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‘El ectronic Regulator for Two- wire AC Switch
Description 1 Background of the Invention 5 1.1 Brief
revisit of 2-Wre Switches The use of two-wire AC

swi tches providing electronic control of AC | oads, for

Cubee, “eneray saving 1ignts. dimeoie i ncandibMUAMENN

| anps or ceiling fans, has received consi derabl e »so150%
ﬂé@ﬁ&ﬁf&sﬂéb‘m&iﬁ's‘l’bﬁﬂwo-

attention in recent tinmes [1- 7] (see References
power fromthe two wires, I.e. the active wire and

(e 2 Tont wying, ACT SWitERT,

wire is absent in these wall-switch recesses. This
rrpl | es that the electronic two-wire AC sw tches can

; ONytral wire indirectly through the

wo-wW re AC switches providing electronic

control of AC | oads use DC-powered devices to provide

1 aBackenduhd OFthe Mventiemt rols. Hence, two-wire
AC sw fch nmust harvest DC power to power these DC
devi ces. For exanple, a DC-powered RF (radio

1.11 Brieheevisitofi 2.WireaSwitchgsed in the two-wire AC

switch so that the control of the AC | oad can be

| The!@ee LEARbSYibe KICAsWiiches $Povading efRfrbhie "dRtral ¥f AC loads, for
handheld RF renpte 20 controller. Alternative

exanuple okailineglighs i peep dike fTupsssens Subesn ergrey speng dights, dipable
mcgmn?}a E%W&fl%?ﬁﬁ?l ha%?eq?irvéd %Jﬁski@rabﬁdc{ttemléﬁ 1ﬂ§9&hf:l/1mes [1-

movenent] reecur eve reak-cont ac
7] deges Refererses rsaction). S\Ziht&th clednoran deoswiircss/\@dSWMnE\wntam DC

t her ate hese ens
nafy it By ARATAR A o B Sl Ro e Blo phOETS, RN ire and
thelXIC pendewird, aliat are fouod maahgdednangt walbkwitthieces. kt ishttuldl beyoted
thagélq provide, these addit ] WI tch control services

onal
gk wige 45 (#Be§nbAn th?sﬁu\”% -switeh gegessss.e Shig impbieg ghat the

ene&wm& ByAbirR ¢ GRitth Chin ShBACRLs \Mbeﬁé%tﬂai wirk SndiRERH tHrB@h the
a small current 'small is’used by t DC harvesti ng

AClopduitry to provide a DC 1/24 |11
Two-wire AC switches providing electronic control of AC loads use DC-powered

devices to provide additional levels of switch controls. Hence, two-wire AC switches
must harvest DC power to power these DC devices. For example, a DC-powered RF
(radio frequency) receiver can be added in the two-wire AC switch so that the control of
the AC load can be issued remotely via the use of a complementary handheld RF remote
controller. Alternative DC-powered sensor-based devices can also be added, for example,
temperature/ radar/ infra-red/ ultrasonic/ movement/ security/ light-level/ break-contact
sensors so that a switch command is issued whenever there is a change in state in any of
these sensors. All these DC-powered devices have to be supplied with DC power for a
protracted length of time so that they can provide these additional switch control services
without disruption. Figure 1 illustrates a typical 2-wire AC switch block diagram where it

is noted that a small current 7, is used by the DC harvesting circuitry to provide a DC
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it rrerrrrrrrrerrr il ou 1l *@&0001* positive rail
to supply power to a nunber of DC devices. For

exanpl e, a DC-powered RF receiver can be used to
receive signals froma renote controller. The received
signal is then comunicated to another (DC powered)
AC switch control circuitry which controls the

cl osi ng/ breaki ng of the main AC supply switch SAC. O

o DSBS DR 4 I

rekbeinat danrtel sty tofectie signitk fOMAL r&itbte @bntrdIRWEMR recdiVed signal is
shoul d be noted that in order to ensure the continued

thep EommupiGalsd tq mother (PEeporercdALCHViscrontrel cizeuibey whighjcontrols

thPei RN Efking SIL LRk éuﬁﬁlg dwlitch5,C! BREoliAYf frl%%alggsted DC

harvesting circuitry must continuodSly draw’so
supplyr @ntlarge Semdlgh,f rgoﬁe M?bﬁ%ﬁdtmlidéb 3(&;21' li% yaldaéd ttheedtbnd the
ositive rail In ure 1. e value o sma"
ﬁ@&%ﬁbw&f ﬂ%_%wnfe_%ég\mtsh- Hewever itshuldbee peted st ingder to ensure
the! Ednhliddy opbtadh 107 el AwsiePREd swhth Lhe i%a%@ﬁ&ﬁpf) Pbwered

requirenents of the DC devices used in the 2-wre
fugefianglities] itds pleapthekits BIC Eireesting wircuifke guishtantinPeushagew some

o T 5 B R P Tk o
d i i .ent. t hat t

(SSATER ) b o I AR SR v

o8 M A& RuhPorYeqlhiRAdnts¥F theSD C Qkliceshfied ﬁ\gf\le 03¢ rdA€ sGABh.

represent a single |anp (incandescent, ogen,

fluorescent, energ saving), or represent a parall el
nBLwROIsefor El!ez:yr@auc.Ragulaéon hat when main AC

switch SAC is broken 1(g'so that AC load LACis "off ),

sngrhapsite mosi impomtentsiaptor irelliguee 1,hmotivating the we ofiant elctronic

SUE AR ST 0 5 SRS L v
. i ; h., T f he R

oSl PRI e & e R By BE BC et e - The

AEAoal I, Qb redr@ent N i ﬁ}g’e\(fg d dedcEnt! ﬁglgégpcfﬁlogﬁ(%%et,o?nergy

Figure“d, we now def age scenari os,
sa®ih@), \drAep@Bent af guralRE combination of AC loads. Notice that when main AC

switch §,. is broken (so that AC load L,. is ‘off’), I, must still be supplied to the 2-
wire AC switch, Since the neutral wire is behind the AC load L,., this means that I,
must also pass through L,. in order to complete the current path. Therefore, the RMS
voltage ¥V, across the AC load is not zero even when L, is ‘off’. For convenience and

in reference to Figure 1, we now define two voltage scenarios, Vieop @nd ¥V, ., for AC

load L,. as follows:
e When L, is ‘off’ (characterized by main AC switch S, in the opened position),

Lo flows through L,. and hence a corresponding non-zero voltage ¥, . will

appear across L,..

224



10

15

20

25

load LAC as follows: Wen LACis "off (characterized
by main AC switch SAC in the opened position), 25
"smal | flows through LAC and hence a correspondi ng
non-zero voltage VLAC of will appear across LAC. 2/24
Wien LAC i's "on' (characterized by main AC switch SAS.
in the closed position), |I~mQ" + |,a ge flows through
LAC and a | arge voltage VLA, on w || appear across LAC
not ed ,in 1-7] that in AC ch,SAC

o b, i Brodetstiend by i AERRLE. s BE ke giiton.
cjrc f sim|ar, mgnitude to th
A}(‘l"“”sﬁé‘mey o\%ﬁ?r\éh 6AC nc?%PR%: vor?a%e ?hce"" Q\SH ARPGAr AeToss EAC. It is

nge%rlﬂ [X%?Qﬁat. h%ﬁ r%lq& r\é&/s{ch ?Igfe%lrlé 5 fé)%(edgepsﬁwnR%s iaHnost

f f
U 15 S AR MY 08 e 1.
t NSRS ffdh¥ %Bnt@%ﬁﬁbcfe?rﬂﬂéa@@ At DA RA%Esting i o MR -wire AC

transn1tt|ng LAC i s an energy saving
swigchsreduise gy, e theampge)of 30 nmoRMSm ardex| to ghply sufieient DC power
starter actuated fluorescent |anp, then what happens

to eperate R tmﬂ&%wocl\wwlkﬁhe Ehipseny §Cé@Qﬂ IG ﬁ@wsp@w (W rohseqmre at

eafARANTE B AR, e 3t b B LR e Si@ e or o

coﬂ\@K@cﬁlaP%I@ﬁzetuﬁé/ ﬁﬁﬁ(er%@(u@@d ITﬁmre@yv.':‘ﬁlt BmpMieh SvHaPRa gg@ﬁg’is hitat when

supposedly to be I One solution is to reduce
V.. gimexdeeds HOY, tH&aIBmpV\mmsdort:amsﬂem&arrly tahé thgnpehutd off again when
DC- powered chips that can be used in the 2-wire AC
V. sy dobs belDWélOé’bSFhiSiimtdtingq]aislllisg pbafoulenes ekesyace every 50/60 Hz
functionality. A better solution is to connect a shunt
cycies vihevg the larop tsssipposedlyito de ‘! Arieasolution fis toAGJucasl,, , , but that
lustrated in Flégure 2 to help keep VI AC off bel ow
WOB@\FO“FIEﬁm Eks@émﬂ of DG -ppwerseghips thageamie ysriley theadrite AC switch,

the&‘cﬂ%ggnﬁ/ AC iR ube ARk QM goﬁfnctﬁ)n’fxlﬁtguﬂt beftEY ! é(ﬁl?tl lts I?o @or%wét gglunt

edanc can be use strated |n

detiteeaeosar B, abheutaradled ptithohs ) tae illuseratey pe Fidurs h uo the@ekﬁep 9%
that nmay be used as a helper circuit to the 2- wire

beld® GOM.tHuin.exbiaple} fre Lase 30fmAS(RMSY, ard 30 kesd 7,20, (HMS) 60V, a
or higher, the first three options are not b& ™
Shl&ﬁ@ﬂ!ﬁ\omwm e 1f4dQ2 ithpedhndd @nibagsedeasons: Option 1 (pure

resi,stive shunt keep VLAC. of f bel ow 60V,
5 o beks prther it oByignse thedys phaftingggvices that

maWB%rhs% h Relb® diRGit t9he BLAHE ABUGHthNRS HLAGe PV VAC30 mA

small

(RMS) or higher, the first three options are not be appropriate for the following reasons:

* Option 1 (pure resistive shunt): To keep ¥, . below 60V, a resistance value of at

most 1.4kQ is required. But when L. is in the ‘on’ state such that ¥,  ~V,

AC
then for a 230V AC supply system, this means the shunt resistor must be capable of
dissipating 38 Watts of heat. Only wire-wound resistors about the size of a man’s fist
fit this bill. This is clearly an impractical and expensive option to include in ceiling

lamp fixtures where space is confined.
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then for a 230V AC supply system this neans the'shunt
resistor nust be capable of dissipating 38 Watts of
heat. Only wire-wound resistors about the size of a
man's fist 25 fit this bill. This is clearly an

i npractical and expensive option to include in ceiling
| anp fixtures where space is confined. 3/24 QOption 2
(pure capacitive shunt): To keep VL.,,,,,ff bel ow 60V,

B R G A S A A %?Q-volts AC

e ct.i
RAPRIGE BB 5 Rl Bl SOPBAFR N A bl s s
t meanageaslecaal aah bé M&d'fﬂp&ﬂ@%%n'vﬁt}ﬁ’n ﬂﬁ%hﬁll%d%?h& ofebiig light
and creates a | arge power factor angle in the event

Lﬁesttlrgﬁ waeverrﬂmesZ eanaeiivainpedanesyis axpysidqsalevalue and creates
onent a re es the real power efficiency of the
B Gav R SRR 1 NGB Hrom 5 e cngpdmasinary

Tt RN e

bab@dﬂd&@blﬁhuntl ng effect conpared to the 10 case of

using a furely resistive (Option 1) or E rely )
* c&ppsien i (@desisiiyaand exﬁamwe shunt)rdihis qn@mﬁ\he% geReclaimed in [7]. The

exiké 8 Whithas Ql‘l\'xbéﬁ ﬁ)d?l%%] ﬂ?l%t afln¥ed ?xﬁl'nﬁﬁé ¥§eé§ :%’HME[%E Yo the

capacl tive hun e extremt
r sagcousingha pruelm whistre @miqm l\bndrla mclylcanacsitimiepﬂmm (Option 2).

ive. ncrease
oo rited [ SRR kR gt Wi X bire el o0 Cablerive
t hhlmtdmlbmght tHeOexdieﬁm&@%e rmbhﬁnﬁehfdsfst1¥@ §h1{;ﬂt fdll stilln@ssipate
ence aQrt

a 15 electronic s [ evi ce
e IPEYEL YHit Ee ?aé’ﬁ‘iﬂ“éﬁ ‘Gﬂ?ﬁt ringreqsg thg ROYeE fasfor apgle. yse
Tl?e?ef@@ ﬁ’ﬁfs & phirdoke of Ris a@%ﬂéﬁPthsﬁo&cﬁMag§ Ft)rqﬁé! ' ﬁ ‘time, a

he Sal el ectronic regu ator 1s gartlc Yy use
elﬁ@mnrteﬁﬁluhmr@@t% hancefhgh Iebptg@lmegn tg€Opfiorc in Flgure 2) for use

as\(’\ﬂiﬁérr@rcuﬂ rfopglng t&/olwcireaﬁgf SWI t\é\ievg Wl"ﬁ@ %ﬂﬁ%léc?rom% C{egulator is

aracterized by main e open
ppoaildriyonjefult fe 720 reqitsnienrs ¢ rtiegldrgd Q[AlrangEGSﬂnG@Gl@ Wworking
act alnost |ike a short circuit. Consequently,
pt‘ingiple is,asffollowst 0, negligi bl e power dissipation occurs
used for

o LA P 7 R Al i 12 Msepniposition) th
g\?deelzﬁnl%%atbﬁﬁ Héﬁ %1%8 ol(o%g ?a{irﬁgstrt])q liezﬁ ghgﬁ( c%hlla 681sequently,

Vo ® 0, negligible power dissipation occurs at the AC load end so that I, is

used primarily for the 2-wire AC switch to farm DC power for its peripheral chips.

e When L. is ‘on’ (characterized by main AC switch S,. in the closed position), the
impedance of the electronic regulator is designed to rise instantaneously to an
extremely large value. Consequently, all the AC current is channeled into the AC
lamp load, which is desired.

It should be noted that a PTC-thermistor (positive temperature coefficient), if used as the

shunt device in Figure 2, will have similar type of impedance change as the electronic

regulator. Le., when L,. is ‘off’, the PTC-thermistor will have a small impedance (just a
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1 nmpedance of the electronic regulator is designed to
rise instantaneously to an 25 extrenely |arge val ue.
Consequently, all the AC current is channeled into the
AC lamp load, which is desired. It should be noted
that a PTC-therm stor (positive tenperature
coefficient), if used as the shunt device in Figure
2, wll have simlar type of inpedance change as the

| [ | . Le., LACig, 'off, th
e DR s by TP IRHEE s BT iiied Lot o8 -4heRTC-
) h t | fl th h th
o Dy e G IR e
L [ [ : h ..
ol Y8 A Q08 ARESRIRRE RO e
inappropM&aY %r:th@fo'ﬁ%@iﬁgﬁéﬁh S—lti otk YR terflRYAthR c|hf§n %;)Hrrtlgghg %bout by

_Tnappropriate for the followng reason -
diffeeampe i ther @ireshi tigeughr the JC-thioouistobyS G theti tirhe te nigamge from low

. current. throu the PTC-therm stor. So.the tine .
impsaBndb il impliRe ol v R o eV GelaeBonghg s
me¥hsCBatVBE Sarredt 1) 14HE stafBRoWE s&RKE sédon8L e dBere THh Shange in
nmeans that the correct LAC. |lanp state follows several
theewiva A afitobrstatdiEram b sisa’ sqiodn @€ view, thih. cRamy ngacéptable.
h st at Froma u

SW ser's int o iew, .this is, .

ol o1f¢ Wwﬁ%“eﬂ?ﬁw& oot Bsisiuf FpaciivePTC-
thefrRBio dhwht ddiicéseMhe @le8@biiY rdguPitdr is based on original and novel design

resi stive/capacitive/ PTC- 10 therm stor shunt devices.

invplyingetlectronisdiscrete gavigesowhick awamedcadly sspsegheehanggin the 2-wire
| A | aou t .

AR S50 G O AT LY RLAILARGET Bk ARe o e

elestvontic teggtagiras altered beswitthing npefaancdeotmhiceswitch that is connected

i PRI A e 1 EongFis0y BEOBGNE CGRFHECHRGET T Bes fp edred
ohm¥td Q@ettahﬁ‘lgndréd oGS grgd bdcR aggi'hacla{; %le aI:l%eJE@%hSt n'ilglpe%gsly. No
an 1 nstantaneous 1 npedance Change Tromjust a rew

tenfperafuredbdsbd dbvisest likesthatatisiors inased dn khd elecatontc @palatoadiistead,

agai n can be, achi eved j nsfantaneously. No
noyed ApErhmede cirgliry s gap Oa%i 59 ey thete i 89 @ped for dhe,esgator to

usd dhefdyCa SWRAL ik Ah&d &8 HebRhOheat URSHART ne ﬂ%m_%l. _
swtch-node circuitry is enployed so tﬁa if there is
ng need for the regulator to use energy, a switch is

2 ; Specificatiotrepi ng heat dissipation negligible. 2
Specification 20 2.1 Overview of El ectronic Regul ator
circuit Figure 3 illustrates the schenatic di agram of

2.1nOverview of iklectronie Regulataricircuit
Figure 3 illustrates the schematic diagram of the said electronic regulator which is
connected in parallel to AC electrical load L,. and in series to an electronic 2- wire
switch circuit. In reference to Figure 3, we now define the following terms:
e ‘AC-off’: This refers to the condition where the AC switch S, of the electronic 2-
wire AC switch is off. Hence overall current flowing through the circuit of Figure 3 is

I

small *

e ‘AC-on’: This refers to the condition where the AC switch S, of the electronic 2-

wire AC switch is on. Hence overall current flowing through the circuit of Figure 3 is
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connected in parallel to AC electrical |load LAC and i'n
series to an electronic 2- wire switch circuit. In
reference to Figure 3, we now define the follow ng
terms: 'AC-off: This refers to the condition where
the AC switch SA, of the electronic 2- 25 wire AC
swtch is off. Hence overall current flow ng through
the circuit of Figure 3 is Is,nall 'ACon': This

refers.to the conditio ere the AGC swjtch SAC of the

ol ot YR PTES ’ﬂteshﬂédgww@w {ige ﬁw.t ?%eﬁgk%ogwmapqness, we drop
current flow ng thrqugh the circujt of Figure 3 is

& 15 L G0 SINfo g AR GPRYEVS e, Bt ety il e age current
b e , but for E)agg of succinctness, we drop the

I g WAg S i EWSHhr ge al ready conveys the idea that

there will ,be large current.  flow when Sc, Al .

* ceBats o i tEs R Siraris ERtuPRE Ty 2Pl sty
I @b hRhi®y thé Bhunb@anstor sHiteh @), (SPFI%lnfe' B the.elecBrohiBirdgulator is in
means the shunt transistor swtch Q@ (of Figure 3) of
t hiee edndodtingrstate.rleghduld also be nbted thdevieanbk electranis tegliator is in
It shoul d also be nqted, that .V\,he‘p the electronic .
SRR e & RereShond e 16V dPBedinee SR bt AR i ragglsor.

| epnbéIRARANAE-SEAlR déctiohR Bhdstbf MlkiDel BRULALKD shunt the I,
Hence, when 'AC-off, the eleCtronic regulator nust be

" QUrrer@wa$ filotn GBWT ldn}Lload TR | thereby pretdntiapaMsHin® BeHabRr from
AC | amp | oad LAC, thereby preventing flashing behavior
frbm 10 LAC. Regulator “off : This refers to the
el ectronic regulator in the "off state. Specifically,

¢ t legulptwanefTt Abisshfert tottharkttsdnie regulatartin @ ‘Offf staieg Spexifically,
3),.0f the electronic requlator . is i e . . .
S EsheRieg PG Geslor shatth b bt Buren ok Heetpstronin aseaty s i
el.ect r onj | Sd - of t it .
c RSB S RE Y hid B iy el bn o fesdgic regutator is in
e ltieectof 0 siace, iteuiesonds tolthe HiphvilpadanbEsate of thérelectronic regulator.
el.ectron t he

R TCIRNE R O TN TR T S
LAC t jt. Now, t | t ' | at

LB POUSh i g B S, SSHAEL Lo LT
bl GEERSAL e PhI o WF SPESR A e

circuittcosponets pUolpoese i s to provide full-wave

rectbi,fi cat i,?n so that all the sub-circuits of the
e A bridge rectifier circuit BR, connected in parallel with the AC load L,., whose

purpose is to provide full-wave rectification so that all the sub-circuits of the
electronic regulator only operate under conditions of one-way current directions.

e An electronically controlled shunt-switch sub-circuit SC

shunt

consisting preferably of
a common-emitter mode PNP transistor switch Q,, henceforth shunt-switch, that is
activated by another common-emitter mode NPN transistor switch Q,, which is in
turn controlled by an output signal ¥, emanating from controller unit CU (to be

described later).
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el éctronic regul ator only operate under conditions of

one-way current directions. An electronically
controlled shunt-switch sub-circuit SC, .,,,,, ,

consi sting preferably of a comopn-emtter node PNP
transistor switch @, henceforth shunt-switch, that is
activated by another comon-em tter node NPN
transistor switch @ , which is in 25 turn controlled

V9 f [ 1
s%rcﬁ*@t"é‘{a@?e?E%svamsaafg?r?s%? o Ry EiFent SO to
fng q1et(| § t(‘ltup nf= A argﬁsﬁ"% . gl{‘écgl:pr%(ﬁ%c cglflsosts érefsrabl%%& a votltage
8, SRR 2 L g o) § B o
%éa'bgem ROt anoaae ¥ otdeP fr fid B0PL debRAE WRMHEr b6 Chint-

nodul e in order for the CU to decide whether to turn
oMtk ifint - 5 switch QS . A sub-circuit SC 'S for
detecting a transition from'ACon' (i.e. current =
Hasgeyirqu SCAdobHetectng, & trapsitione from="A(son {i.e) ciment = /1, ) to
sub-circuit SC 'S consists preferably of a divider

ALt (igheureent Fel, fop The rsu&cncul& S, sr eospists cnrefalabjymf a4 divider
the bottomcircuit consist of an RC circuit R |
icicphvhenedhe top cicuibisiaggsistpy &uj whileghe bettqgn girgit qsmwe)f@n RC

and .anot circuit R2 C2. .The_volta esV
Uit rkﬁé]dp rR?Eﬁ”FE“Ra sprigs cizgyif wsnﬁtlltszogsme and dngih { RC

n edhacks, to t
FHEPR | 57 TOF NOuERs A AR Yo it Sises Rz w??ﬁé%eﬁsrass as
ol IhatepdiogBif LEMRbRERS GRS hherto frk o shune
[Xvich@ge-switch, 15 operating in conmon-emnitter
node; o a NPN transistor QL4 , operating in common
eArswitahed malie DX havetdting sliatirdudt SConéansistigglofoy t he CU
(via output signal V14) for the purpose of turning
on/ ef PNECcharparmh svansistor Qiitch; (h-a berefpethp&Crcharge-switch,
resistor R3 in series with a DC charge reservoir C3
f or OP4fating jn sewEonmitier medss i ng a stabl e DC energy to

pc?"vgrﬁ\lf)ﬂetrgglsft&r Qa4 ,%&Hti%‘ét fd ccHﬁllth den‘?ttelI ln{B%e asau/gll that is
controlled by the CU (via output signal V,,) for the purpose of turning on/off DC-

charge-switch Q,.;
o acharge path resistor R, in series with a DC charge reservoir C, for the purpose

of storing a stable DC energy to power the CU for a protracted period of time;
and finally,

o a voltage divider circuit consisting of R,; and R where the voltage V] at the

dividing point is an input signal feedback to the CU for the CU to decide whether

to allow/disallow charging current flow via the control of Q,, (which in turn
controls the DC-charge-switch Q,,-), so as to sustain a stable DC voltage line.

A controller unit CU, for example, an 8051/PIC/AVR-based micro-controller IC, or
ASIC (application-specific IC) chip, which form the heart of the system for
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0 a voltage divider circuit consisting of RL5 and R16
where the voltage V16 at the dividing point is an

i nput signal feedback to the CU for the CU to decide
whether to allow disallow charging current flow via
the control of Q4 (which in turn 25 controls the

DC-charge-switch QDC ), so as to sustain a stable DC
voltage line. A controller unit CU for exanple, an

8051/ P|.C/ AVR- based .m cro-cqntroller .IC .or . ASIC )

S dilisg AR SRRE o eRd B BRI ek Qe b SO unit CU
of e - OF i . - i t .
HaEUSISHEIAC! 42 S0 LROSE L o
f dhnowght bedftverne enehwgorchandwark eneans. thoh reasorsithat wibicbel previded later,

b ' [ fi bl ith h h f
B U it silRb O aRE% Fh T easons hat vi 11 be
preovitdedt bad fsltage thRparktol FaciiRy ReheRy &f @){t@tlﬂlalyvcﬁflﬂgét }F/%ﬁ?)ﬁﬂl ie. Vi,

with 5 o at | east one vol tage conparator facili

wher eandie compsred alith\aaliftagally peietated vottagd/fekencedn e later).
conpared with an internally generated voltage

r ef estdedseons eiltags e@mpR4SF JaciliDy dhele@ddlex@nfil VOkdga fputs, i.e. ¥
conparator facility where two external voltage inputs,

i . e.ad V,anzh bézcompaeed ageinsteagtacther. agai nst each ot her.
Control logic residing in CU can be divided into three
méiontreblogisoesidiagdm @l pat keydivided igo dieree ewin eajegorige andlisted in
[ . . g ensure stabl e DC harvesting
(gﬁ%}gés)?&cﬁﬁeer%ffh?gé&aﬁl??ori ty logic PLDC ensures that

ato aldgi¢ irovessurstsadble [¥0 haswebfinge ( €D}, )DTheofilsa@dofity logic PL,.
mai ntai ned on the positive DC |ine (Vvd) with respect

to teneumethpt gtk timasestpldaand syfiicient HCGrolfage gl majngained on the
noni . . . .
appr A Bhe CANAEE rifert (o LT BRI [ oy s achieved

t he §YCmehiedriR- foMkianBesCRY) andTMtﬁftiiﬁg hspr&fae Gerldleén 4 ®so as

CU can operate all its control logic in a stable an
expewttach omoffethe fIOC-chargé-oditec Ced).| Biigtihto efisutd Rt tie CU can
Logic to control shunt-switch (& (PL,,): The second

pr i ovfetafe albifs eonmoBlogicdnm stable and skpegtadamatinefoby pitragted length
I ong,Ag I he first priority logic PLDc is achieved. The

20 second priority logic PL,, is achieved by

nRNi Lapid ROcdndiol Shinnghach D, f(eedhartie ¥RbARPRSHtY logi¥2raNéhn be

V, and outputting appropriate signals on V (50 as to

t ur reasily handled by CU as long as the first priority logic PL,. is achieved. The
second priority logic PL is achieved by monitoring for changes in feedback
voltages V|, V, and V; and outputting appropriate signals on ¥, (so as to turn

on/off the shunt-switch Q).

o Logic to communicate and interact with Auxiliary DC Device(s) (PL,,): Since
DC power is harvested to power the CU, this means that other DC-powered chips,
for example, IR/radar/temperature detectors, movement detectors, or light level or
security detectors, can also be incorporated into the electronic regulator and
powered by the same DC voltage rail as the CU, so as to provide more

functionality to the electronic regulator. Hence, if there is such need for an
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-on/'off the shunt-switch @ ). o Logic to comunicate
and interact with Auxiliary DC Device(s) (PLA"X ):
Since DC power is harvested to power the CU, this
means that other DC-powered chips, 25 for exanple,

| R/ radar/tenperature detectors, novenent detectors, or
light level or security detectors, can al so be
incorporated into the electronic regul ator and

power

Fo Bt A o 1Py a B plSivdBeiF e made b of
r egﬂ'l'eatteﬁiﬁrmr{_g‘eﬂﬁ)%essinfg ilag%slﬁtlésso ¥eN D66 [fegrto in%l%ﬁcate and

auxiliary device (per I n t e futur

pri mterw WItblqh@eFam;diLaryMs:e&pTlmfﬁrstt préority mlcn Pﬂ,g and the second
processlng capabjlities of CU, is required to

conPRINTItE JQ8C Fhd donﬂhﬂ‘arrsw%wnpquﬂeglé sig% they gply require waiting

or 1| C?%ﬂl; Sgitgeprel g sBandnamd ae F@he%ﬁf&reéiﬁ“qe%@ﬁﬁwch 0;
P evel L B oRit s el @[xn IR e RiegseFbirof of he' 8&ssing
ShupsaBiityt &ffba%d 1200 HACU Ran bR A0 2 icel interact and control

Ther ef or €, nificant portion of the protessing
cap&mUIltlttKiﬁ @Tausglyrylaclizwm CU, can be used to

au)’(‘ﬁ}%‘r‘i%& uteseru? fega go ?l?n'éle&ronlc Legy ia‘ior é}#dﬁga r?(’j are) still

lrary eVl ces. everal nore IS es

undléwe. Ebeekamples at elguhlabtaft upf chirgeiresedvaf €, Sikidnhpty 14hd thus is
. uncl ear. For exa initial start- up, char? .
incppable glopawerpgiup € nE‘pSlylccaﬁéf s pp\yered rupap abinsapgble of actuating

coRUSA%EB Fh T Sy R PRSI WP T o
camet(Wnt‘Ch THE hEkn SJCHBN?%'QQd%?QnorE ode‘caﬁB' Sf“tﬁ’eh smgheéié%lode DC

reservoir capacl ext section provi

haﬂvedtmgd;ebairbxﬁt Grﬁd bXytainsvsévelud dtep dapéXant RRs@EiStRDf the CU IC
-circuit and expl ai ns $everal ot her inportant

thaf jalloys 0 & SO0y Sbicand empath, AREraln ghahe gt invention.
Th&@RRd NdetdiRIOY 1 H&l@ﬁ%léﬁﬂ?t han@PES, aﬁﬂe%oﬁfiedttg%oflgg:lfe?g& picture.

Pnvention.  Ther daf etai 1§ of priority
PLIc and PLs are provided to conplete the picture. 2.2
2. 2eDetailed_Circirit Specificatioron Al descriptions in
this section again refer to Figure 3. For ease of
ex pllladeatrippions tnhthis seetidnupaingrefed ta Fignrs3. doe easdtof egplaeion, the

foll ows: 20 The m ni num operati ng vol t age
fOIg’fw ‘Wo%téonrséf?o‘ﬁﬁ%‘ﬁ%%a%?llp‘% manuf acturer, to
Veu min - 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.
Veu e - The maximum operating voltage of CU, as recommended by its manufacturer, to

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

time.

Vevop + The optimal operating voltage of CU, as recommended by its manufacturer, to

ensure a stable, consistent and predictable operation for an unlimited period of
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ensure a stable, consistent and predictabl e operation
for an unlimted period of tine. Vcu ........ The
maxi mum operating voltage of CU, as reconmended by its
manufacturer, to ensure a stable, consistent and
predi ctabl e operation for an unlimted period of 25
time. VCU Op The optinmal operating voltage of CU as
recommended by its manufacturer, to ensure a stable,
consi stent and predf',ct ap_},e operation for an unlimted
per i tde.dfsudllp 4} |, ree-Lusualing. and=y YW, 11 Bo the€ if (A& is any slight
CU,op 2 5 and vdd = V,, 20, so that i?'fhere i s any

sli ; Bt ' uppl .

cper A3 Irthe BT, Lol OuPT Lhi B8 oBeE 6 GHis not e

ryef eTieniaemad rdfagceWolthgd BE istdint the villgk 28R pARIEP Aindtied of CU.
function of CU. Usually V', f <vcU,0 and is internally

geneUstallg W tdip, Cldnds id dngrradly Vgederated aWithinalCU as long as
absol ute voltage reference and its value is The

det aljyed <é¥pifanat i Bpsis iatsor @y abslare veltager ef@eraeeandoivs value is
provided in the followng sections. VCU mn < Vdd <

VCU, indspendanépEHdent of Vdd . 2.2.1 Switched- Mode DC

arvesting sub-circuit 10 The S bl ock in Fj gure )
TR AEER . ARiat it fessrdp Bion i ot hemded B the ollowing
seembisched- node DC harvesting sub-circuit consisting of
el ectronic solid-state switching elenents in the form

of ,PNP transistor and NPN transi stor QL4 .
Z%E)pg\”('mhfcf'wi%&Q%ﬁ@i@?%ﬂ@geﬁ@‘q@é"%tors R, R12,
energ}/ st orage and desired DC volt
I

R' and R.4 .. For C | | a%e
naierGemdtiesk inXiguss 3 illistratas the peaderegdpmbgimeng of thgsyétched-mode

SEMTIE PP
fosini &fCPINH - thandistoP@, N aihd @SPN NehnSistdr @, [ .CSugportinghBER Rdristors are

several inportant features of the sw tched-node DC
rebigtove 8t i Ag, BubadiRy,cHot enargy storage and desired DC voltage maintenance, a

charge path resistor R, , a charge reservoir C, and a voltage sensing divider circuit
consisting of R ; and R, are also part of the switched-mode DC harvesting sub-circuit.

There are several important features of the switched-mode DC harvesting sub-circuit and

they are now explained as follows:

e In regard to transistors Q,. and Q,, they are common-emitter transistor switches
(since their controlled circuit is on their collector side).

e It should be noted that when Q,, conducts (i.e. ‘on’), O, conducts charging current to
the charge capacitor C,. Conversely, when Q, is ‘off’, Q,. is also ‘off’. Hence the
states of Q, and Q,. are exactly in tandem.

e Another important factor is the initial start-up process associated with CU. As
mentioned earlier, 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 its output

pin ¥, to replenish the reservoir capacitor C,. Now, to overcome the initial start-up

dilemma, an important point should be noted in regard to CU:
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‘they are now explained as follows: 1In regard to

transistors QDC and QL4 , they are common-emtter
transi stor switches (since their controlled circuit
is on their collector side). 20 It should be noted

t hat when Ql4 conducts (i.e. “on'), QC conducts
charging current to the charge capacitor C,
Conversely, when Ql4 is "off, QDCis also 'off. Hence

th t at . d tl ' t gnd .

gt 2e PV ATPRE e iobfares i peohe e Py <Gpy e - There i
.pr&pr?e?iﬁy a5k 'Mr%ftct]m%rciﬁﬁr aviridble R0 %e@i%%g {raf 8xﬂ%it this
initial start-up, charge reservoir C, 1s enpty an

t hpropersy, ii.ag befatsl the sigplyodolpgevencirey thepmiGimurBiopematiht vélmge (i.c.

outpbt Bl G of b sbral REReT 16 (PRuBRUHP Pitdys by deutsghn

. S ] i .
e e TChRT G Wbl diafe sRIB8 1B o Ple OOy Gpptine
0 dheth¥ &fgjlgh%h ifddelishcal &n@b@kgﬁﬁéuwgﬁ‘@@esltzg#—g% 4Sgic to

| ong as Vd cu,mn . There is currently a
nupitssdte 8¢ neravhiomcimpletlanca biiliremtional ®O piasi ces t hat

R Bj [ er,t I e or he. s |y . .
S b Sam B RET e et UL Y0 i o i

Mapbdand?) pa (§de @U1is @bt irf SpIRANAN. A hedPefoROARreAPflow into R, will
(input/output) pins are by default, high 5 inpedance

pyaid theGric path haed snspall flowointa@g aed deedise Mse offigy, . 'Thishewsdd 0,
starts operating and the default high inpedance pins

toa pordlcts Slraigg caeyoytiaf the dase ab PNEgiransistor @perSabseqaently,

%rmald Itow i eqﬁnc% bi _-di recticgn)nal |/ O Bi ns. With %e_
or EEAFS iﬂugﬁ%r y chatee; IESTYQIE CadPethargraliP-aPngs dhe chggee-up
. ' v V114 4 : r i

LR M) Rolbas e GO stud i ERAE HCERBE e IPER now

BBk3s Widrlthe ddhtrdY of thetvef iWdpbriaat DCaRbrgk Q@Euﬁﬁi%fiél%v i N many
R14 and into the base of Ql4. This causes 4°to
comaarsiallycivailible) Cdddeders, dut cofmntonetolfirsiea ddrgdderating voltage

{ | st Sub tl duct '

t a{ﬁlgg ?ﬂr:\ g EeChr gg e ?Q/%?tgse %EB'O FX’F] ﬁﬁ‘%g‘ﬁg SQt&l{? g‘é §/Elc e =44 Yolts and
gh | im, $3 exc T t

oﬁ’g’;"gﬁ'ﬁ 3 Og% % *ﬁ@%é‘ Ioijg{ ro F”?‘;’S %S’?‘S&ESWH%WS"}%&%S&%{% fate of

id18s pRIPoFtRInaPlo tHAESH/EH Y1z RPOSURBRL sddfces Ql?é’r%Te?%gléJﬂtthé‘ Qharge

signal V14. In many 15 commerci ally avall abl e

deltdge &s C, irdacha K0 nnmhert @s ibrecthan dufigent @ipey, 8dyi foga 12 MHz CU,
voltage range for which CU operates stably. For
exiartiliee anseerngews its contral fogic @, epntroll ¥,s beflark the charge voltage in C,

exceeds Vo, ..

When CU is in operation, it needs to take control of ¥;, to actuate/de-actuate the DC-
charge-switch Q,,. so as to control charging current flow, thereby stabilizing the DC
voltage. To control V,,, a voltage divider circuit consisting of R,; and R is used to
produce a voltage level V|, that is some fraction of ¥, . Input signal ¥ is connected
to one of CU’s voltage comparator input pins. The main reason for using a fraction of

V.. as the feedback signal is essentially due to the internal reference voltage V,s used

in the voltage comparator function of CU. In the majority of devices capable of CU
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Vcu, mex = 3.6 volts is common for a Vcu,np = 3 volts '
CU device. Since the charge rate of C3 is
proportional to the 50/60 Hz AC supply source,
therefore, when the charge voltage in C3 reaches
Vcu,min ' there is nore than sufficient tine, say for
al2 MHiz CU, 20 to initialize and execute its control
logic to control V14 before the charge voltage in C3
e pera it needs
fﬁﬁ?‘tﬁﬂlﬁh cl:eshtqhgrfﬁt Y\Q%{i}%rgg:gt %oltta(g,: dbva éx%eljig? r taﬂ%]ogxfzomparator
CRALESSS C S B 0 har urr
oW, tsh}grébﬁacsgtog |t H’zjel n {?Tﬁl Qg&éﬁ &”f"a% g {(:)ogl? r%'lze v,

Vi | t ag r f d
s U N L

saiRgé E@@In'rr&ﬂd&f byVthe: manulfdtRlttr & QDAL eNdfie ik GRIANESh&Ftion of
to one of CU's valtage conparator input pins. The mai n

r eHdfonarn wilinjted pgriad of e Thsreois alsygeme possihility shat 64 skvith ADC
\S;da nak o @igﬁe? %gme'rt%%) %npqlﬁecahg sbBE ubddf BloRRVer! £ glfcﬁ,l ?eenoted that

tage V used evotaeco arat or
othe Gokjotity pHeADE] @miptayisafs atl'evnetaﬂse aaahbl mstaiztaﬁbu]wli’g&oltage
funct| onal ities, the internal reference voltage V,

udipglisdie t%QVo&/‘@BH‘pﬁra&’F@Pte voltage efsrance. ARC cPmpRLisgRs mﬁy not
tlgkes&h%le%} th\éoéél%gteary since 73, bEW¥ioad id R tes%ﬁég\vfo%ve% if ADC

V., The optimal Vol tage

dmbut@ aeb toobd asddh ehenpit IlsITﬁhpeSam'BHMat tHOIADQ Qomp@@gme laﬁiae&bsolute
y .the manufacturer of CU to ensure the op

oYfé?a&? P‘Hﬂp%‘ls"@ a@@ ipdgpengdent ofi the:puresat Kerlpved Bﬁummﬁéo the voltage
T t hat W, t
(RS RRROET. DETDIP e PR A B st

usRe pHovvever it should be noted that the majority
of:Z, nheadditinms Rarasdr Ry shoulgehave large resistaraiatugs o that power
v V(SFfl’age supplied to the CU Wthout an absol ute

V&Estu?%l]%g t xfoﬁél?ﬂ?eevol ?gd‘l"\q{m%lfcﬁﬁ% n@% Oglﬁllgt Herpc% when e drops

sulta the current art since n

nlﬁloﬁtl@ﬂheslgr{dww\(fﬂfthat ¥,/ i98elb@ V1) pUtCon@érely, szllilﬁ M?ﬁ%s above
then it is i1nperative that the ADC compari sons are

abgolitidignalsviol € Bl gleat o Msaatiose s, AnNow) dspeinde Mitholteeping the DC
current vVdd level. Returning to the voltage divider
climecvoltage i, Ftable end¢losd ta &, potted ddedful bperatiaisues pefforiyed by
and R, is chosen such that R VI =Tf . In

adbian{l #rey ar namdesribedsAsdellaivshave | arge resi stor val ues

S@ éljaﬁ thCEQererﬁiloqu %e“ it 19§ensed that ¥, has exceeded V,,,, CU outputs a

‘low’ (i.e. 0 volts) on ¥,,, thereby causing current to be drawn away from the base
of Q,, shutting off Q,. This also removes base current from transistor Q.
causing Q,. to stop conducting. The voltage in the charge reservoir C, now

depletes as CU and possibly, other auxiliary DC devices, are still drawing DC
supply. Another possible stop-charge operation can be described as follows: When

it is sensed that V|, has exceeded V,, , rather than shutting off 9, and Q.

immediately, CU delay for some time first. This can be achieved using count-down

timers as these are standard features in many commercially available CU devices.
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-di ssi pation through the voltage divider circuit is
negligi ble. Hence, when V,,, drops 15 below V,,,f , it
signals to CU that V,, is below Vcu, o,. Conversely,
whenV1l6 ri ses above V,,f , it signals to CUthat V,,,
I's above Vu, op. Now, associated with keeping the DC
line voltage Vd stable and close to Vu,,P, two needf ul
operati ons are perfor med by CU and they are now

<l B8 e ot geBVing BN BB BinBRECls g PORad v
ZONB l?%ltha{ {heS cha)pﬁe rg te osf) oS rMated QOe ¥t11eeQ);(0/861 lll-lszh)ggt %ﬁélry(ef%fe it is

Q rather TilafghBbSeard Qgtﬁé‘é‘%n b@%@la‘} Wl that fleﬁrésf 9&5&5;’0 exceeds
Q@Dc causing Q¢ to stop conducting. The voltage

t he, chasimee tes evoutd renter thewW U deqpembiy. @8 efchirpof the delay, cu
possi bly, other auxiliary DC devices, are still
dr precengs BCoutpuppl pw’ An@t(hwltsp)oasmbItlmr@lyoqutxmgrcg“é Q. and Q..
opgrati on, can ge descri bed as follows: Wien 25 jt is

o o hE <ML FORBATRE SPERUATERIRHIY for JOTe SSFENGFOrfgtalfto the charge

S histérlleﬁ Crlseddentl @R gacopefdf@rﬁvq % tvﬁlh\but fekhifigh aYrefPEharge.
sone time first. This can be achi eved usi ng count-down

Pl Begi-chgraenenesations GY aqefarmes the deginechareq aparajion as long as the

e
#aiiv\l (fi“ﬂﬁfoh%g{?esa%ﬁeﬁ glafclel%bseé\ﬁ{e%ﬂy\r{]}ﬁ% asg(gb-cl}agge state
Vo(ltea@etthyomd Q&uaremot Nohduwegng)hadd (2)er;chay dopped belotv v,
C, isrelated to the 50/60 Hz AC supply rate, it is

r adhemndiaplyaidihpfooestartd dugputl@sihigh’ @ndsih dy, whicheutnhah Q, and
expi res before Vdd exceeds VCU, nex (since that would

r esithaequenidy, @) - romegiap| cgjrentCloex pito yCiofiat e arel &y, Witen the
5 proceeds to output a low (i.e. 0 volts) on V14 |

t h@haémregqmlt Cads splenshe GadrQiaow higher thast Bya, the stop-charge

sto rg eratl on .provide for nore energy storage
i nP CTSﬁ Séleﬂ‘fé“rrg’@ cprbigivigitaledsprgagfient | y, CU can

operate longer wthout requiring a fresh charge. o

2. BooSutLERcuft seerafd uﬁlﬂfﬁqefham%wihshb%g' n-charge

operation as | o as ow ng two conditions are

B e 6, A B 9 LR P
froﬂlng‘l}(f% GmQ;ﬁ“i% fgrr é)c?lpa%ﬂg l?rﬁe. S%Wntﬂ? Ech c@}%l:e Jhrre] %\Xeral 1mﬁortant

procee

feafdds GHife seY bsﬁ%ua&hltxnd Eﬂ\% are :9@@&@1 Qe G B IR s: {1 ows

into C3 vi&d"Q charge reservoir C3

o ISreztl tS'ﬂﬂaﬁi&hﬁé‘rs(Qé ﬁ}d Q’ ,@hdysar@%llﬂb%ﬁﬁttér R@Rsisfodwilches (since
t he stop-charge

their controlled circuit is on their collector side).

e It should be noted that when Q, conducts (i.e. ‘on’), O, shunts current away from the
AC load L,.. Conversely, when Q, is ‘off’, Qg is also ‘off’ so that AC current is
directed towards L,.. Hence the states of Q, and Q, are exactly in tandem.

e Irrespective of the Q, state, some small amount of current will always be directed
towards the switched-mode DC harvesting sub-circuit when SC,,. closes the DC-
charge-switch Q,,.. As mentioned earlier, keeping the DC power supply stable and

constant is always the first priority of the electronic regulator. This current drawn, if it
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process (as described earlier) is initiated once"

again. 15 2.2.2 Sub-circuit SC, hu,,, for actuating

shunt-switch Q In Figure 3, the sub-circuit

SCshconsisting of R6, R, , R8, RO, (B and output pin

V9 fromCU formthe neans for actuating the

shunt-switch . There are several inportant features

of the SC hu,,, sub-circuit and they are now expl ai ned

S : i ES d t he

al% élfls? lfclr%@DC ndoﬁle[: S&?E gtr‘] é I%S%l%r?}%é ) %e%' g%ﬂ C(éecg %nq rXA) and

tsth@urdrmwifécﬁ)iﬂueﬁit}féldp@tahbn bBthe'T, M@idf col | ector si de)

It should be noted that when Qﬁ conducts (i.e. “on'),

Qdowhthatopering/clesihg afvgy lsf cantroll&Eby th@d’@ad)ulpﬁCpm V,. To open Q,

Conversely, when Q is 'off, QS is also "off so ’{ hat
Cb(@ltt[wts eflow’ gi.e. di vadis) enl /§ dh/aneblﬁ cduAidg. cukenicte tiehdrawsn atvaw from

and s are exactly in tandem Irrespective of
thF H@S@@f ratsbuttiag sl Gpral wam femeyes igpe @mrelw from drangigtor O
2 t ched-
A5G L PP ARt RE ot B4 3 B, pobiRcs, which turms on

ha . As d I , Kk th
AR ST < st ab and °2§ns?22t' s al 325’%”?% ’
A T
ig{r%?]s?z{ QJ 'léaﬁm P.‘%l%} gﬁ\g/c%] g P % glréd 58 fﬁ%weyoltage Vs
grﬁlgfs shoupﬁ rSr%L?QM} &gut \/élt%ﬁgya e kblng ® laﬁ§l§ig s&b-mrcmt

'operation©o

S ACﬂh wigWsubt t | ,
Cfst B e R e RO RS (it Wl oM SeGRe e éﬁ”"

Iovv (i.e. 0 volts) on V9, thereby causing current to
21223 d8ubrcincnit SCpifor Eieteetmgs‘ACbbfm| e. eurternitr=y /of f) to ‘AC-
. This al so renpves base current fromtransistor
causon’g(IQSdurrenbp Londucting. To close @S, CU output

high" on pin V9 which turns on @ and
SUb&?%@\'ﬁ%éﬁv ehder, thé %H%fr@tﬂ?%‘@ | ‘?@qjlé]ﬂet? doSis gjing of voltage

openi ng/ cl'osi ng of Q6 depend on*i nput~ voltage

diidirf RGistorOM, PROcInEG tn SRl BNHe icBR&orY dﬂht&%uﬁlaé\%tch 0,
V, and VZ ari si ng fromsub-circuit 10 S

pro0idk oivd iMgars Ubr dtedting ASrakitivh GOns PECf ¢i.ddet@édts AN ) to ‘AC-
sub-circuits SCS, and SCLS . 2.2.3 Sub-circuit SC8 &

orf’ oi.e datreent Fnky,,. ACThe violtge E, atcthe rvehage=dilviiing' poinwis' tAEfeedback
on" (i.e. current =1,QSe ) As nentioned earlier, the

signab {e IGLE WhenS@8tent d,, ;i igdlosvidg, tboslainsswitch Of iy 0l thagdosed state

(i.e. CU is currently outputting a ‘high’ voltage on pin V,). Hence the voltage at V; is a
small voltage when I, is flowing. The values of R, and R, should therefore be chosen
so that when I, is flowing, the ¥, input to the CU registers a logic ‘low’ signal to the
CU. When the main AC switch S, in the 2-wire AC switch is suddenly turned on, a
large current 1, will suddenly flow through Q. The voltage V; rises quickly, crossing

the CU’s logic high threshold, indicating immediately to CU that a transition from ‘AC-

off’ (i.e. current= I, ) to ‘AC-on’ (i.e. current = ) has just occurred. Accordingly,

Iarge

CU turns off the shunt-switch Q. It is noted that turning off the shunt-switch Q, also
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«dividing resistors R4 | R5 connected in series to the

collector pin of shunt-switch US, 15 provide the
nmeans for detecting a transition from AC-off (i.e
current = Ismarr) to "AC on' (i.e. current =1,Qge ).

The voltage VS at the voltage dividing point is the
feedback signal to CU Wen current Ismar, is
fl ow ng, the shunt- svvitchQSisinthe closed state

ol AT JMAEAL " W i il
I I d
PR o e S P P e o

dette&%n?é%rﬂag%"‘&wggt ; é)grﬂgtlﬁeq qf\i‘% his %ﬁm@%\éﬁe Cllp V(‘!ntrgf l\%?l% should
1gn6@ BWMOreh ¢ SisSogrden ¢'risWoBRGs (ﬁBw R sub@i it BT T ggtbe egplamed

barge wilI~°suddenl’y flow through Q5 . The volt
in tHeSkt GELIOK) Yo pedvades hNggnal i &Y & hapi gj #¥cBNon’ again. Finally,
threshold, 1 ndicating imediately to that a
andtheimstgnmnildﬂmlorAﬁ}r Ryfdnd( R, 8. th@whéie nétal-rebistdRvalues should be
"AC-on' (i.e. current =1, Q’ge) has just occurred.
smaldar dhali gl §,. Ripe@uice wontbatothe SMie ssbraimtuits fdring anQfectivdé shunt
is noted that turning off the shunt-switch QS al so
path 4i.@ avhgn LXhis den’ @nd Hent istflosving)l owi ng t hrough SCSL so
that the SCSL sub-circuit has no functional purpose.

[ to notethat the SCSL circuit is
2. iﬁ §q§>seucnbtr58 {%’ ¢locting (Acanyfies cusreat =oh,,, ) to ‘AC-
Q her_than this scenarl o, the CU control logic should
i gnef%(‘o@ curield <ob,.ixd “off, the CUs focus is now on
sub-circuit SCLS (to be explained 5 in the next
seAEimc@tiOhed parbier, dbe auscigaat SCor inCBiguee Bucensidnpadka divider
on' again. Finally, another design consideration for
cmmt whereRBe Lop citvait is leksistooRg|whilssthe thottom aditgeit ceimistlof an RC
smal l er than the LAC jnpedance so that the SCSL
CIr@ude Cr crupetralieé £9r8 Selieseiriig porvsestlga @hdiodp d? randianethexREreircuit

@ and Ismail is flowng). 2.2.4 Sub-circuit
R grqvaﬁ?e the meany fog detagtingp tra(rasu@n fiogt rAeCPrPn -(‘@a‘fltﬁ@}lt T iurge ) ¢
A 10 of f ) =
‘Agé’% 5 gliﬂi?et sfbmch ifs.ex{é tw_é/ .aﬂdﬂ) @hB& elrcuetér&h%tqnﬁg&lc
t
serfis B PR (TG} fo MBI plrdfier B0 T fSftetdehsfhes o pen on

shunit-switth ORR, Itlshuld b8 npRd @lak Ble SO, 3ubRIrt@FisGnlyCibed for detecting a
consi sting of diode D. and another RC circuit R2 I

tra2tjonpfromi m:-biifetorrmsfff Hende titehdsi fogctRnhll gurposel cmmy fwheimng, is
"AC-on' (i.e. current barge) to 15 "AC-off (i.

‘of€uWhent O isl ‘S)nis"th9 CUOh eoMuiltlageshM;ld ahaefdie @mRCmput feedback

_Circuits R I C and R2 | C2
signals ¥} and V,. It should also be noted that the RC circuits R |C, and R,|C, should

be designed such that in the event the current reduces from I

large

to /

small

the R |C,
circuit discharges voltage faster than the R,|C, circuit does. This can be easily designed
by choosing components so that the RC time constant of R,|C, is smaller than the RC
time constant of R,|C,. In addition, the purpose of SC,; sub-circuit is only for voltage

sensing purposes and not for shunting current, hence the impedance in the SC,, sub-
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serves as input signal feedbacks to the CU nodule for
CU to decide whether to turn on shunt-switch QS . It
shoul d be noted that the SCLS sub-circuit is only used
for detecting a transition from'AC-on'" to AC off.
Hence it has functional purpose only when @S is " off.
Wen @S is "on', the CUs control |ogic should
therefore i gnore input feedback 20 signals V, and V2 .

g si%zﬁ*fi%e?eilﬁa%f@%°b§9ﬁéﬁ%ﬁéﬁﬁg§§ﬁ&i b T Y e
U rr

e e eSS Rob a0 2 o R S 0 Foshror, e
Vatagpw byiff 38 JrighER fanCPbyPir 8 Ut dlodi B, HEAhePhefd RO Lgbicion

ohents soO I'me cons

fr§ f,,,l ety han pLHgREF th!d Eﬁg%ﬁ%@ t"f}g%, cOiistdRE of Rq%' fhleanI gFedback

i“1 on,” ¥ he purpose o circult

mﬁ@il t\ﬂg%rgpsféﬁl“%ﬂaHQh@W A6k &hal Hs it Q&J @Lljllglg éhe V, and ¥,

current, hence th ance 1n the SCLS sub
fesilbaekisignsload @(t&ﬁaldiﬂﬁlhtgT@ﬂmet@UtéevdﬁUgJ]cdrﬂﬁﬁﬁbr falbm W‘Y {TRrefore,
AC | oad LAC. Now, when 1,,,,.4, owi ng (nmainly
onmrlb@gwteA@dl(b)adleL(A@ sSqomp@ra@gs) gr@t Vohds @ﬂl@be@.&EW £’2,ht ginals to
edance), the voltage V, will be higher than V2 by
CVnEﬁtu% tréles"aqno&emdme o L dis faken Placs. Acqardinglyt therCU turns the
from| , because of the smaller RC tine
shughg¥isgh o fOﬂRanfi e\lfts the yeltage meniQERg Rrosessitey Kad i | |
drop faster than the V2 feedback signal. As nentioned

th fee ack SI | s are external
,erﬁpbp?aflg ?ﬁg" ’(95’6' Z&Wﬁﬁe Zomﬂﬂ%t ssfacility.
Therefore, once jt is detected (by the CU s
conpHieaiwe b r?ﬁ‘fa@“d\/bu‘l*ﬁisprmr%ibd@%!%@ff dle \fectrpic siegilatos is now
I a | t
eipfhind-i, 3851 STHE TS Bl O 22 Rl b Tned B A oftcond
pn&n Igdd pghifts the voltage nmonitoring process to VS .
5 3 DetSils of Priori ty Logics PLoc and PLSS The
t VVO R6wadle @ind pAblityabgiprrm), iid bétﬂe@%&&tﬂfrwﬁﬂehﬁle%?&{c@ﬁ.‘(') figure
r egul ator is now expl ained in detarl. The first
3,pthie owarkyofl Bg} CisPloDmohiadieBCpieediedic NoRagy 8], doRstaBC 8 hat if it
priority logic PL,, Now, the first priority |ogic PLoc
excgedsahd enterndlrrafegincé ooleged’,,, lofi thee€'& érrOEUtontprtsgalflew’ $fgnal on
3, the work of PLDC is to nonitor DC feedback voltage
Vy6o tonsfithe IBC-skargdrawitdhf Oj,t. Cawenelgsifte féedbaknalltage V,, falls
reference voltage V,ef of the CU the CU outputs a
below e igiegrahreferancewnlfageol s, uthe @ putphis arighhsigipd o8 i, ¢ toHurn on
Q@c . Conversely, if DC feedback voltage V6 falls
the DC-charge-switch Q..

In reference to Figure 3, the second priority logic PLg, monitors a sudden rise in
feedback signal ¥, only when Q; is ‘on’. When there is a sudden rise in feedback signal
V; when Q; is ‘on’, CU outputs a ‘low’ signal on ¥, to turn off the shunt-switch Q..
When @ is ‘off’, PLi now monitors for the condition that feedback signal ¥, falls

below V,. If V| falls below V,, CU outputs a ‘high’ signal on ¥, to turn on shunt-switch
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-bet ow t'he internal reference voltage V,ef , the CU
outputs a " high' signal on V14 to turn on the
DC-charge-switch Qoc . 20 In reference to Figure 3,
the second priority logic PLss nonitors a sudden rise
in feedback signal V,, only when QS is “on'. Wen
there is a sudden rise in feedback signal V, when s
on CUoutputs a low signal on V9 to turn off

erm"ﬁb 05 B e S B PopBeriia. leitbickl Sgpal ¥, for a
sucfd%ln L,Ee, a}?@ hgﬁ‘r‘}é%“ rl\,éea}/ falls below V2, CU outputs a

O turn on shunt-switch 16/24 Cs.
V\hen (03 |s turned "on', PLss goes back to nonitoring

2.4eAﬂditionalgPabtélStibanircLﬁWen rise, and the process
repeats. 2.4 Additional Protection Crcuitry

Addidditioms Iprqe@ioaaincoitry Gafi alsb tbe Wdddintoahs prefred dddddingent (i.e.
the_preferred enbodinment (i.e,. 5 Fla@re 3) of the
Fighpgy ?ﬁﬂf thenGrerrnt &hvenﬁ*-?fgbﬁ%ura‘ﬁ iljusktesyfhese prsecdion circuits when

incRided @ thle AikcEit Eifagirahﬁom%ﬂre 3.8 |F§§i’1?éj4 | aﬂfutsé]?’ i§ laf&dd Jn the Active
di agram of Figure 3. mﬁgure , fuse F i s added on

wire isupply: thich limits the gmesrmlyn euireng ttht!ghttheelnetmnmmgwlanr Also

mcfu%{i ik @'ﬁper? Hrisgy B¥r gx?%%oﬁaqtlrﬁ ’fé’fl? z%w{t' l\fe\h {2pe %ressor) diode D,
cor{nzét@&]m e{}gllleY% f gn?ldg %gl RESBR)T &e)s? %é%yysﬁ% t§ g@g)?ecs% ugwanted

I'n para e recti

voltdge 4pikbSwhith ThHYPITRESthE %ﬁ@ﬁfl@rgotit@ie CREESUE rSRIHES Tﬁ?hﬁlgnt the

may affect the operation of the electronic re .
pospibiliy f agsidentpb (ang @stndﬁmattlgb ocyfemh@,feineerwaﬂone amide DC harvesting

proE, B RS e, Phce A Ut B U BFAEIT paP LR s SGoc o
ilIuSQREE o ﬁ%u}lgﬂ4 p@‘@kér&k bz L(g M‘%r?%%cr g élt | b usgl{oﬁkgge cl?osen

Figure 4 ener breakdown vo iy

highRashgh fgh aeIen dBéQl%t%?&R%“ﬁ%nt Matg %Zﬁ%&réaqglvc‘eo. dlglode

not break down %ffen Vdd is at its desfred [eve
Dzé},g s%ﬁﬂ RhlyStieakddwRMhMs BFoRREHL W, ohB“ﬁ tRE SV ¥ NGseSCbove the

in the event Vdd rises above t maxi nuff
ma@mambpei@tmgo}cﬂtageoﬁrwcu It should be noted that the

rotection C|r uitry illustrations jn Figure 4 are not
P nitethauld heonefed thatythe proteRtion  Gircutiey, il sisiORs b Figie 4 are not

mtéi‘?él@@ kd Be febtrictife. HUshbBIdtbe@ldar td\@dpeAs B BE BRréht 8t thé@tal'iﬂ?é'thora of
protection circuitry variations can just as well

othgpaotectipn Kirgyitry [varigtipng et isbes well b @dded,with ilijtie @tl@epwe of an
invEARMtep taken.

2.5 Other Circuit Realizations

While Figures 3 and 4 illustrates the various preferred embodiments 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 components with
different parametric values. These variations in circuitry only exhibit trivial variations
and do not clearly carry evidence of an inventive step that is different from all the novel
features of the current invention. The circuit embodiments, described herein, are

presented to demonstrate clearly the novelty of the electronic regulator and it is not
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2.5 Oher CGrcuit Realizations Wile Figures 3 and 4
illustrates the various preferred enbodi nents of the
current invention, it should be noted that equival ent
functionalities of the current invention can just as
well be realized by a plethora of different circuitry,
or different conponents with 25 different paranetric
val ues. These variations incircuitry only exhibit
var, 0 Q.09 clearly carr
infgadd 8 o B s By ol OmE S il ik i ropresonted.
Faros@mpld, Faguie Ssillobtrdtdica QO-EleRie-swikhnNidriation dhFiguird G Uikiere the
enbodi ment s, described herein, are presented to
man@ENt SRTEYing émtply ig AR ROV dransister Ohhavhicheist irigapred by a PNP
egulator_and it is not 17/24 |ntended to be
tr?@%t% 11 Peth @xatisl Es tENSSIOREWEEhGS B @"tqpiewlag in the common-

AR e S IR T oL AT Sy B e

andhtedire etjliiealentaind oﬁkyrdeﬁmhstmwsra)pré@reﬂw with nb partiouldiFANventive step.
transistor QDC which is triggered by a PNP transistor
Aggther tegtah vationms iistraiaddn Sigrep, isyplve FpdacingeOql and O, in the
oper at i i h the co n S.emtter swtc de be it in,
Rl arod? T BRmERE GO PHev S oveh & P reRaRRaEhelpetonic IC
st 'tcgnug’es I(|3 \f’henaﬂ\%r i€hs o‘%ﬁr,t ﬂleemld ot l'(())lrl] | yIC switch . conducts).

ates a erenc | CU inventive
Siﬂl%ﬂy, mAp@hllgeg t]:afh'sMof’g gvéﬁd @t i the ﬁ%&é\i’ﬂ'gﬁtsruﬁ Lt BC,  ca
gure 6, 1 nvolve r ep

ainECtHQQHSm@}@lam Wﬁﬁvﬁsbﬁéﬁgc&iﬂ&‘t Cé'léc?thlt: 1BCoswitV tﬁﬂuma Another
singl e break contact electronic IC switch SDC

possiBIE dratien isStoneplaeVensistdie (8 a ahd O @f IF u$éi§|3 ahand 5
conducts). 10 Siﬂilarly, Q&.gﬁrg%é tggﬁgisg%rs CS )

w&hdqi@alemMﬁﬁFE’hdmleswtch sub-circuit SCshun, can

also be trivially replace i th an _.qpen con
o1 Boepire 1R dimreBAtaRite Mo Bir IpuEg e fgulaor, for shunt
cdh%l ot dnORCi18mp %aﬁ%@laa&ep[tevammesm N&mpdoad fkdhn undasﬁabaaﬁashmg
é% of Figures 3, 4 and wi t.h equi val ent
bediayip g¥h e“lari‘ elegtrpmia 2-wike fig SWitsBrig awtneft@d ﬁ@)ts@rlqsﬁattheaAC lamp

loH§ e lﬂlscﬁisé‘&tTlﬁ”élSctfoﬁﬂ:”Je@ﬁleor i Qfso Qﬁh’i@ﬁstra@eﬁ t%ot‘;lat 5[9& t$ rovide
| a So as to prevent the anp | m

swmésodﬂabpaaweasfmpnhg to pewervother, IGmiups emlceirertﬂyr dmretby enabling
mﬁre 8£t?onAq&§ Fu?t cé}rﬁro%ogt{he %égrﬁn% "\ eieF rﬂo%é‘:i III?lor gr 'ﬁ‘g b gmpmde

ose he el nic reg u is als

appiiomivat fiedd.dd atiditibeg, ialsl adsot dlscﬂdis@id itlehe th@wist}ﬁﬁh podibi I for a large
O power o Chl s concurrently

ower .supply t
ey @BW Bt §arigtiope Wﬁiiffn can e 554 SrisRbec o P Yhe,glgptronic
re@MBIok"8 PreFérh&y foRR bk Riith il fdesvidedte 858 ihVenfividbid§ or improvement.
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20 ‘application field. In addition, it is also

di scl osed that there is high possibility for a |arge
nunber of trivial circuit variations which can be used
to replace or add to the electronic regulator's
preferred form but with little evidence of an

i nventive step or inprovenent. 3 References [1] Alfred
Vogt and Paul Greb, "Control Circuits for Thyristors",

tent 25 2008879 A, fil h. Grbh Wl ter
1314 (oRg <ol APPYRIYF | A 25,95@,3 }‘”tS‘tFﬁ K Herery GB
a13d9 DONBRCT/SGH 206058, fil¥PbyKbE YanChéd &OﬁNBOlw% ublished 13
Circuit", Australian Patent Application A U 198930798
AYlay B¥8ent 608416), filed by Gerard Industrles Pty.
2 .
[41““6 ﬁsi'f’s‘%*%ﬂféd Sybpind XARuiE A RlEH SReM ooy 4U
2429 It (ﬂ('el?a’AUOURI‘f?dI),eﬁﬂBd@ H.PMO@8stAes Pty. Ltd. on 26 Mar

/S / ed by Koh Yat Chong on 7 Nov
1 gg gggéﬂ)qégé*h 1998. [4] Peter Birrel
y [ 4]
[5]"Keivt Cﬁhlh@ﬂln@/ld ciAl ToGliFLPower, wxﬁhlilirfeaﬂ’dv@d'ﬂed:’s{}vﬁm Controlling
Application AU 5 199922429 Al (PCT/ AU01/ 01451 filed

Weqqs p. fong gt presigl plaministrativen Regign Wtentl 265 (Singapore
S 6 f o /' :

PR g ot YR SRR 1 o

MOABs" ang Kong Speci al Adninistrative Region Patent

t 10609, b b s
B e oy
200t Afpﬁ]zcc%doa(ﬁmg/ZTMB, filedWwy-Amijele [Aeramor (3) PeS Litdon 17 Dec

g%fach-nnde t echnol ogy", Singapore Patent Application
8 4/ 2204/ B, filed by Anjels Integration (S) Pte Ltd

[7]%ulbu5]‘?%1 quf’ee fh?]:unt\éoﬁ')r @Wdlwll\{’e Mu-ﬁ'ﬂeeﬁoéa 'WeHl tS%vltt:ﬁ’r PRC

Two-wi re Load Wal Pat ent
o318 0305 4]! 32 fI i F led by ovwa(ghéxmnlvl 1 Awg 2_0(]3 mtgnsm Mar 2004.
publ i shed 31 Mar 2004. 19/24 Clains 1. An electronic
shunting device, henceforth referred to as an

el ectroni c regul ator,
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connected in parallel to an AC | oad conprising: neans

for detecting a transition from |ow current flow

state to high current flow state in the AC circuit;

means for detecting 5 a transition from high current

flow state to low current flow state in the AC

circuit; neans for actuating an electronic swtch,
henceforth referred to as shunt-switch @, to a

cl osed or opened position when the said detection
%imﬁet ected a transition from high current

current flow or has detected a transition

fromlow current flowto high current flow

lr%p%fékﬂr(\/rﬁé Yhurdthe §&4d, %ﬁd@?orfho?efa?éd"ﬁ;' Q' {]@ctﬁfﬁlc reblator,
shunt-sw tch Qs Conpri Sing of tmare har
preonfregtera pera g emdiCeldad camprisirig: grcanmiot dcthtﬂmgelftmnsﬂtlon from

B T (T "

t epansicion oo high &hﬂeﬁt)ﬂcﬁw Stale t0UbW EhirrertOa §taﬁeCln the AC circuit;
actuate the said shunt-switch Q appropriately; a

s\WeaBH & -asyatngomn plgetianig F‘ﬁ'&’hs henceforthaglerred i éhsh@t-a\l\’%@h O,
tilizat,io

g% 1%6 ?riogﬁne&poiélog\}w&cglﬂ}e ) etcge? ﬁprg,fneglg l{aﬂaf:tecte(‘fl a transition

s difom @ighndurieft powen low dufede SbRdort Iiasnddtecil ¥ BN FBA low
said CUto enable its continued operation of the said

sisumentdigv Iéhhléj‘ cprient dlogoresprctipdiiehe spidineteas fapactuating the said
aléﬁﬁrlt 1s@itéh ddé l’ﬁgl'lSlggl d%nv\% %L)ﬁ&/iure q}cﬁvarg 3;%%6}518 ﬁlhrﬁbl-gdwered

as Cl al ne ereln t e Clr

CRBRFdIRE Snid ﬁe%éfbmvaelrr@dcfol szcvgwﬁh n%ﬁwbucgemﬁem%@fdr Rensing
parallel to the said AC | oad ctronic

r €Yigrnal mpubsignalasonasdo |tlran$iata|thm to anprcmrlawrmtmai ogtput signals to

-SRI, 950 SV PRl 2 PGB s
V‘élr&ﬂ@@hféh‘ﬂ Qs&&,nﬂfallm by {he g&afcﬁww& th&hiQiZafibh 5 s%ﬁau portion of

is used as the sald neadns det ect Ing a transi
f ogerall dMe supplsrio thatoswfiicient dDE powieyls hanvestedtto smtm&lyfpomwr the

sald HCUHE cofbhil, oy Bttt ot dns Fidshprbgh OB iso o
_Wg;g}gmﬁglﬁ@ah@ld,gdggg&ect ed to an input pin of the
a su

ere rise inV, indicates to the CU

t I)ﬂnt el@cthd, n%‘?égﬁ.l al9 (.fJ cﬁﬁ” LsOWaﬁHJdr ﬁ\nélaf}lgj\,’vﬁte%nﬁe tﬁe mp(!u%hfurther

current St at as occurred
elcemprigniadult-egué wctlfyn@cnmhmcnmécned ircpaalhad tdlthe @aid AC load.
wherein a voltage divider circuit connected in

3.p aﬂ’raéléc&ﬂontocreglﬂa’,tos ad daifEdlinalhims OnpR, whereinef valtagedividep Circuit

in series ¥M a,
comprising of two resistors, connected in series to the said shunt-switch Q,, whose

voltage dividing point, henceforth referred to as V;, is used as the said means for

detecting a transition from low current flow state to high current state flow in the AC

circuit, only when the said shunt-switch Q; is in the conducting state. The said
voltage dividing point V; is connected to an input pin of the said CU where a sudden

rise in ¥; indicates to the CU that a transition from low current flow state to high

current state flow has occurred.
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.circuit conprising of a first RCcircuit in parallel

to a series circuit conprising of a diode in series
with a second RC circuit, whose voltage value at the
first RCcircuit, 5 henceforth referred to as V, , and
whose vol tage value at the second RC circuit,
henceforth referred to as VZ, is used as the said
nmeans for detecting a transition from high current

APl S RS e g

| sonigctddSini }farﬁlfeetmdm-samzi@clfoadlgsgﬂtpﬁsﬁlg off¥eresiglodl in series with a
vol t age are connecte two i nput
%5%8‘[“8?'5'% Hg XFStt% Cgﬁ‘ilalf’cﬁﬂ‘r@l}?i F‘éwefm(acrhf cyit cqprising of a
fAbdeSin@HeWy I alsBEnd HEirdiflt, WhBsd 1 itap@lalfe bf fﬁ@sﬂrﬁt' K circuit,
fromhigh current flow staté to | ow current stat
fheooefordls refeved teds 15, arh vdiose tvoltagecvalegal dteosecaxd RC circuit,
claimed in clains 1 to 4, wherein the electronic
rhegesfertioreferfadrio e, c nysed setheaaidimrans Swidetshting a transition from
sub-circuiit containing the said shunt-switch

(uBLeYrER IRW Sjate terigwkrmantstain flown ther S gHowh oaly when the said
GRURLARA: ok g@fm% st ih&he mﬁ'g ﬁPArgpstLéaﬁﬁégfvo&%es v,

NPN t ransi , representing t

VUNAON drd corbebti@tlvdPinpat SRMPARRoSITAS bSthe SR @Wereby when V,

trangi st or (or PNPtranS|stor) which Is In

calld beddwv 84 ifdicdidsao $iad AUkt a@fansitish ﬂGh%lgW&ﬂreﬁpﬂ&\@@@ate to low
el ectronic switch IC representing the shunt-swtch

Quirrenti state flow hapotouakd.ed by the CU; or an electronic
switch representing the shunt-switch Q which rely

. SAnbsteatmdiakdg}ala(m aatcldimed in caiensFED 4, Z%sﬂﬁhithleeléﬁromc regulator

achj eve basic on/off swtching, capab| lities
sﬂﬁﬂbirhganmﬁa% ADRUREPYES; FbCIEY- cankaning thes S@ﬁaﬁhﬁﬁrdswnm Os

sl )R it i B RRB R S POl mode
SRNOP GianSibtol (85 NFINitARSstbh), ¢ C@é%ﬁtlﬂg ﬁ@slﬁmt—‘ﬁ@ﬁ&?'%et Which is

circuit not only supplies adequate DC power to
mtuﬁteﬂ@ypmmmmdn{emﬂmmhcbdemﬂmltta,n512t5r bartPNPII’ srﬁnsisﬂ@p Iwhéch is in

equat e 0 vver opt i onal

H0 FryeT B e i POASE oy B Pt s veais pyteh 1C
Sx’éﬁ'e&!nﬁﬁg”tﬁe Frur€sahoP e, | Qlu‘é!:tﬂ} E8ntrbllcd bg'nl@e CUMBERR lefkctronic
the circlit conprises: a charge resérvoir
CWiRhirépro@ntidg the 3BEnt ARG CK |Q%C\R/l|h@l|1 Yél* SubshddilycaPAqkdsObne FET
a DC-charge-switch for electronically sw tching on and
sdeivice o ahieyvkfoasic on/off switching capabilities.

. A switched-mode DC harvesting sub-circuit as claimed in claim 1 wherein the circuit

is connected in parallel to the said AC load.

. A switched-mode DC harvesting sub-circuit as claimed in claims 1 and 6, wherein the

circuit not only supplies adequate DC power to the said DC-powered controller unit,
but also supplies adequate DC power to power optional DC-powered auxiliary

devices.

. A switched-mode DC harvesting sub-circuit as claimed in claims 1, 6 and 7, wherein

the circuit comprises: a DC charge reservoir comprising at least one electrolytic
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charging current, and connection nmeans to the said
DC-powered CU to enable the said DC powered CU to
nonitor a DC feedback signal, which is obtained at the
vol tage dividing point of a voltage divider circuit
connected across the DC voltage 5 supply line and the
DC ground line, in order to control the said

swi t ched- node DC harvesting process 9. A

Dg' n%a?ﬁérg% ?&" c%&%g%@tt% q’bﬁ?l?ctro c8a1l Sslwg cglpg ! hencdﬁ%vgittc%g}g off a

a chargimlg anerenhtaahd ebmetti@nmearsvot thé] shi€, DO4poavered| €Utt6 @Aabile the

et Ao iowarsR; € op o 9C Eodhuap el i T 6btmed at the

f ivoRdgeldiVvidinigt poiIttd %lta@@ﬁhﬁdeﬁl%\’t@ﬁlﬂ 'c&%eh'@@ a@n%@@iﬂe%c Qholtage
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12. An electronic regulator as claimed in claims 1 to 5, wherein the circuit further

comprises a bi-directional transient voltage suppression diode (and the like)
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14. An electronic shunt circuit substantially illustrated in all the accompanying drawings

and substantially described via reference to the said accompanying drawings.
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