 1ogic governing the AC | oad actuating behavior of the said
DC- power ed- c SnPLothaege-ayiich as\ghadmed in 8havhewsifi the swipvhi edpriseseticat@hmond t er

the 30 ternm ' [ Lari i .cl ai in 12 handl es

t he del ay bg}e}gﬁe&t léggltgl; %t(glg%’aogtﬁp%%ﬁé#&r%{%g%%&& ?%%3W|lt$g§’a°errant %}é%tmcsf y a
user di mi ngswitduimitbnmhstantiah delianbe paadt tleast dae KBTS dedied kebchieveagivivdigy or not
actuate the Qom§rl. triac, clained in 2 and 3, depending on the current
switch state BaeTHEY by the user. 14. A third priority control |ogic

gover ni ng 1tohgI soft-swi tch actuating behavior of the said 5 DC powered
cont r ol | er'Vufti PINGHHGPR B15ans: Be clappgdan 8efarrs purpese; of sontielling swithymade BC t he

termnation H’irvés‘ﬁﬁg 98O DPpdvdrtd YorltRUECuri€ WHePEE ohd D@%e%acﬁ?}%?legrﬁler Fupt

process, handles thé different types of user 1nputs nmade pos rough
the use of aoRUAR-zesrerossing feodekwignahisi providediec irpdt tootharsaidipQtposferddne sai d
DC- power ed cop oﬁL-xllﬁ{it unit, so that the push-button switch behaves nore
| i ke a sensor device (rather than just a 10 conventional on/off swtch)

for sensi rd QUS h-button .actions. 15. A tiple AC I gad switch, for
t he pur posri g' %)(‘ﬁ 4:(8 Avd @ﬁ?‘ﬁ%}gﬁﬁptﬁlﬂe@nﬁ_@lc&é’ag@ I’Hgﬁjp{/@ﬂ PUROSFPt FROHESW re AC
switch as cl avithemode DCahatesfing By the BCaiwesdd ddagoReldinid Yhein &1k omtdati t i onal
power _triac Gi r?Lf{i t rﬁ] and triac actuating connections to the sane said DC
| 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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powered controller unit for each additional AC |load to be controlled. 15
16. Atw wire switch circuit as clainmed in clains 1 to 4, wherein the
circuit further conprises a snubber circuit connected in parallel to the
power triac as clainmed in 2 and 3, for the purpose of mtigating
unexpected triac operations. 17. Atw wre switch circuit as clainmed in
clains 1 to 4 and claim 16, wherein the circuit further conprises a

bi -directional transient voltage suppression diode (and the |ike) 20
connected in parallel, to the power .triac as clained in 2 and 3, for_ the
purpose of  ARBHERT e fn‘éﬂﬁ@@ﬂw% PaESpP ASET IBMIng FEABITERTL &9 t ch
circuit as GhébdrRe dedidéslveifRer do dcfuafo orkfot adtitde thé poWbetiak, k14iMed il 2 &nd 3,
further conprises a zener diode (and the |ike) operating just below'its

br eakdown \dspensiing orcthe aaeens awiteh fate dedidad byghe wesr.sai d DC- power ed control | er
unit as clainmed in 25 any of the preceding clains, so as to nmtigate
unexpect ed4.o¥ drivdrriagity sendred fagisgovemingithe wpit-switelyaduatingibehavidysafaig said | y

11 ust ? at ed f)(e-lp%l’v%ﬁhr&%n@%lfe? %ﬁn%%mdﬁ)ggéég eltgé}dapfﬁggi&n%gaﬁéw Xfte(il%ﬁg r'i bed

S
via reference to € sal d accohpanyi ng Vin
termination of the second priority logic (claimed in 13) or as an interrupt process,

handles the different types of user inputs made possible 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 more like a sensor device (rather than just a

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

15. A multiple AC load switch, for the purpose of controlling multiple AC loads, derived
from the two-wire AC switch as claimed in claims 1 to 4, via just the addition of an
additional power triac circuitry 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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