; €3eH HDT6TI n8Descri ption Background of the Invention 5 10 15 20 25 The
majority of wiring circuits |ocated above ceilings of buildings are
twin-core (i.e. active and neutral) wirings. In additio W ring
is often used for connecting wall switches to the abover”mmmmmmmmmw
conductor and to the active side of say, a ceiling light fixfseg. Hence,
typi cal l r is usually not available in wall swtches
bel ow ceﬂ%ggﬁnmnquent ly, it is not strai gh’m

harvesting of DC power in wall switch outlets where the’ “mmm “m m}ral
conductor. It should be noted that wall switch outlets are gignificantly
differeng fgpm power aqutl e re thgee core wring brings active, neutral
and eart c%ﬁ&gﬁgumﬂtimp"ﬂi@npoi nt. The presence of both active
and neutral conductors in power outlets make DC harvesting of power from

t hese out | eThe majqrity iofwinngeitaits docetedtabpegscaingy of byddingsiatedmin-eoredse.over in
the literature, | ntrary, the. M . O | e e the
neutral HiTe alng ng@gagﬁ\{v?rm%g.qla iard gﬁlgg/lvl éﬁ”&ér%t‘%ﬁgé (I:Se%{ienﬁ'ﬁgé rﬁog&? %ﬁ%ﬂg%ﬂ% l[}Ct or
from $pehiwigce € e abretdiligpdctiveaohduttoenad or the Eiviagidest sapga cailisgight

scenari os have to consider the | oading sjtuatjion as wel|l, thus making the
whol e DClingws ddencagtypicaliasa nawial tqonduaer 1speualdy aphprwalabledn,wall syEchesr oss
the AC e ri Le. 0SS,: har.v, i (repi try as
wel 1)1 00 bl 16HR0 b EndcRRRAR P ERFC Rk g e JaRY (e B

el ect ri cpbwéroiadvalbswitd outletswheld ithdre s ns neeralCoreluet rit shduld bedstedrtbat
resistive (incandescent | anps) w di bl e states, ile others. are

i nduct i vé’atlfSWdFﬁﬂég e Sé%ﬁin_g?g”@é‘iqtl&?fﬁmf% PRNE! B?tEFéf %’,WQT&}E’&E (CiVe "€ner gy
savi @ | 8RS actiVO GG hd Witk BorlduStold BUhOpSw& oubleSsuiRY. $hébreséRebFbe@l | 0ads
that can be fitted to the ceiling, coupled with the possibility that

vari ous Adivelandtneirall condadersan gowenowttenake DEahaivésting af gowenirow! thesgs by one
wal |l switch, it .is. indeed -trivial for ,any DC harvesti ircuitry to
provi de BEFdREFY !)HE‘?@&‘&H%{‘}, hasstl%fﬁT‘f%ﬂ{{?df%%/nyauﬁlf%_toygc?’e@gIléﬁ@f Coff tine.
The har vesiidrg BF tRe Ravalall bafkit ¥enaMd, Svitte ORI heufitd tiafe RUABSBAT réduire
particularly useful (and necessary) in residential/office automation

syst ens wiidehestth@cerss thespgutiah consusiod deonabelind e Anelesitirddaad. nghstrfpre( or

| ocal i ze wi.tching controls | SO .provi. i & C trols so

t hat ll% hefl))t?s g?"?%“&bﬁ'es%cg e Ehriatotsghatvﬁetgvca(t)rn F‘lggrs ¥h§?}§’%‘§8§¥f&‘§‘}‘]‘}‘{ﬂgﬁ‘% ’3@526
fixture (makihg thiwholefDC Bafestitighpracese Aoh-ariciah tlod kxamipleythe voltapataechss dree

di stance away fromthe switch. Irres ecti;(le of .t he npde of 'iréerwl,fgss

communi c &G elisctrirg loaditand therefore Acpss, the RE ATVESNEACUBEY 45 v'¢ grentpc
ower nu . i j oL ad;

i rel eos R TORCARIER Pad S5 D Aol NG AL IR MR OIS 1 e

5 wir el esemt nahskeetricalrloads drbecsistivet(mcamiescent lagips) Mithtdiemabler states, oshilef

sw tching controls nmay al so be support.ed_.be including additional .
movef®nt P}heﬁﬁﬁrg F@T‘Y%@@QR@SE% llaé’&fsf Eghﬁg fatr";/an‘? 8@‘5?3/ ?%‘?ﬁ‘gl” ﬁt(?l}eégyssé‘ﬁ%r s

wher e 11 1dn5n§| PithefoR2tvithlthe Plethdis D€ po &M TACBNLERS BAEOhREEHA Befitd ROVeT .
An obvious solution to this'is to use bat'ter[X cells to provide the DC power
at the welid ceilinig, couplathivith thepessibalitp dleasivetieus A€ dlestrinah bnade pressonnpented Wost
effective tq harves he, DC 10 power, f.rom the AC.current t hr ough
Che vl | PR SkglEf by Fag Bl SYich.Jt RThAE i Ayl L ank T prteiifne

gener at e@ir@&ifr?%lbromné IDE pbeatitdmeidichtly igably ald @ apsotdRtedéngdtibobtipport t he
transm ssion function of some auxiliary RF IC (integrated circuit) chips

(e. 995 Chi pc The %gﬁ%ﬁfmﬁhmer R thiot Wirs Yt SALICWiEH §iillewd fs'paReulatyvest i ng
capabilities have been 1n existence for 15 nore than 20 years 1] (see
Ref er enc asefsk@ndarekesshiy) iexesigdngial/offick aptemetion [sydtetns vehersythenival ssviichc h

ircuit di s¢l osed usi tri the A Ly switch and
har vest i HEutes SRRERErEiong Bieng T dovileD, SRRie Pty ARaRole i

and a vol{mae se@HingidoRfloleisbGHAtlthe Gse2ns dble tb hafuatehBe valiGdgsated of Adighhar ge
reservoir does not exceed the desired DClimt. Two DC powered |IC chips

were incorporated into the systemand 20 powered by its DC harvesting
circuitry. One of the ICis a receiver whose purpose is to receive and
interpret three types of ultrasonic 3°§A&ls (Dim Up, DimDown, On/OffJ from
a renote controller. The other 1Cis used to generate pul ses which actuate
the triac to obtain a desired on/off/dimmng level. In Australian patent
[2], a different 2-wire circuit was disclosed where a triac is also used as
the AC supply switch but wwth a nmarkedly 25 different DC harvesting
circuitry consisting of a full wave bridge rectifier, a DC charge reservoir
and associated DC voltage regulating circuits. In UK patent [3], the use of
opt ocoupl ers was introduced to inprove the isolation and stability features
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3 of 26 can conduct bi-directionally) is also incorporated into the
circuit. The MOSFET/relay circuit [4] can result in |ower heat dissipation
conmpared to triac-based circuits. However, the disadvantage of the use of a
relay is cont act wear, noise (when the relay switches) and the magnetic

field e f o) t ce). A
(el oA O O B P i MU oSG R SRR

t wo- wi reth‘é\@rwﬁt@fﬂ ek pecte bfthy @sdde v wilRb tdhinueRawds@UGEd o diRquency), IR

el ectro-nechanj cal relay but does not use any MOSFET ngr triac device to

control (inBa-red) pswidkrasere) PC pewer aust pe ﬁn@atf;mtéh%gva& BYigh 1p providsged
bl e t | d

Fonever . Daei Bt B el FasCoifih o e SHPRIHLIG BEBONELorh Bubidtte Wi B8,

current wirelesd aamsesivdiOattthe l’eiiiatesbntﬂﬂlepommher Wileanet; o€ stvitelting somttdls ftaygh

i npedance state), the first bridge rectifier rates tq harvest DC power.
When t he2ls® 44 sl@pma?fi b%|lw¢lﬁg@3§m§asmgvgyentﬁﬁgt-@uﬁﬁlgﬁ% “EONRIPERUEY and
the secopgy, gehg)gﬁah r@%&ﬂst,fse&h&éﬁlyf@&k the: MPSMBKE sBsoP@NGEes aQaere@Juetﬂae stated
limtations ecircurt 1n[5

I's due to the current transfornmer (for
har vest i pgw@CAmmhevuouMsekutlbheo thosidh tosise battery c8ilnteprovide ther PE€rower ahthieor mer

i's connect d |n .es .15 wth the | oa t he amount ..of urr at can
be harvesplaviieh T hif ric fadsrible; ¥ s Ataitelss Mopnrbersr iR fveg e DE
Har vest egodXs fothiBOAC dhrteRfiHaNoRs ﬁﬁé‘&ﬁ]ﬁh@@vaﬂﬂvﬁéh%’ﬁﬁvpﬂ fBefBfevideatiad in 5]

but hi gher values may not be suitable.” This may be i nadequate for powering
RF t r ansumsemeimed askeel,HoC @ahgretod c@ent0ddy bErequirnd ¢ebe es h(glwsc}ﬁHrmémor e 30

i i ngApPrddr FsBeRb e pr 615G AR FOLE R ER R Bl bt R i nce

t he rel agh by@(ﬁ@()oglpadhﬁpbely slowy (in the order of tens of a
mllisecon npared to an electronic switch |ike a triac (which swtches

| n the or de?rW@fW’de pWilchiPigsuis swignB6) haryasting capagHities inays Waﬂn@xmﬂm% freh

t
25 2 @%E}%ﬁagr%&%@él&% lgéftg%@lc}g l:t”SH P ?%Iﬁ Jlé ﬁr[l onp %}I sé\tlFi ses (ganle:/)vn
t Wo- Wi r ewsnel $weikche tireuit tvapd dideldsed hmfngesttnmcg as:ahabm: isupgly gwicchi alidhg DC

current to as, high as 40 mA, which is nore _than sufficient to power RF

t r anscei bavestingircqueconsisiig At edallpaveaecifien ahargesteseior andrprolagecui try .
The curr ot he AC
[ oad. iR RS R Bhipkd 85 R 1ilaBe of M AR MAGNE abEs RPAIed el s,
The cur r desired VENiman Twe BCspoxscradl aol cmlpmwembylcarpmdtdzd intdehofyadénl amdds can

be control |l ed SII’] sane base ar e Wi th.mnimal conponent

ds 20 onBom BER B PR b SraBre Gt PEPeE i e TR Y BRe PHTERS Sl r ent
inventi O&céfveml@myﬂp%swtyp[esloﬂltrhébnﬁm ndlO@iAUUH ENim DAVANDNANETTREMRS USe
of highly 5 efficient switch-nmode technology to achi eve the DC harvesting

process. a|remgigoeangrober. dde edharHgt issuged é@ngﬁw@tetmﬁdvm@yamataﬁm bégc toet hod
of stabi li)l%.l %g/éshr% %%/o‘?ﬁ&rngx tlgve‘?dl &us&rafgr? B%g[ﬁj? escgyv {/2 v¥1resé1 Cél?l st or

conventi ona t age regu tron I rcul

in seri esvayidistloded &ihere dliuteis alsti Gisetl-a8HE AR SUppl bwRcH bewwith ematkedignt
chargl ng path, allow ng the charge reservoir volta ]%e to deplete bef ore

sett#hg dHferes DO héW&thlgn‘{c}r%‘HF}f emsisgag Bf adall wavevbridge segtifien aBdechataenods
are Comm}:aooﬁfsg Q¥iatdd ﬁ@‘%ﬁ&g%&%ﬁ% ﬁﬁu‘ité e Hf%hmv\’ﬁ%&‘e &0@3 active

and neutral con ors are aval are no ed in
t he two- woupders wasdhtresdiendinto amptvee e¢hé velatien talnell stabilitgl (fedtoves mﬁmnotthby v

accessed i.ndirectl rough an AC d whose vol tage.. r.i abl e. None of
the previ PSSV cr%%lfg trflh@e mterﬁi@ thedPomtis RRch dissloseddacarporaied apc 15

harvest i MOGEE D AEGIcO B théA%m SRfleh, TRIPH A Sidnfhidah &gﬁgnge;ﬁgw drfidso be

famliar that swtch esting circuits are ¢ pr oduci ng
hi ghgd cuwo-avite buitchacacuilss whichohses the esisc rfeatconlurcslhnpa%@ds)upplyarslm thege

| at t] t 1ill t t he bl '
s”) of - (HOSERT PEREnl et Gimeigi o et an AR P R ORI PR { or
controlling single phase AC (Alternating Current) supply, via
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20 active conductor WA, to an AC electrical load LAS (e. g. a |lanp | oad)
where the neutral conductor Wh, , is only indirectly accessible to SB via
AC | oad LAS . The SB bl ock di agram consi sts of several key conponents as

follows: An electronically controlled AC switching device in the

pref erabl g éﬁ{dﬂ}&t E-&’i de‘%%ﬁeﬁ 8{) 3fso i ?‘6}@8& édBlﬁ?OO%egﬁc%ﬂ ' Fﬁ@@s%% r91a&he AC

| oad LAC . ere | er ¢ connecte ar al W th
power tr¢iaamitl4] wdnoﬂeeulpur joozehes disipatiay calapdred to- mawbageelcmncmts:d{ovmwt o a DC
(Direct g.qurent) harvesting circuitry Acontroll bl e el ectraonic switch SE

. whi ch BRaad¥agethauseivd Agriay iSHaSHIVORT BOISE (HRRIGHS TR THIGH 28
es1 St Ol hEmagnefe ABld! IR PROR! BERAL &lg{lﬂlﬁf&w%ﬁﬁs%%@&%%&rfséﬂ aglhor G

The el ectroni©c sw tch nor e specl harge-swtch SE ,
30 f ar m tekentidmigsK arig SAR (Spédiaimdmdfstrmdwﬁeglm)tﬂan@t [ﬂcfbnmt\m@-wrel swikhoul d be

not ed t hat f 26 . nvention voltage re ti.n uits invol ving
br eakdowht 93?. rhagyesiine ewﬁﬂﬁ@ﬁ@ Ofsgs %§§ﬁtr0%?°ﬁﬂ@cagdﬁﬂa¥ﬁa LidRGeAR BE. A
control | gty msFﬁJn@r ik d@%eam @ontﬁ,mh%%é dowe{%@\éﬁy e dicBirSli0 sGRBds0! | er
IC, or ASIC (application-specific 1 C) chi whi ch Tormthe heart of the

system f dpv@lmammgml enabde thwonmolmfﬁm 1el ot swpplyiagd G pev@aodhargdosdi t ch SE

. The controller unit. CU eIo cof. he switch it and its
behavi or HPR St eqreii i (U e 1 B eOfiaPe e ot Fa0dPsreans.
I'n apyli t{ORarvedd DE pevdic Wha gicaldhd iSO PHEH iMipbdaneé stR@S ithe fiestVishdgage
conparator input with a voltage reference (nore details provided |at er)

Control festfier enszates tocharyestDCepawdaseWaicnitlreload it ‘onf dow impedanre stide)ethsr i es

d | te DC
Par vest i T BABIORRS Y oY {EhnEhrdBbARRGRe vl s M HEBYRE e,
times, sthebleedlnditstidrsifor ﬂaatclraﬁt itp[lsq @gﬁlelts tieeduitedi Ratfcrmet (for Bavedtinge DC
Rai | ( Vdd ) with respect to ground rail (Gnd), The mai ntenance of

vdd nustDEep%‘M?rfWE‘?rbﬂle load #ﬁ)tonowswcﬁrtbwa@emotra r@ebmcqneeﬁ@éassmﬁs al so
to ajdb u 0 bet ween
Vo, 2132 R 80 0 e bmBAMEEE ORGP 1! Gl G2 BaRlsa ARG Chifhy

( Tr ansni tralmﬁém depond} orl ¢hwi A@ lbmg Hasveatedd)(é ounnemumdletrangbardumhm fAAdist o
provide the nsm t receiving interface for_a re ntroll er
uni t opep%iS@Ee B Busd Lot Satueo e haY ol 08 AELABIGADHT Fighh SAAIRIEe i eve
PLD~. ,  fMpolwaRHE REOkAREGvES IRE UREEhipEANE T 000 AN Bh¥schivBr twiith HRuGEBOST gnal
Dog and an AC supply zero

mA or larger when transmitting). Another disadvantage of a pure relay switching circuit
20 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.
2 Specification

25 2.1 Block Diagram Specification

The current invention discloses a new two-wire switch circuit with DC harvesting
capabilities providing DC current to as high as 40 mA, which is more than sufficient to
power RF transceivers like the Chipcon CC1000 as well as its own control circuitry. The

current invention utilizes a triac for controlling AC supply to the AC load. The use of a
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crossing detect signal DZ~ , is fed into two inputs of CUto provide the
necessary vol tage information for CU to performcoordinated control of T
and SE via two of CU s output control signals O and Co~. . It is noted
that coordi nat ed control of both T and S~ is required because when
DC-charg swltch Iosed 5 the char n pa r
the tria la‘f llB‘eV }coﬁe 1ggm(nﬁl éfﬁgu %Snc g%rrenﬁ lﬁ g’lsn lg(?tff&%%@ can
fl ow i nt @hédeBy ﬁhmlﬁﬁldé @8 AVRhds ¢an Hercdhtieled iy the sluﬁsbhse apchigeturd@ithhar gi ng
of C, occurs very fast (less than 1 mlllseconw%3 @It has little effect on

r

the AC smgipw cempagent agdifonp.ePerhaps thgi moreonets ffeygatiatingp factogvint die T (

h
stabl ¢ et el e or . sHi e SRk S AR WO BT © 1
respext éﬂﬁictelne sticigHirde dedflﬁiolog@@@dz)chld%ﬁthle IBC dmhiestiggl phycess. Jeshaifld dent r ol
ency t ontrol signal OT is 5

I h trol the f
egglr S. 'zgaot%v@égwa@ggmﬁg ﬁ&hﬂéﬂ@%ﬁﬂ%oth@bmmﬁstabﬁvﬁe the chemrgsssta@fluat ed
later thany, %ﬁeﬂ Pegefvﬁlrafns bﬂﬁﬂv@ﬁﬁ%ﬁ ltaEQrf.Ig'df ﬂﬁﬂ'rpﬁcul%f fisualll 8§

actuating si gna on triac s renove trirac
hi gh-i mpedanfe, resnsmr- mosedec withg Adnet diode, slmg:hemode foehddees $oéak- the cahrerswi t ch

actions PLs The third r|or|t c PL s.to handl e | ocalized
SwWi t chi néhaagfag cnamn f}%@“ﬁ%&q Ghrabs H‘FSS{Y@K' Yﬁgagastg @P ete bs@fe BEFING Jpnthe
pushtut tiop 1%@‘&?113nts§atﬁsag'ainl uphilat@AcH-Mobik 3iBods: arbbohliforly Ralployw hCh

wher eby |ts use necessarily nean the closing or opening of a phy5|ca
cont act , switdempde WACAPC| irkesi@Biers (wheree bothd act:yveoned omeu@al scondlpnntnrs paet pi n.

Th f i ke h
oS bot fuaaBisf ihey st cRaT, Shplobe i, e diriire SR bosnfus §itefe g
actuate hélﬂraﬁ&)ﬁdi@ﬂ)rleé@oﬂgﬁ&r gdcaeied -indifechV thvoti51e at R Rfad awisdat tvofigd 8h 11 ke

SS, several different switch functions can be achieved with just a single
push- but vasiables Masi §f, theppeevieuscart ligted s ddoil e ¢lained thah shejupssepiatedrent i on,

PLS"|5 cpml, tidg icth (fo% gSIV\pl chSE" I 4P Suctdd bis \’Metfg 1l§§t
%ﬂ rﬁ u% %?(P n § ;loff

pressed Wt c Ion an R erprete

command, switch #dde D@hatroésuhgghculmars eagadlobPproiicihd &ighorf &urﬁem bﬁﬂ'larSSISbS
pressed with a | ong persistent action and this is interpreted as a di mm ng
comand. cqpledl;ﬁS&h? dessipaice) thap soliags regitlged DC harvesting gireyitsr y DC Devi ces) (

PLA"X ): The Figure 1 illustrates the block diagram (.S, ) of the current invention consisting of a

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

20  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:

e An electronically controlled AC switching device in the preferable form of a power

triac 7 which is connected in series to the AC load L,..

25 e A bridge rectifier circuit BR, connected in parallel with power triac 7, whose purpose
is to provide full-wave rectification to a DC (Direct Current) harvesting circuitry.

e A controllable electronic switch S,, which enables/disables charging current flow
through the charge path resistor R, so as to charge/discharge the charge reservoir
capacitor C, . The electronic switch S, or more specifically, the DC-charge-switch S,

30 form the basis of the switch-mode DC harvesting technology. It should be noted that
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fourth priority logic PL,,"x , nmade up of the remaining processing
capabilities of CU, is used to comunicate and interact with auxiliary
devi ces. Sonme of the nore 25 popul ar auxiliary DC devices nmay include
IR/radar/terrperature detectors, novenent detectors or light level or

securlty det ect For. exa in FEi ure ess receiver

St oy qegrertional iigfe * Hiefatind, (S voRng BleBBAIR e o Rl
renot e contdofpofiénts hfd@bJont R<hdevired lhxféﬁummforms CU of the conmands
received. Subsequently, the CU actuates the traic T appropriately and 7 of

26 them iAtontmdler hoit U Rfordaeampb amQOSHPIG/Aﬁ%basednmammmélng%mr frame
back to the te.control e th i ¢ PLo~_.and the
second prl &$I?{/T??Q?&ic tl(ﬁ_%ﬁcﬁ g @r é@lﬂ ywﬁlgfla ﬁbe ?’ﬁ%‘% aﬂier%veq}f f(frhe AC
supply, i . eonkOMifl thiZACWPPIS s%@hﬂfanu&h@mzcm@dmt&nsr AR c@ﬁﬁ@l%r%ﬁ (when
a user |s usi ng the soft swltch 5SS ), a significant portlon of the

processi ng ldfaimd 1hEy:ona‘ logayof the k&ithirzir€itit amxhits behavieds tmﬁ:glmth]el leﬂbﬂtre
a multitude of auxili ever

i nteract an ontr y .devj, ces.

i ssues in rg@élglél sp Wﬁ?eniew QF hardWere apeaps. afsuﬁffc ditign, F¢§’u1§et° eape %rﬁ w

uncl ear . @E@dmhﬁ at@bast Bhé 'v@ftag%t&rrﬁé)ai’%ﬁor %%QF dfh raeﬁﬂtragé"réfe@ncé gn&rEPty and
thus is |ncap | hCe 1 S not owere up, It 1Is

le o ower i ng
i ncapabl e cﬂetaelétma‘(ldwglam) c@mﬂtrozbllogc gmﬁlmm Glo care pé elmléehi it fowrsmainoi r
tion, row nore details of the

DaPafds o areeencer e S S PR i on e char act ori sti ¢ of the QU

| C that al | OWgoiprrodesiRObbst Bt ‘hHﬂzeﬂant peLcuy: reft ﬁfs'ﬂ\iﬁﬁtrl't}‘f)']o%ﬂ_hﬁﬂ eafter,
details of priority logics PL~~, and PLAN are provi ded to co etet

picture. 2.2 Besuedslthek &5 4l titdes,Spabde bhd atffieien DEivolage i3 mduhtaiﬁedadreﬂlet he
details of the preferred embodi ment of the current invention. For ease of
expl anati on, PPBUYOPLRAHY AV Tesprst torthe Dbt gronnd el Gxd)-oihegnainteyanoe nin ~

The m ni mum o ating,vol acturer, to
pEV. P

ensure a stab PEPe tﬁa%ghﬁ’ Ibo(rEUmycHI%ﬁ% ‘%szg at9 Wdhb%f:d’reegsrqﬁgﬁisior?? fed
peripgd of tingy#Qqe S}JD@ﬁowerJ@@eﬂEé‘s' Whith QBfla ﬁB'HEgcoﬁﬁéét&gﬁetg'fg%rfy‘gnegﬁ

recomended by I1ts manufacturer, to ensure a stable, consis

predi ctabl e oppyat Fen ERdmsi, U | Righgd per hoRPf (fadfte. fri¥queney) @ TXMRXOpPt i nal
operating voltage of CU, as recommended by its manufacturer, to
(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
20 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
voltage information for CU to perform coordinated control of T'and S, via two of
CU’s output control signals O, and O,,.. It is noted that coordinated control of
both T and S, is required because when DC-charge-switch S, is closed (to enable
25 the charging of capacitor C,), the triac 7 must be opened (high impedance) so that
charging current can flow into the charge reservoir C, (rather than to Z,.). Since
the charging of C, occurs very fast (less than 1 millisecond), it has little effect on

the AC supply to L.
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ensure a stable, consistent and predictable operation for an unlimted
period of 25 tinme. Usuall V _ VC',""" + V¢",""~and V=V so that if there
is any slight y~ CU Op - 2 dd CU Op Y g variation in the DC supply source
Vdd , the operation of CUis not affected. 8 of 26 vrej ~ The internal

ref erence vol r i Vol o / QR Qf .

Usual 'y V, et Lﬁ%@/ 6§Lt5%lcsi§|gssu %@gﬁvﬁtg Iéegéﬁgr g?%é& \%)\,18{1 ﬁslﬁﬂé{}o%gc %ﬁglg as
VQU. mi n C Y~ fard1d®¥% @%ﬂoacgzv@sl ther? i@5tale ARd 3Rl ett BOWRIIag88n iRf IsRRee and
its value is independent of Vd~, . 5 The rest of the detailed explanations

are provi ded D& Raib(¥,p) Wislvirasgeas ée thedXs graund rdil [Grdic Pagt wachingedsisa sétr cui t
for AC supply to LAc In Fi gure 2, the sub-circuit consisti ng of R6, R- and
Rg and opt ocoghfatrollagis i ¢ Hewhigh centrl the fregiengy tq #hichecontphsignali @y tshe
first_and third guadrant. ep triac, T is. actuate current. is_.supplied
Lot AC el eRierREa] (o Guintd Ackor Sxaigle (st i s s AR AL £ en
CU gener at es rt.pu . i I o] caup, )t uct a
nonentary gat %ﬁgkp\(/i(ﬂ %sgge& )_(()ﬂ["'lﬂl? Ir? on> 2? Utlﬁ%)rpng"caggf hgltéeéc?%auggpsggnceéﬁ? |gal _

di fference befugeanscansREAsbMat RN & iV highDith f¥ligncahedh-sdhausmiEM@Er y gating
voltage is apgl ied, triac T conducts current. \Wien the potential difference
bet ween MT,0 ahagitiie herrdpSofi-toueb swit¢h aaionp\CPhgl)f The/third prigsitclogis BLgdls and

there is no gating pulse applied, triac 15 T stops conducting. Therefore,
for the triacto bangdgmiacpligedcovighing ang dimming fiectiong Haongh theeusgaiffa sgfel es, a

momept ary gatjng pulse is required tq be applied affe very, zero .cr0ssi ng
poi nt” of the gg&g%fﬁlﬁﬁé}l{t £ ﬁfll s‘sﬁpaﬁq’r g%lggatF@é?elﬁ%?rg,f'Agn@ﬁepSI vrgesr“g{:c rossi ng
f eedback si gnghe itsi N i il ply a
gating. put se {oeEey i e SRy Feph EBbGhEOR Sptahfs b ABhyieTRohBe P Y oy
conducti ng, i soft swidt likosgiihémntaed aogeoR0U himpst paore pof. TheteforbeS, act

non- conduct i ng (i.e. turn triac T "off') imediately. Only when there is no
gati ng vol t agBkaspsanser andetsetopde &l ifar (i fie eseasec heppushidwitiovracting augtz |

then triac T | I ‘ - t b€ Off )i te. The
zero crossi ng{rg%szag%gtcﬁotg%g@P aﬁ%“gﬁgﬁﬁ tgg‘lg%g%tegg%% l%a%v[d‘ict%ég)d(l: yar at or
i npufs of CU. Wit RN Rel of NOAOWAADBKE FTPRH Rl HiffrO i switR YuRGIdH8 cah THRUL port
pin of CUw Il suffice as well. Both 25 input options (i.e. either voltage
conpar at or i npdhieved widh joBd a dingle pughebittoni asgemiily.| Specidiohlty, Gtsotatezionisiethshet her
DZC is above or below a positive voltage reference either equal to Vref or
appr oxi mat el yCHERMAIMVEBUSH, fLs,; CPRHANY commercial |y avail abl e CU devices, 9
of 26 Vrej ~ 1-3 volts, which is close enough to qualify as_the zero
crossi ng t hr e&hofQtros jaggtogenssaniretics thegndt i SubiresserywEhashast gusk. 325
volts. 2.2.2 Volt lge did i.der. %ub-tci rcul tn/lg Fi gur 2d t he vol tage di vi der
sub-circuit consfS flﬁ’B }flsﬁljfl Fﬁresﬂasﬁb? oz aé‘ﬁu‘i‘%d 5 to produce a

vol tzge | evel »t hadntioh 1688 0f deasd WhBthef tMDOBbft sWikhesif fsepresseewniniadlong! t age

| evel is used as the DDS signal and connected to one of CU s voltage

conpar at or i nput pgsistent actien ayd tiys Dinterpréted awa dimmeiagenmihwmndusi ng a fraction
of V,,~, as the Dog signhal. is essentiall, ue.to inte | reference

ol tage, Vit heg P rrianiets 450 earsa Ul liar Plor Dspegds] CPhnond s or i t y
of devices ca e . : tio i tl.es, i.nter . =€ vold age
el used 10 FARpRIi LU, PG WS il MindiRA B HesbE ShEbfficr 200

vol tage V~~, opy, @fited @8l cdRmBRIRhtE aB€ iftbtact with alkilfaryd8Vices. Yoide OP tire MbR
optimal voltage V~~,,op is defined to be the optihal supply voltage

r ecodended byopuler muxilitaetDE edeviéesConayo inahader dRirhdartgmperaliure plstestdran of CU

for an unlimted per.i f ti There is al so some possibility that CUs
W th ADC (anarBaeBerRim e deoL iR Gty e SRR EPEERt b lie i ever
it should be poped wiltddss liectiRe FBkiflaht Medite APGIROHRS. 2FRE REQAving! RFi ve to
t he i nstantaneous Vdd voltage supplied to the CU Wthout an absolute

vol t age r ef er epromandgitomche samefe sentrellerrtbe THERXdavis| b fiaformp &L af thent  art
since Vd~, , on its.own,. i t stable. ver, If i nput s e to be
used. then |t SpumaRgerRiveE SRy, TiscC Db 5o ol & BBLBRUEL Wt age
conpari sons and i ndependent of the current V~~, level. Returning to the
voltage divider circuit in Figure 7 of 26
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20 2, it is noted that the values of RD;,,,, and RD;,,,2 is chosen such

that RD., Wref . In RDir,2 VCU Op addition, resistor values of RD;,,,, and
RD;,,,2 should be |arge such that power dissipation in the voltage divider
sub-circuit is negligi bl e. Hence, when DDS drops beI ow Y,eJ , it signals to

Signals to cUTERARORs PRI G op o b Rb ar Sylo RN St
sub-circuit F{ogthlé ?er%ot@lcﬁfﬁrdllelr Lﬁﬁé@t‘n@ﬁrgﬁb ]Qﬂfgﬁ]fogircrﬁfl %’ﬁggﬁé %sta 1oﬂt "t chi ng

DC- char ge- swi circult consisting o tromf

el ements in thgid or M iefdiRNR kélaesits ey freueads ol AICa Qle. &%/60 Hz
Supporting ngnd are ?&l stors R2 r@i]-zs jzjR4 and Rgsiﬁjpﬁ}tThere are 5
several inporwaile Hgatiuordg neddetiloa raXe- cmbmcgfs{whem ehisesubuging thel oftaawdtchhey are
now expl ai ned as foIIovvs In regard to transistors Q and @ , they are
connuin- eni t t e ), rassigiifitant pextionadfabe pmicassing dapabiliyook sap) 4 é2 MHchHi/ tcans on
thelr collector side). It should be noted that when Q conducts (i

‘on'), Q conbrited te RamgiuAiatcuintesaet ané cawrel kendibidg of awptie e d cylces

Conver sel y, f t.e Q and
Q@ are exact \IAggY%ﬁ%b%elrs‘rﬁ% {ngeg%réfnt%t}gé i‘g%s"ﬁ {‘fervg&c Hlchltsoqfli:glgﬁergell %8% Elgnl c

swi tch bhgdéaraFor |dxu§f1bfeate@d1nltfhl tn@t-p,0Cargd agseddi0iC, Fb Gmiy land Ant Rer
inportant factor in regard to the DC charge-sw tch sub-circuit is the
initial stcapablaipf mwmumé?sb(ﬁlmee@Um nbt @verdd umatﬁmtts waphblaef actwatingt

pouelf ng Ukt e ernit i Saeral eisieie vo THoapameeiSh PASERL i ng.
control @étalg)of s A aglilaggép%gllt lf'? 5{?&5%{[{}{8% s&/@pa"flgrh%m ﬁ'xt?chzhra tce ot ed

over cone initi a I mportan

in regar ﬁtet@UWtheﬁ’ atbﬁsg?faﬂdbtmta@dplo?t@ MRt B, TAReSRRCEtallsvfas | ong
as v~,~, < V-Umn ~ There 20 is currently a large nunber of comercially
avai | abl pri@ilydegits @é,¢ trat Phyxharpprovideddo pemplste the picture, before the supply
vol tage reaches the m nimum operating voltage (i.e. VCL',mn ) of CU all

of its gen S nut/put ut) pins are by default hi gh

i mpedanc g &W&ﬁﬁug ﬂp%c’ﬂQQé@@ exceeds V~U, mn ~ the CU starts
operatl ng and the default h i npedance pins can be configured b

starti up | ogFigure? dBisples Iiteéig tdls 96 thestreferad prpedimentofithe gpires dinve pnl/o

pi ns. &3 Qat start-up, since
vdd = 0 F&Cé?gg()ﬁé)gﬂ Ll ghg tﬂéﬁgﬁ ndt%thdngslli‘é]n@go%te?gs#g R¥n operation).

Ther ef or @, cur: rtetetmitﬁrmtmmptetauﬂé voitide &MU/ dast leeorfiidbndrdt by ianshahufaétased, thl ow
into RS and into the base of @. This causes @ to conduct, draw ng current
out of the basmsucf a BNBId, rcansstentoandPpredicBbleseppuaivn for aQ), urdimnited ®&Biod afonduct s
causing the charge reservoir C, to charge up. Once the charge-up voltage in
C, exceeds V in ~ CU starts operating and the control logic in CU now
takegy over theflﬁQﬂﬁ)ﬁﬁhlunP(‘;petreh ReitahPb et MY feebmarhddd byls ﬁtagurtattugno I'n
many comer'®all'y avail abl e Cé devices, it is common to find a | arge
operating vol tagee batdie, fc@hsxyVentC&hdSp@&uctalbw apcestiont foblay. unfioitedXpotioldeof

bet ween V~ Uum" = 2.4 volts and Vo~~.mx = 3.6 volts is common for a

Vou. o~, = 3 VBITtes CU devi ce. Since the charge rate of C, is proportional to

the 50/ 69/ Mz . Afre Sokﬂﬁﬁlat’ opErtifi vo litz%gn Ll ns M%@nﬁéhﬁe&% 'ifke X&tf%&g%r :\}l&}'zc’

reaches ~€49mm ficien or a

to initializecangd g&‘?afb‘tl% ecog& £Hdr @Jeg%&%txh eﬁe‘?@@h‘ for U &Html%f Prfo

charge vol tage I'n excee S in operation fiand |n

cont of - charigg..sw, -circuit her, cl os

“on' J)'Zg)or opené‘HJe( ptsléﬁly’ ('S/thOp)'}g@ "5 Cf”ﬁ‘g @Wb{/dhEVGU’p§odﬁqtﬂt{ e%tstagéjéﬁg]ﬁ pi n
oDO . A5300| ated with keeping the DC line voltage V~, ', stable and close to
Vo~, , 0~, , twvamamdfinltheddEsapplpsures &, pthefoperatidn bt}COUs antiaffdeéed. are now
descri bed as foll ows
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0 Stop-charge operation: Wen it is sensed that Dog has exceeded V,ef , CU
outputs 15 a 'low (i.e. 0 volts) on Co~ , thereby causing current to be
drawn away fromthe base of z shutting off Q . This al so renoves base
current fromtransistor Q causing Q to stop conducting. The voltage in
the charge reservoir now t.es i) i are
Sti 11 dr g oSBT R A e o Rt I DR S istor A ciBH 3.5
descri bed as | | ; en if |s.S h h 0 d vV, ef |
AR S A I W e e

rat her than shi g and r so

first. This c be ,achieved wsi. oun \.er h . ar tandard
features in n%i"csoﬁ%r%?@imal’ld;f zlag\)gllsﬁa%l éﬁs%gb!t%s?ef%?% ?Iﬁagltgdlgllut%i 1gnal
delay, V,,~ wl| i s to increase its voltage beyond V~.~,,0~, .

Not i ng t hat tngk%%gr%te&t@t'e of C, is related to the 50/60 Hz AC supply

rate,s i t ThéresP$MRE dSthl@ HPldnafivRy e bl‘?)vﬂﬁaiiﬂfheqoﬁéwﬁ?'sé‘d‘[io‘ﬁ@! ue that expires
before Vd~ exceeds VoU m- (since that would render The CU i noperable). On
expiry of the delay, CU proceeds to output a 'low (i.e. 0 volts) on ODD ,

thereby 2ipiqt TriacCaétUAting SuB-circlief6EAT Supiptp téharge operation provide
for 12 of 26 nore energy storage into the charge reservoir. Consequently,

CU can operat e-.l onger . w t hout .requi.ring frgsh arge. o Begi n;charge
operation b BeRRorntt kB byl OB Cher & o RReRf opedB U BB oui ng
t hree copdi {10 r i.sfled: : i i : ar ge
state 5 {(Lg ged.b ‘gotu ﬁ %r Sag{ndgaé%%g?ce@n%lt 2hgc():}r-lljr3’tt1§{l ?#%ir‘?%%m%gwﬂg“s%‘é%ggggd bel ow
V,ef , andudtéd, Altechieers uppupplsd te ihe tAC atectrical Sodmm;ﬁoﬂduﬁdthdtg-TTﬂ@ first
two conditions are rather straightforward while the third condition is

r equi@ edcdirivatige Athafrehl) € IV peteatds 4 Shaopalseit pig d;S @atiding optocowpledV ripcal
load L,,~is "on'), an extrenely |ow i npedance path (al nost short circuit)
i s for mecordatwveemoneniner tdgatig poltages tdVitarnani donVITA ©flork af-itlte €s & potential
Consequently, the BR circuit is unable to harvest adequate current to
provi de dibferanee haiwess cpmeectipe peiatsall ped)iML cWagngiae arsneary gakng voltage
coordinated with triac T in the _of However, a triac " off

f' state,
oper at i off appligthitriacyl spnawcts cagrent, Ythendhg poteryial diffesence detwrgnsignand HY.. As
nentionedq earlier,,. triac T is already conducting, the only way for
r1ac T Qigpnie i ket Acopt P BensOmmLgsE e RS 5 iece¥tise gulbe AP Bl and
to ajs0 wRidpsicBhdidhfe VPALABR, RAIBOtHR! 1o 26ARRR Miduing iMhe Akt 8/ RiRurgero. To

sinplify the coordination process (so that control Iogic in CUIs also
si npl i i balf cycdds] abegmentatyagatjeg pplse at fegnired fo beeapplied dfted everni¢roaresdingnl y at

where t - paat St B AbSs bl # g s BRRs pietetotsy Ao ShRly B one FOREARI  eady
(O thigniieD] NsGRAY B9 (A RARSSNERNNERELNIAL 1b BFMTagathY pitss Ron ¥Rkt | NG

for the zero 0?035|ng condition to occur. wever; since the charge

reservoi T oa-Irshokidobe ered gg When DR direadE cemliethg,tiPistiod osieble @ thdlge DC
power for the Ion%est period that triac T may be conducting and cannot be

tur néll - drer staterafel dp thaaaropondeting kq. durm tmiac &) lakiimmedinteba Dy sdiepe

control gt & i4eAfag vhessclebfihaty Mpashil YtaR bRl A R E hed®

dr opped. fgh Wa¢/7els ablélio 186 14E dheohfidint’ 035 di) sk 'Hefer§Rhoditho VOl 20
SO IS a atc (0] 6% g

is applie hat triac e to oits state. ercafter,

CU procegagddbdor siitfap W, . &an be gbnneorRd b B voIdigeddhardioriAput@T (W Iatkre is no
subsequently, Q . Charging current flows into C, via Q and R, . Wen the

13 of 26voltagkatopeparaseinpot, ran, normal mphie pors péd of (HE will cpffcdeaasgeelpr Bathss (as
desc g’bed earljer) . is.initiated. 2.3 Details of P{iorit Lo ic.? FI%B~ and
PLAC> FotPUbABMARSdhE csither ¥0kiage) commataty mpe orppimat WrHE RO Ry elli30leded as

ol 1ows: ¢/ to sense whether D, is above or below a positive voltage reference either equal to

V. or approximately equal to ¥, . In many commercially available CU devices,
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5 Cmd(x, Dim: Command issued by a human user of the current invention,
where x represents either "On' or "OFf and Dimrepresents the dimlevel,
say 0 to 7, which applies only when x = "On'. For exanple, Cnd( On', 0) is
a conmmand issued to the current i nvention by a human user intending the

el ectricgl Io [ 10
(since D?m ?ff“l)-l h ah%lt gfrés%nfo gﬁ ﬁuaﬁ%% {h&%?’& c%?ssﬂﬁ‘thf?éﬂ&l@%ég%}’%%“ cal

| oad LAC i ni num AC power so that maxi num
di nm ng Qa;ke{ tgg%‘?‘%@ﬁ%%%&% Prgh’ %@n%#g(e) y, Cd("Of , don't care) intends
el ectrical | oad LAC. to be turned off. The origin of Crd(x, Dm is

pr| maril @, zmevmtage dividerisup-ctrdelit~, f, and PLA ~ whi ch handl e human
interaction either through the soft- touch switch SS or t hrough an auxiliary
15 DC power eth Wighl Bske edltage aldviddrl subiciratie donsisting @firRg,, 2andOR , ¢ oidIrequirether e
should be no limtations to anount of conmand paraneters that can be

pr ovidedtobprotiine cusltagatievehtmnts some fration foé Vpyir Pesenfief, thasaid ivbhagdenigvel
explanation for priority logics PLo~: and PLAC. , it is assuned the

bi - t upl eisowsedranite (E@(srgnabamdq cannegted rrgorws@cC U’Brveltaga eomparager mQMImhd ePLAN i s
best expl ai ned thrqough the use of _Fi ? ch 20 |IIustrat§f

vel | - knofme.si s SramFeasenor isipgAdFastigh of Ke %&%@pprsgsnarlégeﬁ% Jogue fo

connecti gn ,poi n z of ure 2. suned t hat orre ti r to the
first halte leg?erai refgrefieieyo aa%%nas@fﬂ(th@r&s fagg; Cr?inﬂ%?éorr %‘"? gk rh

t hrough PLS~~, PLA, uent P o~ and, PL AN are requjred . to
ensure sDRRTE] g feviissivapdits o1 g TeCRipl s TR TR FORRSESES Thotttle

el ec d LAC. . he work .of . PL t akes pl ace st after every
Serolbro .%a%orqrrpaeﬁtor ﬁecn@%ﬁp%rvcr%ﬁﬁ fhecoind et Vo B

signal DZ~. in Figure 2 tioned. be ore when the AC s tentr al
across t FETEIZe 'FegQ)égreftﬂ/czezr et qpiinal Vatage Fioes SrisHngS %Beﬁ?ﬁaﬁ/‘rﬂm

(as mar ked very Z oi nt _of Fi this ortuni . PLoc

(s K L Ve Bt oS e o P A BB o,
Qoc . DGCehpr@eak 8ShNa {)erﬁyd dﬁrn%@%@ﬁ%stbléoﬁl@%?s%lﬁﬂecﬂat dbewitRaocng tine
of C is illustrated in the shaded DCH regi ons of Figure 3. The DCH regi ons

are char Goblogite aligita) coIntreiing) ihpfts camalss bSElséd)rHQer,lthhQUIfdabD@Heﬁéhatods

1 1 i, t Ch
PulT TS oo eBigRBRaEAPEY oo Sot it it oA Fshdainepiis 3, sl Syplich ™" 9°
over char g g 1Ty n | 8ot BL R BRIONEC el ok Ol PE B BN I

shoul d be noted I I'S sense roppe ow Vr (where
V, . ef i sfatehé owderit rartmmer on ¢h ids Q\}rn, PInDCstdole sHowevepeif ADGhimdnth arevte Htei ng
(although it is shown in Figure 3 that after 10 every ZC point, DC

har vest i Hggds Hheadt mratwwrﬁertethr tADfé CORPABYING Acabsohie velines COMPARSOSF AC

P e RS FERL P AR R B A e

el ectrical load LAS. . R 4
20 2, it is noted that the values of R,,, and R, , is chosen such that —>- =VLf. In
Div,2 CU.,0p

addition, resistor values of R, and R, , should be large such that power dissipation in
the voltage divider sub-circuit is negligible. Hence, when D, drops below V,,, it signals
to CU that ¥, is below V,,, ,,. Conversely, when D). rises above V,, it signals to CU

that v, is above ¥V, ,, .
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After the DCH periods, the work of PLAC takes over to actuate the AC | oad
LAC. As illustrated in Figure 3, PL,,c caters first for a D m period,
characterized by T and SE 15 both in the "off' state. The higher the Dim

| evel requested by the user, the longer the Dimperiod so that the desired

fraction t | 1 i ivered to the electrical |oad LAC .

Af ter th%%}nbge'ﬁﬁﬂfﬁ?ﬁgﬂﬁéﬁrgﬁ&“iﬁt uated to deliver the rest of half
cycle power. toLAC .. At the ne ZEerQ, cl.ossi N, triac.T stops.
conduct i nd &Hg 2319 g@@é“ﬁ%@&&@?%‘ﬁ?&t’%&mfﬁt @ﬂggﬁg ofiay es'%wﬁ(fhl i?i)t'cingcf’uets t hat
at sone {dmBtR LI kldcRohibBoRd-dtaladvitdhyitd Slemdntd e th< RIFBHIIPIRHanskior © don' t
care) was recerved. In this case, in the following half cycle (4th) and
above, afidENPNheandsual QO,DSuporties U, agd DClrgresiswis R, PRAR,dorlsRndthexcdraat e t he
AC sugply switch (i.e triac T). 2.4 Scalable Crcujt Specification 25 As
ment i oneépvert | importanth deagures eaft theninehasge-pwiteh sub-sieuinimd ther asynew

mul titud . can be controlled using the sane base architecture
with m n%r?g%lnégg%%fgﬁgﬁf' additions. Figure 4 illustrates the preferred

embodi neat [nofeghidao Gransisiats HNMRNDI ,ARey VL RothsRsh-drRitePtbisHtoraswitthed {sude of AC
| oads. Figure 4 illustrates the circuit enbodi nent for 15 of 26 t he

cont rol of theiseodblledavdisuivid on theisleoliéadortsddegl ear to persons skilled in the
art that simlar connections can be added to control nore than two AC

| oads. Ae ltishoeldrhginated thabphien €, gondycs {igg ‘am): theordyctyshargipg cutreit tor t he
control of .seyeral AC.|oads.involyves,the additian. of an r triac.device

Soa 1ot oSk eatmiar 2 o ERel e R At Qlishi! bR e P 3ReSr 5 e
circuit in V I ONS.. t i I I i i : j nd
t her eafterk,{P ‘%gdn g?ée %’g}é‘? lap éllta gﬁtg L‘%ﬁ 66?8&%Sﬁ§tréc{1ﬁstegeéﬂﬁ%légg&ogﬁl eto
act uat e nukwitdd WoACasSiBstated initREBlock Hiabfanhot Eigudehat there is no additi onal

circuitry required for the base circuit (consisting of BR, SE, R , C

CU, Ro; ~¢, AaotheRimpqriany factertinpegaril de the PG-glarganswitdh- subaercDT indhes gdtialng
process. 10 2.5 Additional . Prot iopn Circuitry Additional protectian

Ol routtry Sa R R aSRaBIr SUE e APt Shel et (e &R 2 and
Figuie 4) phed/BR €Uk &Mty aMemMhs & inchpaHE 8f powleliHg pales SiitRSEUPIscAGCt i on
circuits when included in the sinpler circuit diagramof Figure 2. In
Figure 5, powersé up, itds attdpsblonf hiteathgt controlsigealsapployreplensh the rastivoirhe

maxi mum AC current through the 15 current invention. A snubber circuit

consi st i ngcapaci@r @ndNRwW2 te asvepomed thedinitéal editrép edileuna vin empertant rpsiintabi | ity
of triac T, %? ticul(ﬂrly iH the situation L,~~ is an inductive load, e.g. a
f I uor escenthq "gh?r.lo"F I E8UAMO (ilfies, snubberless triacs are al so

commer ci al LyTaygj | 30l 6 W0/ &l s"WPhigh Splelidndetin 8 hr@fasSUbper  cithgii ts.

Al so inclu eg?%/nD‘F?gtre 57s a&gi .ditlgec?#)gnal VS (Tr nsi éht VIt age .
Suppp@ssor) i @eRniB a3 MNRBLLS tdmMaicalllytlvallabld CTL28vIRS tha@xhibitihis~s i s
to suppress unwanted voltage spi kes which may affect the operation of triac
T. To prevenproppy.pesdefire fheysupply yobiageanaciies thermainimen sipgiatiag velfage (1.e.

h i it i in.th h i . Z di Dz~
onn ol o0 be tomdt s s Mengm BRPHEY QR oRRED p Sy B ertlh B e
Z b kd { A i i " b i.0h h h
Chat | DZener dits AHE R A bbby Yojighe SUSHEIIE, T IRSED s piseagd) 0
Dzener shoul @ﬁl&d&éﬁ@ﬁfggmﬁ%@ B SOLBChd Qshffehred By ¥TP O stafQipeNgt toVd~,

ri ses above the maxi num | t age of . It "'should be ' clear to
expelis ski |l bpatateras nhena dow émpedance bikditectiomdl /&) piny.pes of protection
circuitry | so. be .gdded to.the. (nmore . conplicated) .cirguit ewnbadi ment
U1 ustr at ed i thegatgresaig PYO?:?%H%ISA*‘%MP‘EH thafas SRRl el G 58 Hadd 1t s
not ed t hat e _praotectj > 1.CH} A ' i O ' ' t

't ended. 1 B REBRE sER{GTGEUE o S5erp b “TerkrC bR ool

art that awmaldianee of ?Bﬂﬁeindﬁﬁé%&a‘%icﬂé@ﬁhtﬁ!ﬁs%utiﬁﬁb tHEbhRIIMADS Thcaub®t as
wel | be added with [if%Fe evidence of an inventive step taken. s 2.6 O her
Grcuit Red,itdabhdueg diibiing chirgntroas oPthedbasnof BNP khansistonDp Subbeyueatly, aq9s
preferred enbodi nents of the current invention, it should be noted that
equi val ent functionalities of the current invention can just as well be
realized by a plethora of different Idiaf@bGitry, or different conponents wth
different paranetric values. These variations in circuitry only exhibit
trivial variations 10 and do not clearly carry evidence of an inventive
step that is different fromall the novel features of the current
invention. The circuit enbodi nents, described herein, are presented to
denonstrate clearly the novelty of switch-node DC harvesting in the
described two-wire switch scenario and it is not intended to be
restrictive. Exanples of sone of these trivial variations are now

e o o o ~ o oy




15 DC-charge-switch variation of Figure 2 where NPN transistor Q is fitted
to the Ghd rail and CU triggers PNP transistor Qz . Both Q and Qz

transi stor switches are all operating in the common-emtter switch node be
it in Figure 2 or in Figure 6. It is clear that Figure 2 and Figure 6 are
equi val ent _and tonl]]){S.de nc?ltr%t esr\%.lpge%er ence V\Aqheaﬁe artei_culvat i r}venti ve
st ep. Fur t FEFUEP C01418 T atEe dRE e a 3(81 E)%s%ﬁ'br}f e % 'R ?ﬁfr@ 7, a
hal f 20 wa i fer | S, : A& trol & I Ge€Xperts
skilled i n&teﬁ%&grléets/%(ﬁ‘t“’ CH hatpeﬁlg%%ﬁgrtgl ngtrgafé’&gcﬁ?ﬁg&,g it%egﬁyélar@e7

shoul d havg,}Rl 98" 1! B@YRargEBARER YackpAlg Gigll & Aung fanfN &Rdemyi n
Figure 7 is another nmethod of triggering the AC 'E)ovver triac T by using one
of CU s ouapilkblpi@l devices titigtcommati toefrid y latgd byeratinpavoltae edngh fanwhich
opto-coupler (as illustrated in Figure 2). In _that case, triac T is,
triggered FH PRegates ptablyaher ewEyie l??%‘?ﬁ“a')ﬁm,mm 8. 4AnYR st Ko v FAI6 VRIS 1t i on

i nvol ve repl aci ng the DC-cha -switch_sub-circuit S~ with a single break
contact el ERERBATE 4 Bugr § IO L LAeNifhe STHER e IALER 1818 96 feris PIORBFOHRo

el ectronic,l i tch nducts) as jlluystrated .in Figure 8. Anqgther possible
vartat on. e SECH o ALCGPD, SDwE et Ort b theo st PRSIk Fodhsl: val ant
MOSFET devices. S LS rtantcto t ef ul -wWre
AC supply Ig‘écﬁv"‘t"c ﬁ*}‘é}édg[‘)ﬁéi}f |nn%;u%§\ﬁc{ltgﬁl%ﬁbga§/ B%apggel\?}% E@B’I f;’ tﬂztl%lzﬁu#??t ude
of DC powe . LRSE 1k 7, of e i e~ont.L.ons, for switch
control, i %\ﬁggéreﬁsgghg?l l? éllrarﬁ ggﬁgoitoﬁ6lbe§(gee_rtt§_t‘%hg%e \}t;%? g%%lsg‘i ggdt}s%”'l““h' a wde
appl {gat | oHeh @@ is Aheltbl (EBndind3nREESE B! 1yl 11% ﬁ@-%halﬁe-gg’qtgﬁ sIBR&S QF
trivial circuit variations can be used to™replace or "add to Its preferred
form has GaRpclseCliesash’) & chehed AleeRIES dépehdicrﬁﬁnfth@@af%htpaﬂdoﬁ@u lonG" eb,
"Control Grcuits for Thyristors", UK Patent 2008870 A, filed by Preh
Grbh Wl t epino®, 16\sNesiated Path keepingsthe DG liparyoltageol,, pbleJadnclsishiol Bs o,and
Donal d Terrace , "Two Wre Switch Control Circuit", Australian Patent

Appl i cat i ofvoanegdful 9gerstigraaraperfgreeddiytC opd they ars nqvedessyibebasafiolowpdust ri es

Pty. 10 Ltd. i 28 0. | she I 91. Yat Chon
Koh, Appaga#l??-#l{c%?g{:é‘%?@é%ﬁi @%&é ‘%%%%%%&mi?%ﬁ‘é‘ggf‘%?ﬂedégfférﬁ& &’pﬂgl 0123 A
PCT| SG97/ 00 s A11 ol Y n 1 upl I Ma
(19 98! SS[ 4] Pe% g@”si @'%"ef 90@5 (?lgl n{}’i’cd ﬁfleer%%sg% %ug 1 Fo_c E‘?? m,“%Ag‘g%f gﬁﬁ’aﬁ’% Pat g_nt
Appl i cati on Blde1sy B990ARA2 DAL, ( MEL MO LEMIOS hase dufiy BonthBnibiol nglust ri es
Pty. Ltd. on 26 Mar’1999,° publfshed 16 April 1998. [5] Kevin Chung Ping Lo,
"A Two-wire ki @f tohltdp dvadiaimgl The Rultdeehin Gendhagdel restgvdye anaow deglegsKong
Speci al Adm nistrative Region Patent |049265 (Si ngapore Patent 106097),
filed by Easgs Charmd bixiiaydDEndSicesedve 360 2rawingl DEhagplyl Adpther @OsiRIR03. 18
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stop-charge operation can be described as follows: When it is sensed that D,. has

20 exceeded V.

. » rather than shutting off @, 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. With the additional delay, 7,
will continues to increase its voltage beyond ¥, ,, . Noting that the charge rate of
C, is related to the 50/60 Hz AC supply rate, it is rather straightforward to design a
25 delay value that expires before V,, exceeds ¥, ... (since that would render the CU

inoperable). On expiry of the delay, CU proceeds to output a ‘low’ (i.e. 0 volts) on
O, , thereby shutting off O, and Q,. The second stop-charge operation provide for
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Claims 1. Atwo-wire AC switch conprising: neans for sw tching AC power
supply (to an AC | oad connected in series to the said switch circuit), an
actuating circuit for effecting the said AC supply switching neans, the
said actuating circuit conprising of a 5 software/hardware programrabl e

- d | i1 with i nput/ facilities f
senti ngi out bt Rey gkitnde Sub\tap ERbldcr B, Ehnedib e £ s oot

transl at e t hpapdovitiut eRuirdiots Méshhpigey actuation, a switch-node DC
harvesting circuitry which is also controlled by the said controller unit

via the utp| Beginrchares operafign) Choparfosms she beginghargpopeighpn s leng antee

suf ficient [ { : I ) ol l er
ni ¢ but - al sSTSRH P GRUEBRHER R () 2N, uRAMGn YRRGPUBEE RS Fon
as clai med i@.ecbathn landwhedreinot @opdusting), (2)a0,. handreppeidbélowser | asd 3 the AC
| oad, is used as the said neans for swtching AC power supply.. 3. A

two-w re AC thelAC bumpdy swischyerdac 1) ich@i-conductiipe The firdt itwo gahditionyust rdtleert he
said power triac conprises of a,connection to an opto-coupling switch

devi ce whoseSt{aghtiosyaid whﬁ? Shee iy ndigignply reqriired dheqayse- Whrnethe driaodt 8ol | er
unit. 4. A t W0\t i : J i:0 - | JY6: ,
wherein the %%déi’bt}i@p@? @%ﬂ f[h%g: 1‘2%51%1 S%A\E?‘Ctlrgi g@%’l %pg%{t?éer%‘?#?b@r#pregﬁ%d by

the said DC panghi@thst Shdrt @lrbiBt) 18 FoimedObetRedibdiReti®iiBoiks HAT YRS INGFCI I cui t
as clainmed in claim1 wherein'the circuit is connected in parallel' wWith the

sai d1(AC suppFigufer! CohGuémBNshe 3R Sircuft BWirlablt- OB VEK AdagaeS Cuiént Clor CUi t
as claimed in claim5 wherein the circuit is able to not only supply
adequat e DC povite fohdGhargesiogpbargecdll begincharge pperatien myst bareyduiaisgl y
adequate DC . . 1 ty 0, - . ilary. iges that
handl e addi t?’gﬁg{laés\?\jlﬁg&cogﬁt%{i Ps{édgd%gef’sg g\%’:r Bmﬁgrg%%ﬁc%dﬁ\a/sgnstuﬂgl\éa manual
swi tch si gnajust redfovihg the BhAtRIE-sIAE CPCAB MenesRddGirlGdr] Whiil tridd TGk alrédg i n
claimse 5 to 6, wherein the circuit conprises a full-wave or half wave
rectifying ceomutting, 8he AnBwivhy Hferntrihe Do hartwesdi‘off” ¢ tocnott appdy cheatriged i n
clains 5 to 7, wherein the circuit conprijises: a DC charge reservoir

conptd si ng agatingawitagnandsiocalsa whij forcthe yphiagetnptential mrossoMdy apd M7, to go
charge-switch for electronically swi.tching o nd switching off a charging
current, andiO%tipet? SpPlHEdbs cqqsdmﬁtéorsafoaeaﬁc@% rcepirelghgicor e iuRlse to
enabl e the saj @Qﬁp f ; [ b i s in
order to con'ﬁﬁlr.rgylll t é\égzla)i% n%%%%?\?gﬁl?ﬁ’grE)erq})]gg(g’ggir{éﬁ%.ep%l%?éﬁgr%%%g@% tch as
cl ai med i n 8pointsexf ¢henACHsapplyias cthis ovkypt thees otassiosowhendriaa T ean be agsaiedt or

swi tches, or br eak.gcontact. el ect.ronic swiich IC, or an el ectronic swtch
W th subst antd 2 ofcr PERRESS  Ha€ dd e et Trbsin harld e R BSEchi ng
capapd | i ti esimifdialyc ANASE! WaifingEeNthe Ao CrddkiiBondit®n tb WcchnHowdvepse of
controlling switch-node DC 10 harvesting by the DC- powered controller unit,
wher ei n one §acd deedblzarie sesgnalir &nanwh de Aspaed-te rieskigegefiagtibacirosidgnal i s
provided as input to the said DC powered controller unit. 11. An AC and DC
out put cont r tsiliabledMs power forr shentodgeshpgiods that trine 7puayplsseondfictingrandaiannetg

swi t ch- node har vesti t he DC- ed L er i i [ one
out put 15 si 5%31"“?&(6’%%1 ﬁlg S%étboélv\vé/reera Q@%&ﬁ rlso?lfegay uér)lftflt calnsalf%os%edtr%\%g% ?%)sﬁe or
open the DC-gharpéswirtedlly a6n°s lisik BEapliffes Sha begiachidge rcoptblplogicsfog . far om t he
DC- powered controller unit is used in the actuation of the power triac as
cl ai ¥d in 1suemaryafdenies detonained deatt Dol bns srepned bslove Born @t Hgtredt M h t he
AC supply zero-crossing point which is nade avail able by the AC )

zer o- Cr 0ssi ngerp @&f@@ékn%ﬁglﬁﬂatla& veltage i apnlied 5o thas riacT isalle faslatehrtpdisi t y

52 power 'eSgLﬁqx??stﬁ%-E{;f%?#f’ﬁﬁ R i F?Zoi%g}gfﬁﬁgﬁf L bk oo k8570
ver ed cofriFel BT, ‘hebE | B SAC ze
and-chen, " degb AP SR, Caorfrane Dt T Ba EulioR. SRR el Beret i n

10), makes an excl usive deci sion whether to | eave open the DC-charge-sw tch
(clainmed in 9) and 25 term nate, or close the said DC charge-switch so as
to enable charging current into the DC charge reservoir (clained in 8)

bef ore opening again the said DC-chargeswi tch when the DC charge reservoir
is full and then termnating. 13. Al8ed@nd priority control |ogic governing
the AC | oad actuating behavi or of the said DC powered controller unit,
wherein the logic, applied immediately after the 30 termnation of the
first priority logic (clainmed in 12), handles the delay before the



20 of 26 actuation of the ACload in order to satisfy a user dinm ng
requi renent, and thereafter decides whether to actuate or not actuate the
power triac, claimed in 2 and 3, depending on the current switch state
decided by the user. 14. A third priority control Iogic governing the

wner ein the Tage e aTeRgs s el e SRR RAFAM TG e

second pri Orftnﬁt%'tédog' c (claimed in 13) or as an interrupt process, handles
the differen ypés of user inputs made possible through the use of a
pushbutton switch which is connected to an input of the said DC-powered

control | gr3 uMdtaikPof Priority bogicSUPLON and ikl behaves nore |ike a sensor

device (rather than just a 10 conventional on/ of f swi tch) for sensing
various pushg t & he purpose
of controlli n%l“éﬁli}?{h@xfcte %g??noj‘ﬁng Ayd’HH élva(!gg t?rngé%mtn%gg?w{%a? (Séf(gg switch as

cl ai Mfed Cmdet, dim: Cotmmahd wsuedj bista hllu‘earacdldért o theoturaant aiddérttioon athepower
triac circuitry and triac actuyating, ¢ ions to the sane power ed
Control | er uni b oICPESERS sla DBha GiE T SPBE LR B IGEh 50787 A tvio
W re swtch circui {yhg$ 4 ﬁésr@gywﬁelgcaum’l to 4, wherein the circuit
further conprises a snubber cirtcuit connected in parallel to the power
triac asFatd faciampd;b Cmdf’ Qmid0)3s afcommaind iguedtostbe odrrent invgatiomly ahempeosed tri ac
oper ations circuit as clainmed in ¢la 1to 4 and

Wo.wre switc
cl ai m 160 W‘}g}ge‘hﬁ e%lquén@l rl‘&ﬁ]i ac thfllggrl;e 6%{:'5%13%11%1 with d?arxé@fulngggl PtW&@nsi ent

I t d d th llel tq th
povellt ¢ {8 g@p&?ﬁ%%ﬁ é"apﬁth%r"‘gwngﬁ Cons pLises 16 clateRahRe B poct ed
vol t age é8. LY Ecwcwhscalms inclains 1 to 4,
1ot 298 BRuKEZ 10 B sorbt Syt it K6 et W e ey RU R hp i LRt | D

i ke) pp@,f[%hemm O5hv RN hSOHY, %hd%)w%h&é}ﬁeaﬁé&]w £d forbenarll el to

the said power ed controller unit as clained in 5 any of’ the pr ecedi ng
claims, §F BRe b ICGRI(E DHSXPPEHRAAIYONEY o8y ﬁfgedaamspsandlﬁL Axsiltht chi ng
circuit substanttally illustrated in all the acconpanylﬁg dramnngs and

subst ant haHdiy helAE It &dion! thbLhesEAGRe §dtt-tdigh SRiteh 3¢ P TRBOYH MY adiiRxyNIS .

15 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

20  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 PLg, or PL, ).
Subsequently, PL,. and PL,. are required to ensure sufficient DC harvesting as well as
providing AC supply to the electrical load L.

25 The work of PL,. takes place just after every zero crossing point of the AC
supply (which can be detected by CU via signal D, in Figure 2). As mentioned before,

when the AC supply potential across the triac T goes to zero, the triac T does not conduct
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0%& () - (Ghidh18Ymoe réyulrk- 0 alcp%f&nﬁﬁber T@<uits. Also included in Figure 5 is a bi-

directional TVS (Transient Voltage Suppressor) diode D,,, connected in parallel to 7.

20  Theuse of D, 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

ener

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

eher

should be chosen high enough such that D,, , does not break down when CU is

ener

25  operating normally. Diode D,

ener

should only breakdown, thus protecting CU, only in the
event V,, rises above the maximum operating voltage of CU.

It should be clear to experts skilled in the current art that similar types of protection

circuitry can also be added to the (more complicated) circuit embodiment illustrated in
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While Figures 2, 4 and 5 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

10 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 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

15 DC-charge-switch variation of Figure 2 where NPN transistor @, is fitted to the Gnd rail
and CU triggers PNP transistor Q,. Both (), 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-

20  wave rectifier is used. In that case, it should be clear to experts skilled in the present art

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

Figure 2. Also shown in Figure 7 is another method of triggering the AC power triac 7 by

using one of CU’s output pins to actuate 7 directly rather than through an opto-coupler

(as illustrated in Figure 2). In that case, triac T is triggered in its first and second quadrant.

25  Another trivial variation involve replacing the DC-charge-switch sub-circuit S, with a

single break contact electronic IC switch (i.e. when there is no power, the said electronic

IC switch conducts) as illustrated in Figure 8. Another possible variation is to replace
transistors Q, and Q, (of Figure 2) with equivalent MOSFET devices.

In summary, it is important to note that a useful two-wire AC supply switch,

30 providing switch-mode DC power supply to a multitude of DC powered IC chips, thereby
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circuitry which is also controlled by the said controller unit via the utilization of a
small portion of overall AC supply, so that sufficient DC power is harvested to not

10 only power the said controller unit but also a multitude of DC auxiliary devices.

2. A two-wire AC switch as claimed in claim 1, wherein a power triac, connected in

series to the AC load, is used as the said means for switching AC power supply..

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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emltter transistor sw1tches or a break contact electronic switch IC, or an electronic
switch with substantial reliance on at least one FET device to achieve switching

capabilities.

A connection means, as claimed in 8, for the purpose of controlling switch-mode DC
harvesting by the DC-powered controller unit, wherein one DC feedback signal and
one AC zero-crossing feedback signal is provided as input to the said DC-powered

controller unit.

An AC and DC output control means, as claimed in 8, for the purpose of controlling
switch-mode DC harvesting by the DC-powered controller unit, wherein one output
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.

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
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.

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

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

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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