*

A.DC Vol tage Supply Circuit The present invention relates to a DOiwupaims
circuit, particularly but not exclusively for use in mains powered

equi pnent whi ch detects the magnitude of the nmmins voltage applied and
accordingly adjusts the operation of associated rectifier circuitry. There
exi sts, throughout the world, a wide varielly of mains AC voltages. Broadly,
there are two groups: those of the | ow voltage range (88-132Vrns) and those
of the high voltage range (176-2A40Cn¥pltage Supplidsireuibl e to desi gn

el ectrically powered- equi pnment which can be used throughout the world,
thereby to sinplify design and production and to allow equi pnent to be
‘portabl e between countries other than where originally purchased. This
requi res that the equi pnent nust be adaptable for use on _both voltage
ranges. The si npl esThev@yesent imvensienrglates o ad3CHuppln eirauts pariqudarly gahuat ly

ted doubl er/brid i.tch.with t. T i ||
Che o tcht cCHSaDY fE 0B i SRS s BB et AEreBRTRE amitags o s e
equi prent . Fi ﬁ'dfrﬁsvol'eﬁgélﬁﬁfﬁgd lahl Wetdrdinlv adisidahe bperaicH 6lasdotibied rektifiege

switch. Four diodes Dferr] -Dlerr] are connected together as bridge
rectifier. ACIMUIIRput voltage V[err] is applied between nodes 2, 4, where

node 4 15 connect e P SR dHouERRE erfi 8 Yl RIEATE piink A" Vonagll”

capaci tors C Bfdddly, hefe hre Rikesuil thask sfatiellowaldlge eraﬁ%e: 0882232 ¥£iné)Nand
seri es between nodes 6 bei ng the DC output nodes of the bridge

8.
Cectifior. A whoselof thehighyaliage nss: d670AYamS). dt igiesiabledosiesiam decticelly
CJ

the node bot veRRe e Flipmhel wRARE! 665861 1RBMCAAN e ptia, tFerk o RloRG,
shown in fi gufiesigniandippe@scldresind 1dlhliow] edudpiienr & be Piiriablebetweeddeountries

rectifier wwth capacitors Clerr],, Clerr] to snmooth the DC out put
gener at ed. Thewer shamahsre egélnailetnuwl@ép ohhisgeauirey et the eguinresntmpss be

cl osed. as Shﬁ’ﬂ;)tgﬁ(leffog‘ﬁﬁgoh%otﬂiv%ﬁﬁée Pﬁ%e@.] Derr] and capacitors C [err]
S )

Clerr] operate a conbine tage®doubter and rectifier circuit of the
known type. Diodes THe dimplese waypef fachivving rhit thas beste to Tasssciare shmanoilhage

doubling rectificatjan de. .One npj.or .dJrawback, of the_manual |y operated
doubl er/ bri dg%P%r\m‘JcHO}l l_erfbr it fbf‘g&l e GORIPTRAREC BN EPALT: W, S6f the
choosing the won0: PR ddrfitt Positidh bodbieCabplying the mains voliage to the equipment.

Figures 1A and 1B illustrate a manually operated doubler/bridge switch.

(Dt

Four diodes D;-D, are connected together as bridge rectifier. An AC input voltage
Vi is applied between nodes 2, 4, where'node 2 is connected to the anode of D,
and the cathode of D., and node 4 is connected to the anode of D; and the cathode
of D,. Two capacitors C,, C,. preferably of equal value, are connected in series
between nodes 6, 8. being the DC output nodes of the bridge rectifier. A load L is
connected between nodes 6, 8 and is supplied with the DC output. A switch T is
connected between node 4 and node 10, being the node between the two capacitors.
When the manual switch T is open, as shown in figure 1A, diodes D,-D, form a
conventional b.ridge rectifier with capacitors C,, C, 10 smooth the DC output
generated. This is the bridge rectification mode. When the switch T is closed. as
shown by figure 1B, diodes D,, D, and capacitors C,, C; operate as a combined
voltage doubler and rectifier circuit of the kmown wvpe. Diodes D;, D, are
superfluous in this mode. This is the voltage doubling rectification mode.

~ One major drawback of the manually operated doublgr/bridge switch is



woul d cause damage to the equi pnment, otherwi se the equi pment will have to
ke predesigned to prevent such damage, incurring extra cost. An automatic.
doubl er/bridge switch circuit is also known, which automatically doubl es
and rectifies a | ow range AC i nput voltage and which nerelv rectifies a _
hi gh range AC i nput voltage. Sensing of the voltage |evel of the mains may
be done by detecting peak voltage values of the AC waveform and using

vol t age conpattadtdosgening by chedksibrgpdsionmag choosieg dic arddg pesitiof iof dhé swirch
voltage. Such cirgcuits are available jn either intetﬂr ated ci rcu.iuthor

di screte conpHioBtfl CREEIamags 10 G AAWPMATL(OBETHSF (e saBipmeR: Wil have to be
doubl er/ bri dg ] i Soditl ' 2,984, of -
SGS- Thonson Ee:d(l)gg e?:stirtg | CS égheﬁqaﬁa% g‘r&gﬁﬁ \Elglrirﬁ%ﬁ’t hereof is used in
pl ace of the manual Aswi aushmaticAdpubker/bridge tswitehndigeuiti s ealsteknowneoviich
after the application.of. a negative.tactjve |ow,Rulse to its:gate
ferminal . unt RO GogbltS3R0oE&ine s s rantd A Clmif vkl Fnd ilctmerety

m ni mum val ue re Bified RPhith¥ange 98¢ ¢n |ﬁﬁta§@.09ex%ﬁﬂ§bf EneevoltdpRi 186el 26T e mains
crossing point, the tritac approximates t0 a short circuit.” The introduction

of such a shomaycbe cleine by detettingt prakcveltagsovalnes ofrthe Chwaveferm and using

rectification de shown in fi re 1A tq the volta bl i ectifigation
mode shown | n VIR EotgArasTs. o1 Y Reriing, e PagBindE8Ea T Faerlitd it vofidee. "
under goes sucgqes kit BuitoRer availdbleWeditHRY (ih'fegil'zﬁEé cirt @it Be @Nci"élé )éoﬁilzj’dﬁeﬁf‘ﬂ)rhﬁs S

positive than a baseline voltage, such baséline voltage being the tine

average 6f the alt eSnell andntegratad sircwis automatit doubler/baidge switehlis dessribedidn

basel i ne volt i t atoh d (z t level ., T tQpat | c, vaol t age
sensi t1ve sui i BAPRLN ao8Rsthe t RORr LRRSdn, M Gosieipall SAD 4 it gt
several -vol t agguival¥pethérebs is tdeadsia Flace b b fandel eitckPFak vol tage val ues -
to indicate a mains input AC voltage of the higher range, and to detect

basel i ne crossi ng pd\#ias ace tgicpaductineithenfiseetion afterrtbe applieatiopafa prgative .

vol t age. 1 of or CRESeL BN BESP" B B Enbuiertitdl Spblioe dsitdet 40087 lts oo, main
gener ati ng mamerniihbis fal@belopuh seiniraem Vdhé.- By applyliils #\gateepulse séon gfeérery
efficient triggering in the presence, of noise or disturbance on the AC

lines. Filter MANEIEILGFOsSingBPiRe theEiasAPRTOamatasio @ shonsingyits Ehgintroduction

di sturbance fr t age. . £ | > .

't egr at ed ci POSLE st ¥ BHGH-E e Bithe ARG R ilde Teedtion modg
shown in figure 1A to the voltage doubling rectification mode shown in figure 1B.

An alternating voltage is a voltage which undergoes successive upper and

- lower excursions, respectively more and less positive than a baseline voltage, such

baseline voltage being the time average of the alternating voltage. For a mains
alternating voltage, the baseline voltage is at the ground (zero volts) level.

The automatic voltage sensitive switch circuit described in the patent is'a
circuit containing several voltage comparators':- these are used to detect peak
voltége values to indicate a mains input AC voltage of the higher range, and to
detect baseline crossing points to give timing information for triac gate puises.
Voltage reference sources are also built into the circuit 10 set the voltage reference
points of the comparators. Means may be provided for generatihg’ many triac gate
pulses per haif-cycle of AC mains. to ensure efficient triggering in the presence of

) noise or disurbance on the AC lines. Filtering circuirs may be included to remove
such noise or disturbance from the voltage used for peak voltage derection.

Such integrated circuits are smail and reliable. The cost of an auromaric



-.voltage sensitive switch circuit is reduced by reducing the nunber of
conponents required, external to the integrated circuit. Known automatic
vol tage sensitive switches enploy a "single cycle" sensing nechanism i.e.
peak voltage |level sensing is carried out on either only the upper or only
the | ower excursion of the mains voltage, 3linear extrapol ation techniques

being used to derive data for the other excursion, Tgi s limtation isé‘g e
to the fact voltagefsemsigive syitch£rcnitie reqused; By regucimg: the FUmRFTRIEOHRIES

| evel sensin o] Is ..scal ed representation of AC

I nput volta §r£?r§fil %ér&ﬁttﬁﬁhééﬁgg%%dﬁ}%&tt'ed by the two DC supply voltage
| evel s of the contKabwaiautomatiovoltige sensitive switches araploy acsisigle Qsles aering
These are typically OV and 9V.. The AC i nhput .voltage i s scal ed do f

i nput to t hemeshanism, beyReak ‘,’OIEﬁSFelS%e i SCOMEE SRRy Ui Wﬁi{l?{eoﬂﬁ}ltﬂg upper
basel i ne, on Cerf QetiaLe] BiarExtfapblaivd Re¢hiigues
vol tage w | lb#’gﬁ.ﬁ/ %%t?w&?teﬁgﬁgﬁn%gkggﬁgg for gp’eak Jol tggg | evel gﬁﬁsi ng.
Referring tobéinguised 2o denivendmaifortite athes exdursionaut omati ¢ vol tage sensitive

itch i h . Ad |l er/ brid ' | 0.ifcl ud iac T ' |
ol erent - nodes 2, ThEniarRds G £ tie e s e hafhiis FRssnd ShERbeT
AC mains,  angd,§ g&&t VBIhZPINE] LeiRitle Ry bﬁgfeoé/ﬁﬁﬁeh dh @4l Scdl®d répresertation

Rlerr] and a capacitor are respectively connected in series between the
live line L ehAQ iepmesitages fallimg Withiiwa rangé dimited by dhe two R supphiveltage

ted i [ bet the. li li L dth de. 22 be
capact tor C lavals oo Cora) it ohdhe aRtom tola, SRR T TSt X and
node 22 is t i%éﬁvt(f’\g%n?@\ﬁ(f’ﬂ&bsﬁd Biput 9B8R&Ed Rlschled Howvmftrdfipit © thel dontiol

sensitive sw'tch control circuit 24°receives a first input voltage Vierr]
from t he nodeir@it,antt a5 is d5 cemtréd pnt0W,otheageinybaseling, only avetof he upper Andnd

Fesi st or s LB, HUEIPTS ObAHE SUREH A vaitegt i el oy R ane lthtey Fhes dor o
resi stor R[GPE%%(R’BII%I%g%% ' the triac T. Diode Derr] resistor Rerr]

and capacito for e rectifier and smpothing circuit and
provi de a DC suppl Refeiringyo fignure 2, arhrembodiotent of such|angusomeaHs voltage seppitiye

control circuit 24. Merr] Js,faken.as .a ground,volt for . Cl bie It
is at a vol téb’gcglés ?@@'Agﬁuphéhféqgtea i quf{gdlh(geata?%faclfr%‘évgtaﬁm%l%‘?ahh’
exanpl e, 9V Iggss 854 fir¥ @EnA¥crad 16 GHE diverL whd etrah®l ined opthec A trialys, aitie
AC i nput vol tage err] is applied to the potential diyider conprjsi Egare

resistors R[ eecdiverfher AC inpht velsagso¥it-eA diode D;, a resistor R, and a capacitor
respectively connected in series between the live line L and the neutral line N. Two

resistors R, R, are connected in séries‘ between the live line L and the node 22
between the capacitor C and the resistor R,. The voltage between the neutral line
N and node 22 is the voltage V. across the capacitor C. The automatic voltage
sensitive switch control circuit 24 receives a first input voltage V from the node
22 and a second input voltage V, from the neutral line N and a third, ‘composite’,
input voltage, V,,; from the node 26 between resistors R;, R,, and supplies an
output voltage VT through a resistor R, to the gate G of the triac T.

Diode D, resisior R, and capacitor C form a half-wave rectifier and
smoothing circuit and provide a DC supply voltage V. to the automatic voltage
sensitive switch control circuit 24. V,, is taken as a ground voitage for the circuit.
It is a1 a voltage V. less than the voltage of the neurral line N. (For example, 9V
less as fived by a regulator within the control circuir). T’he AC input voliage Vi

is epplied t0 the potential divider comprising resistors R;. R, The composite



4 voltage VM received by the control circuit 24 is . a scal ed down AC i nput
vol tage, displaced by a small DC offset, given by: [err] Hence, both the
scal ed AC i nput voltage and the DC bias depend on the values of R err] and
Rlerr]. Their values are chosen such that, for DC supplies of OV and 9V to
the control circuit, the peak voltage of ¥err] will be less than 9V in the
presence of the highest possible instantaneous |ine voltage. For exanple,

if Rlerr] = volfamerVyaredeiRke by|the cbakiod cirkuit Réeis rd scalfdedovn -A®/inpuf yoltage,
0-0177, and the, pe vol t age .f a 264Vrnms AC input would be 264 x [err] x
0-0177 = 660‘3’:5P}Fﬁﬁgilt(’ﬁ;i1§m%@&gd’2{5%§‘f?§ ®6ntrol circuit Verr] would be an
AC vol tage of 6 60Vb‘§e§k’ vl,mvt centred on OV-but offset by 00177 x Vc=
016V. In this way, ly the?posftive peak voltages of V[err] will fall

Wi thin t:he awhemeeW, anddé, denote the insuintanpons voltages attnodes 2rgndd,aespectively.
V[err]-06V by inpu prg_tec{,i or‘/deyce in the control circuit 24. The DC

of fset of 0 16V neabk¥ That asel Tnésof the conposite voltage V[err] is
- at Of[err]16V, and baseki neycrog LIQV pq’yr)ts' may be detected. including
hysteresis, by detecting whdn VM crésse® 0-05V and 0 25V[err] for exanple.
Figures 3 and 4 show eganpVe-iVipuiVeand out put signals for the known
autonatic voltage §}w| t;lg s_carrv'yng ‘9ut conpari son operations on the ilﬂﬁm
vol t age described. "Mscal®d AC i nput "soltage V[err] is clipped by the i*hput
protection dayices to remain within the range R to obtain a neasurable
conposite voltage Verr] A pulse PDis produced when V[err] exceeds a
certain.threshol d Vg t #ge Wer M) PBhses CS represent the tinmes during
which [err][err] OV: The inverse s signal is produced within the
control circuit 24. A short pul se’lls ¥duced at each rising edge of CS and
its inverse, Ushigtéqinadfled to formthe signal ZC, which indicates the
basel i ne crossing points of \(}err] and hence the mains zero crossing

poi nts. Peak det ecVion=pul Beg&ViRD+aVe) produced at the peak of every upper
excursion for a high rangégAC Tvol tage, using a conparator whose
switching threshold is set™®o ect a voltage Verr] in excess of the peak
vol tage of the hi gllehces batiethe’ealed] AaUiapat voligel ietherB0Usias HeperRk oA RhE
Vlerr] may correspond to an_instantaneous AC i nput voltage of 220V, the
peak val ue ovalges sy @nd]RA@"heﬁmaduaﬁoar@a@@.semmc% that, demPCsuppliea 98 O¥uard be

careful Iy ch§§e b e Cégug?icﬂ'iui\f,otﬁeaggik Yoftage of Vy will be less than 9V in the
presence of the highest possible instantaneous line voltage. For example, if

- R;=1Ma and R,=18kq, R,/(R,+R,)=0-0177, and the peak voltage for a 264 Vrms

AC input would be 264 x /Z x 00177 = 660V. The input voltage to the control

circuit Vy; would be ar_i AC voltage of 660V peak, almost centred on 0V,-but

offset by 00177 x V. = 0-16V. In this way, only the positive peak voltages of Vy
will fall within the allowed range of input voltages, fixed at V,+06V to V06V
by input protection devices in the control circuit 24. The DC offset of 0-16V means
‘that the baseline of the composite voltage Vy is at 0-16V, and baseline crossing
pbin_ts may be detected. including hysteresis, by detecting when V), crosses 0-05V
and 025V, for example. '

Figures 3 and 4 show example input and output signals for the known
automatic voltage' switches carrying out comparison operations on the input voltage
described. A scaled AC input voltage Vy; is clipped by the input protection devices
10 remain within the range R, 10 obtain a measurable composite voltage Vy. A

pulse PD is produced when V,, exceeds a certain threshold voltage Vg, Pulses CS



subject to variation fromtime to tinme, resulting in the fact that the
geparation between a | ow range AC'input voltage and a hi gh range input
voltage nay be as snmall as 30V[err] (140V[err] to 170V[err]). Such. peak
defection pul ses PD, disable the generation of triac pulses V[err]T. As
shown in figure 4, no peak detection pulsé& PD are produced for |ow voltage
AC input as the conposite voltage V[err] never passes the V[err] t hr eshol d.
As descri bedrepresant the gimpmduting whiicts ¥,cv@Y cBhe gnvdrse ofi chig signal hepradisedne

produced, - andiBOLEE BREACCERE! Sk ripBa e Bobiodhi ah BBk BSRPiSS anc
i ts inverse. adffs SWEreY, whi@SSredidel 16 %R the SighdlZ.ORVRiTh 38ditates BShaNdline
i ndication signal ZC. Internal |ogic then useS pulses PD to extrapolate

cor r espondi ngrogsing podmts tof Vgt angt henceuthei AINS GO CTOSHIBENAIRS. tri ac gate .
firing pulses VerglT cettain,del alter each nmi zero Grossin
point. Voltage | ev&?‘%e&éﬁﬁ% H“%SCF!#t éﬁe ftp5° ‘h@r&eg&}ﬁg!ﬁ-ﬁ%ﬁ?y"vﬁ@! "&ipc?re
due to inputeph@éieaitfora Kg rsefe ATt hbRide, WsThgCo tD@PhFdor Mhbsd Swidtiins |
to the allowed range Rin figures 3 and 4, being 06V either side of the

suppl y vol t athseshotdiis ses|tordeteat asvaltage pogdnisxcessyofghe peak veliagryohteshighestnt s
- on the other_excurskQn..per cyecle of the efarm LNt hi s ex e _+the
negative excﬁ?az?‘grésé &O}t@gff ﬁ? tﬁ&ielpw%trgngel\f:?o 0 le’civt'rl'& Lﬁ%?y E‘iﬁ(géﬂolnpl Q’saﬁ
change in t hfhstiiRanédils X0 inpaevoRaEEof 220V thle valle BRiIaNBSEViehe ACH giput e
changing from bri dg&er ectiner node to vol age doubling recrcation node. so

as to avoi d voltagsedderthreshpldyoltageqpuss heneprefubly phosem gs A€ maips voliegesage

fter a bri . - A ; s '
W thin the cORBRaTd o B it 38 me EIRRE bl 1o shde HAE s¥don .
and vol tage befwieh a I6w Tange AT inpig volteg® Bnd obigh \rahp@ Gigsut wWoliaBe Im#gy B abi n
the range R The limtation which is inposed on this circuit, In that it

¢an perf or m smelasi 30y rasd(:4oMragaol WOVrmsynsi ng on only one half of the AC

mai ns i nput signal | a

anpl i tude sensing g{ﬁagﬁéélﬁ%#?%&?ﬁggﬁg@é&gmﬁﬂ? ?elﬁ ?rﬁgpég?gﬁ{?%ﬁg% VeT.
possibility of doulsishgwa inhBerecd eloepek deétgbriom puikgs PDRans pyddiriedfey low
appear during an unsensed excursion of the AC input. Turn-off to

non- doubl i ngVRXRES MU INPHLAS HR& GPMAASITY Valtagenty MeBas BAsSAL the ¥er thigshaldeps
sensing has Beelived above, a comparator whose switching threshold is the baseline voltage
level produces the comparison signal CS. Its inverse is also produéed, and short
pulses are'generated at each rising edge of both CS and its inverse. The sum of

these short pulses is the mains zero crossing indication signal ZC.

Internal logic then uses pulses PD to extrapolate corresponding data for the
other excursion, and to generate triac gate firing pulses VT, a certain delay after
each mains zero crossing point.

Voltage level detection is limited to one excursion only per cycle due to
input protection devices, which limit the composite voltage V, to the allowed range
R in figures 3 and 4, being 06V either side of the supply voltages. This eliminates
any possibility of performing measurements on the other excursion per cycle of the
waveform. in this example. the negative excursion. ) '

~ Circuirry built ino the contral circuit 24 verifies a change in the apparent
voltage range for at least two mains cycles before changing from bridge recrifier

mode to voliags doubling rectfication mode, so as to avoid the possibility of



performed on a sensed excursion of the input AC cycle. This could lead to
danmage to the bul k snoot hing capacitors Clerr], Cferr] and the load L, due
to one whole mains cycle of voltage far exceeding the device ratings, e.g.
480V DC, being applied, as the DC output voltage will becone double the AC
I nput vol tage for one whole cycle. Furthergore, the filtering described is
not effective on half the wave, |eaving the control circuit vulnerable to
damage causedddubligchhigharasge G inputt voitage saftes eobpef diopninoACt inpuneoltageaut
wave. To date, these defici.encies. have been tolerated.. Automati ol t

swi t ches using the %é?@@f’?’%ﬁﬁfﬁr 1%1“’!5@‘ gt ‘Pége GEPEPOHT ST ‘PH&EE\% ﬁ?p"(ﬁ&%
vol tage are %tsgi&ﬁég,/waagst @?im el GoltpedRirsés. MRfls iohl dvaiversn Mpwt rdo_ltaﬁes
4,665, 323, but These have the disadvantage of requiring additional hig

vol t age di odewhichdisowithingtheagsmget®or s and power resistors, which cannot be
i ncluded in an int ated. circui.t.. and therefore.l| eadi. t .C | ex. and
expensi ve sol uti onéﬁiﬁj Mﬁt}@ \‘/V&“El_laéseugﬂfsteghpﬁgt%}ﬁ Feu ’gnatl%é‘g l%gggtpﬁﬁ?m
di screte for ngiravies eRd volt8gs lévellistnsind bl difly dnk HalPEE tHeO AP fridlidy inKm signane
i nput referenced t0 a zener diode. to detect rectified or scaled AC

vol t ages abovegsulte it severalupspwbaeks. | oner threshol d. as defined by the zener

obi e of the curr dre R VolRet aificRl Seing, B Sy RRAE ob UGE g EtbLh Guif®
circuit for rgetd fyihepRSibaly W ERbIAY WOVKGE ycleSifigh vohAge AR wHich chey e

conponents, whilst inproving sensing accuracy and reducing the circuit cost
and conpl exi t3pperndluringean upsensed axgessionopf thpe AG inputsTus-af Quronrgonbling

P usti ng-t ne BRE GHE g0F gecit SR, fle ndf: HsdfHe BrasllEoaier SEAiRY s Ween
total conposiperforhédar awkhdtidiedchssibn of it phi A€icyele. e EXld lgxal 16 damage

vol tages, for the whole cycle of mains_AC, and allow voltage |evel .
det ecti on andtof thet ylk sgnasithingcapacisdisrGn Coctnd the lgad|le dugcioconovdwleimaing o
one aspect of  the t e b eNT 4 . . age_ Su QL Sy
provi ded for cryté:tckt ?f?/@?\ afr"lﬁ. %}4 Fé(;grdrlllgg F%%d%f:%/g%% hai’s 8?)% }IS tn:gséa'ihgépg)&lf ;d)’u?s
vol tage at a gwbBCaohipak lveltage séiliriecomieudoutio ahe AA€onpageoisagepior ene adole

i ncl udes: '
cycle.

-

Furthermore, the filtering described is not effective on half the wave,
leaving the control circuit vulnerable to damage caused by such transients on the
unsensed portion of the AC input wave. To date, these deficiencies have been
tolerated. | |

Automatic voltage switches using the detection of a DC rectified version
of the AC input voltage are also known, for example as described in US patent N°
4,665,323, but these have the disadvantage of requiring additional high voltage
diodes, smoothing capacitors and power resistors, which cannot be included in an
integrated circuit, and therefore lleading to a complex and expensive solution.

Automatic voltage switching circuits also exist in discrete form, whereby the
circuit conrains a volrage comparator, with one input referenced to a zener diode,
to derect rectified or scaled AC voltages above a certain upper or lower threshold.

~ as defined by the zener diode. and circuitry to provide triac gate firing pulses when

required.

The object of the current invention is to provide a DC volitage suppiv



rectification circuitry for rectifying the alternating voltage; a voltage
detection circuit for detecting, withi-n upper and lower limts, peak val ues
of said excursions for controlling said rectification circuitry; and a
vol'tage shift circuit. The voltage shift circuit is arranged to receive the
alternating voltage as an input, and conne@ted to supply a conposite
voltage to the voltage detection circuit. It scales the input alternating
vol t age and dmchifts fot srelotifg nan balteanpting evadtaged Bhdiamspinimuse def diseretet he
excursions fall within the upper.and lower limts so fhat the .vol.ta .
det ection ci F@H}Roqegﬁoﬁ"é}lgbF@B{%Vl%f%lﬁngpé‘éﬁ?f%}m ﬂgr U euffﬁré}’% 8&53 her
excursions. |dont gxi'tyjput alternating voltage has a baseline other than at

Ov, the baseline voltage will also be scaled and included in the scaled
al ternating i nput vbhe ageentipie prayigiess veltageolavalsensing rhuringnbeth ppéitipe adas

i rourt may UREBNES BRSIsieR ot os oA R RS O Bfinre iy RonSuuk R SER

the al t er nat igfghy QonfsiRite WoRagslt ipUsrdef té being ehé a6 doinpekit® RoRagewithin the

i ndi cates the range containing the applied alternating voltage. The
rectificati orimits elefined byaheaDRusunply soltagese foredgavhels ¢ysle afimpdns &C, and

distinct ran ' - LLer ' v,9l t :
operation of g‘ﬁ?i)gp &%I@efuﬁggﬁl?}%gﬁw%hﬁgﬁ%ﬁngq%fe@ cv?%'gf%{§§¥%{]§§ %gﬁi g‘t-ed?'ange
i ndi cated. Basel i neAGdoR@igN® BE G8pe@rofCitiecCpidsdnt Hv¥nficn, 2 DARSitdge FPpRC!
the tinmes at which the input alternati n? vol tage crosses its baseline;, and
the rectifi coifcyit isiprevided for resgiéang aggltegpating ypltage andsspplying s Pecautpigt

t he node of [ L. ae t | [ ' ' . .
generate con%g{agéiagn%alsgﬁﬁ%@g é%[stt %ﬁ.‘&?ﬁé'%eé g’ld!:%%%/ g {éﬁp@r‘g{% tlsfﬁ];éﬂle& e5:
pul ses when trgetifivdtion cirsuitryt foragectifying rthetdlfernaing nohﬁgre;uatvbhagayddwctﬂm
doubler/bridge rectifier, with tw nodes of operation, The required
presel ect ed IMItEOT dgjeqsiaggwithineuppeTAndIower dimijs, pspk yghies 1of spideexgyrsionfe
detection cirgui ' . 0 1 eEnat | [ .

provi ded by afgfééf“s’mvdege %aw?%%‘g@a?‘ﬂ&gé‘%ﬁ%eW%t%ﬁe éﬁ%{; gig&gg?zheééﬁoltt%

al ternating ishifiycirenit iscgearged torecaive tHealtephdtgevolaige as aainmitl snd torerddy
vol tages. The DC b'&as is then sel ected controlling the current

b .
through one df TURBNCR SREIRASItEIVOIRES r‘%éh%%‘/’PUég%FiﬁeﬁﬁPl? cierity By §calgs 186tiBRYs on
nr ou f \ ! . | 5 1k
circuit pre exvxgﬁ%é{mggpé@eﬁ afid Bhff{s%hé baseBhe ‘bgn%ﬁ%ée{%gmgab@ BlaS; inf 6ffer \thad .a

plurality of tag nces each corresp
the excursions fall within the upper and lower limits so that the voltage detection

circuit is operable to detect peak values of both upper and lower excursions. If the
input alternating voltage has a baseline other than at 0V, the baseline voltage will
also be scaled and included in the scaled alternating input voltage. The composite
voltage is the sum of the DC bias voltage and the scaled alternating input voltage.
Such a DC voltage supply circuit may be operable within at least two
distinct ranges of values of the alternating voltage. The output of the voltage
' detection circuit indicates the range containing the applied alternating voltage. The
rectification circuitry has a number of modes et;ual to the number of distinct ranges
of values of the alternating voltage. and the mode of operation of the rectification
circuitry is selected according to the range indicated.
Baseline crossing detection circuimry ‘may be included to detect the times

at which the input alternating voltage crosses its baseline; and the rectification

ey

circuit inciudes a switch. 2.g. & :riac, for

(7

electing the mode of operation. The

baseline detaction circuitry is then used 10 generate control signals to the switch.



threshold to be detected. In one enbodi nrent of the invention, the reference
vol tages are each defined as a voltage which tracks the baseline of the
conposite voltage, being a variable voltage, the reference voltage
remaining at a fixed voltage therefromindependently of the variations in
V[err]. Accordingly, another aspect of theg invention provides a voltage
generation circuit including a reference voltage generator generating a
reference voithage cohireh sighakoasd pllsey wher ¢h® aitchoisaa afiaun Theotdctifieation
voltage nultiplication circuit for nmultiplying the reference vo]tage by a

certain nul t Fisswtyongy beiajeoubler/bridgg reetifiergWithabtwp medss 0§ APty t f or

of fsetting the fix : ng? ' i

include "a first opgﬂgggéﬁgﬁg%p\#%?%gﬁgéﬁﬁnec gg&;ﬁgﬁé{g@g@@ %géd\@%%‘%lﬁﬁéﬁe '
ref erence votd dgeveltageaddiectiom sircuindvinle checsoalpchaltemaring inpittvitage quay be o
the presel ected , DC bias mpus a predet S%Vi‘ ned rrultigl e, of the reference

vol t age VBG Providedhbiria Sprastiveiqs saPaaHys neReorkRlaced DEtWERR i ALermeHES o

first resist fd : £t DEPb;
connect ed to%@gﬁi\}%ﬁ{]ﬁ%&gbgglﬂg¥@g§o =IS(§i {g?gls@@héelﬁﬂse gﬁgpoa{rrﬁl |'1tal|sﬁeer has%gn
out put connefs thén\selectedsby controking sheME cuerent shroagh onseofithp elemdims dfithet
and second resi stanges are preferably equal. Thus, the second operational
anpl i fier pr&RAEe HWASHt put vol t age eaual to the presel ected DC bias plus
t he predeterni ned ti 0 3 ' - I % Inkas foie T d
second resi st ances%yhﬁ{ea%gréﬁeg@%ﬁ %&Q&P@g%&?r%g@tﬁlﬁeé prllléli \’E\%r I?Tiv'r‘??:tla di ng
a set or nodesmparaters eeceivihgereplurakityonft yoltagef ref¢renéésr sachacqrréspoadingmd ahe

out put of the secqnd applifier, er eby .fferent. required voltage

ref erence isﬂé}'\?éli“ﬁgbﬁoeggt d@&%dnﬁge‘?"e .eﬂg’oglt“PEPhé’? i‘b%l@?’e‘?}m’a ofdFITg<to
anot her aspeblrfies!dte dath Uetingd as ValldfeOPieh (icka dfe BERIE!dihe Coffpéshe Y
be provi ded ich includes a fixed reféerence current generator generating

i denti cal cuwokages beingrivgridble vekages sheyreferemes voltageremainingiat alfixedcioltage

| east one portiop includin resjstive.el enment,, a node between the t
series porti SHECHORhAERrRRArtlPTihe varatons I¥e Aprdmglycmollier 2speg oS ng
vol tage may BfedrbhapidvitesOh Yd1easelpehiralioh! dfil Gndiiding! 4 CréférenddSiokiabe Ui

branch includes a fi ' f a first channel type, a resistiv

st transi st
el ement and gef¢naser gemenating vrefefense yoltagaiwbichris constarpeovitlengspectitoa ground

connect ed bEtvo tggne, tah‘?ol%aliz%pllrﬁﬁt}/p%c%ggg cgr%mit r}81' (r:rilurlﬁgliyltngat?xg' rtepe?'egéeoyagag\éotlayt g9¢

certain multiple to provide the fixed voltage, and an offset circuit for offsetting the
fixed voltage by the varying voltage. |

Such a circuit may include a first operational amplifier connected so as to
receive both the reference voltage and a DC bias, and producing an output voltage
equal to the preselected DC bias minus a predetermined multiple of the reference
voltage V. A second operational amplifier has one input connected via a first
resistance to the output of the first amplifier and another input connected to
receive the preselected DC bias. The second amplifier has an output connected via
a second resistance to its said one input. The first and second resistances are
preferably equal. Thus, the second operational amplifier produces an output voltage
equal to the preselected DC bias plus the'predetermined rhultiple of the reference
voltage Vyge. The first and second resistances may be provided by a resistive divider
nerwork including a set of nodes connected between the output of the first amplifier
and the ouipu: of the second amplifier, whereby a different required voltage

refarance is available at 2ach noda.



A detai l ed descri pt lon of certain particular enbodi ments of the present
iavention will hereinafter be described, by way of exanples, with reference
to the acconpanyi ng diagrans. Figure 1A shows a circuit diagram of a manual
doubl er/bridge circuit in bridge rectification node; Fi.gure 1B shows a
circuit diagramof the manual doubler/bridge circuit in voltage doubling
rectification node; Fi.gure 2 shows a circuit diagramof an automatic

vol t age sensitive sadteofativelycand acdording tpanotheaaspedtiof thecingentinma refgranceand
out put signals of the circuit of figure 2 vg;e . Ssubj.ected.t o, a.high range AC
"nput Vol { agevoltigs geBeRtaRdRsuftpEY Da REPVART N RicE ptuses Bixed BieieCs EnER
figure 2 whengegidph@et etdlin} ideHtiéAMiereNts tHBYEh Wob 58HES pbiibtsof Sorke et

i nput and output sfcgr%ﬁs 0 a1 c)lmgcuit according to an er‘rgodi ment of the
present i nvenbianch, &ilgastone pirtos includingd tesistivaelementiramode \bsitweere the wo
sensitive switch cirguit accordi%:rg1 éo an enb?ldi nent of, the-present

i nvention; Fi Wé@@me‘&gfaﬁ te FQ)BTC&FVF]t &iVAGAnG Y Olagss tieofrhe veltRgsi ¢
-~ of figure 6: fHagWeCa SrafiONDSf thi !sﬁﬁ;bl’tvtvoﬁh?& kRO Eiraiir. AHOBRIE bitRichad8udes

sensitive switch circuit according to a Second enbodi ment of the invention;
Figure 9 showa fizst tednsistor of a dirstrahannel typpd gesistive ejement antba disstetransistondf

vol tage | evel s: Fiqure 10 shows,anot her fect of. a dr I.n_suppl
Vol t age on' ¢ i SBERRh ERRSL YRR FesRg et oL, apamecieed e Breer” S niprl, olindd REe
effect of a dgpmit Bn@ YR Soutd $6iek@eOn reference vol tages used in the
circuit of the invention] Figure 12 shows a circuit for the generation of

reference voltages; Figure 13 shows another circuit for the generation of

eference ol {ases. Fhai TGRS o A ol e hRCp P B pesr

" and 13A; .

generation of invehR6R MR hepdihafiesbe dagRited! By wag dfamiplésliwithyreBérehtdvs @tfe 13
accompanying diagrams. | :
Figure 1A shows a circuit diagram of a manual doubler/bridge circuit in
bridge rectification mode;
Figure 1B shows a circuit diagram of the manual doubler/bridge circuit in
voltage doubling rectification mode; _
Figure 2 shows a circuit diagram of an automatic voltage sensitive switch
circuit of the prior art;
Figure 3 shows input and output signals of the circuit of figure 2 when
‘subjected to a high range AC iriput voltage; | |
Figure 4 shows input and output signals of the circuit of figure 2 when
subjected to a low range AC input voltalgé;
| Figure S shows input and output signals of a circuit according to an
embodiment of the present invention;
- Figure 6 shows a circuit of an automatic voltage sensitive switch circuit
according to an embodiment of the present invenrtion;
Figure 7 shows a current loop diagram of part of the circuit of figure 6:
Figure 8 shows a circuit diagram of an automatic voitage sensitive switch
circuit according to a second embodiment of the invention; .
Figure 9 shows an eifect of a drop in supply voltage on the detection of

voltage levels:



Figure 14 shows a circuit diagramof an automatic voltage sensitive swtch
circuit -according to a third enbodinent of the invention; and Figure 15
shows input and output signals of the circuit of figure 14. Figure 5
illustrates the operation of the circuit of the invention. Two cases are

Il lustrated: one for the case where a highi@ange AC i nput voltage is
applied, the second where a | ow range input voltage is applied. Scaled AC

i nput vol tages are Figuré a0 shywsiansthef éffe¢t of @l dragdn Mipply voltage pn tiikidetection
conposite voltages VVMH, V[err]. An upper threshold voltage VPH and a | ower
threshol d vol eh¥eltags lexels; defined. The all owed range R of input voltages to

the control circuit i . hj Okt

V[err] is applied tgigt%ﬁétig}gggﬁl : p%gji% tu %\%%gégiag)é{ gﬂ#‘?’gﬁ pu%?gs&Pfléq%{regg@
produced whenvélpagesanpdsn tthe cirtniagf thé énvehtiorxceeds t he upper threshol d
V[err], and negative, peak_detectiaon pulses P2 are, produced when the
CE)rrpo]si te vol tgge. V?EE%!’? lfzaﬁﬁf)g’s Ee?lb‘i}ﬁft %R!' ‘iS}H@PeWEs‘}fdle T7Bfe Xgkagaserr]
e D eshol s 0! NBidurd 99 Hokilaholil? Gtcufifol ke ShetaR of HeRIPAL: Yatige

ref erence. Mains zerd crossing indication signa uces a pul se every
time the conposite FiguraddAghews furdher ditcuitrypforebe pémerhtior of referarice aghiagds;

V] , Wh he., | f.the AC i , I d
he o ossing. ol t nePIERES 1395 PRI o PrPisPiad Bt IoE Hhe Seperanpn rctelprenes
V[err]. Wen {'&?ﬁgﬁ@’ iﬂa@‘{f‘gﬁﬁﬁﬁéw@"ﬂ éfaﬁ?ﬁﬂré €3 ahd @YA-t he baseline

vol tage of V[er 1S eq to the D%ﬁg?fset voﬁnt age Vferr]. In this way,
timng and vol t age Fignee 1drshowsatdirenitndiegiam ghamautomatia valtageckensitiee syittk.
When peak detecti.on %ldsecs P1 .P(i are roducgzﬁ? no triac gate pul ses are
produced and CREHIT AFERTARE T0 & Hhir 6@1\@5’“*3%8 IVeRHIL A% i nacti ve)
state. For a |ow rapgmréqs shoWdRiput A8 Bﬁ@!ﬁ: dhaGLdfIRe Wcﬁﬁscfaﬁ@rermuced
as the conposite voltage V[err| crosses néithér the upper nor the |ower

threshold voltages V[err], V[err]; active lowtriac gate pulses V[err]T are
produced, a certaingine.after each mains zero cr.ossing.indicatio ul se
St Ed e, St Tl

ZC. Hysteresis-may b&EWHd HENmRIEY heoRFrapen Of the giraif phihednyeiuiqn, Two cdses

det ection, toaAVflusirBRidS ¥né edrohkicase whBE: &hﬁg?]‘xirﬂﬂ%esxﬁ iﬁput edaf%%;lhya?ﬁﬁ&g itRe
for triac stability. This will require two thresholds for each detection.
The scal i ng rsgdoadawlerena layCcrangesimpuyvelage it applisdc SealediA€ input egjtages are

V] V] . h h_that for.the highest i i nput ,
Uhe. compos: t e el Hod T sHNETcfis, VopdoaBheba colppiinge, vfARES W Yoo
al | oned rangeuppéothreéifol@Volthge tw,gl $hd Fe6Wer giregHol@RoRage MEarodeAnLd oThEd

during both the positive_and negative
allowed range R of input voltages to the control circuit is shown. When a high

voltage range composite voltage V., is applied to the circuit, positive peak
~ detection pulses P1 are produced when the composite voltage V\,‘H exceeds the
upper thresheld Vg, and negative peak detection pulses P2 are produced when the
composite voltage Vg, falls below the lower threshold voltage Vp, the thresholds
being fixed within the circuitry using an internal voltage reference. Mains zero
crossing indication signal ZC produces a pulse every time the composite voltage
Ve Vg crosses the baseline voltage of V,,, whatever the level of the AC input,
using comparators set to detect the crossing of the baseline voltage for the
composite voltage Vyy. V. When the AC input vbltage has a baseline at OV. the
baseline voltage of V., is equal to the DC otiset voltage V. In this way, timing
and voltage level information may be gained for the whole AC cycle. When peak
detection pulses P1, P2 are produced, no triac gate pulses are produced and the

- wriac gate voltage VT remains ar the high (inactive) state. For a low range AC



hal f cycles of the AC input. The required DC offset voltage VDC nay be

@bt ai ned by passing a DC current of known value through a finite resistance
al so of known value, and sunmm ng the resulting potential with a
representation of the AC mains input voltage. Figure 6 shows an automatic
voltage switch control circuit according fld the current invention. The
circuit is simlar to that of figure 2 and simlar features have simlar
ref erence | aimput, né\peak detestioRpulses preapmﬁubed wethe cmpmm@m%mﬂ ¢rosses

neut r al ACln | ;ne N. The control | udes  functj

R 4§ onal t GEtAGL IR RRAT 1R TOHEF EBRHN VeliReds Vrmaresi PRI Fiag gare
enable it to 8&&&& OF T Yl ﬂﬂ%cé&\%eéer@@hfiﬁhé theﬁ' BaH thad@l Zerd @PbdsingEinditdtion
negati ve excdrsions of the al ternaﬂ&g input voltage V[err]. The AC input

vol tage V[er p}ﬂscigcays;qresgs mapebe ncl echfqr@gcb peek onbaseline qrpwing detectian,r |

The resistor n_t | S

current. throdo A A S8R and BrBbiag ek sTtee Rl AYSHAE RABY P This,s e
t he DC of f setwiRfreflive *RORBEIsh61dY Ibi 28éh §eREfibnt 0 the control circuit. Such.
DC current is conveniently supplied by the DC supplt)r/‘eV[ err] to the control

circuit 30. in thi Sheasselivgpatio ead the R MSSACVipamftthe somppsitewoltegesoV \ar

Vel e of the necrs eposepapel bt fred Br BB HighlR eBhsibl Acinglh e lonriiGie
}'ﬁ' tage VDc ggliage Vo, fived dyeheeentedl diftRitdies Mithil ¢hé Qmﬁﬁed/fﬁng]R fofliey ¢rriref
e control circuit”30. Preferahly, a DC offset of V[err] 45V is required

for V[err] té&yge @altﬁ@emomgmtmdm perfommediguring bpH) ther paskidveraneuesativef
t he al | owabl %ﬁfﬁﬁ?’gﬁé thg%% 1ﬁuppl y to circuit 30, provided that the

alternating i age a baseline of OV. The DC offset is the val ue
of V[err] when the e re"qwedVDU affSEtV&olta?geW ?Infxay bé obirsited wdpassingea DC

Rlerr] = 1Merr] and Rerr] =18k[err], a negligible amount of current is
dr ai ned t hr oGYFFeR} cfr knowa aeiye sir@ughes Miniter resistancs plisoopinkaown yeneagad
divid bet t

Chor o or o°+ SSEReR, MR DORSA WS ABHLLRadd T Rr B A0 s Yo
[err] . voltage. -

—

Figure 6 shows an automatic voltage switch control circuit according to the
current invention. The circuit is similar to that of figure 2, and sirﬁilar features hé.ve
similar reference labels. A resistor R; is placed between the node 26 and the
neutral AC input line N. The control circuit 30 includes functions additional to
those included in the control circuit 24 of figure 2, to enable it to perform voltage
level detection during both positive'-and negative excursions of the alternating input
voltage V.. i | ' | |

The AC input voltage V,  is scaled by the use of a resistive divider Ry R,
The resistor R, is included in the circuit to supply an additional DC current through
a part R, of the resistive divider in order to increase the DC offset of the composite
voltage V to the control circuit. Such DC current is conveniently supplied by the
DC supply V, 1o the control circuit 30, in this case supplied from the AC input
voltage by use of a simple half-wave rectifier D; and smoothing circuit C. R,.

The value of the resistor R, is preferably such as to achieve a DC bias
voltage V- equal 10 the average of the supply voitages V, V, of the control circuit
30.
| | Praferably, 2 DC offser of V/2 = 45V is required for Vy,. to place the



Figure 7 shows a sinplified current |oop diagramof the resistive divider
and DC biassing circuitry of the circuit of figure 6. A current I[err]
flows fromthe AC input lines, represented by the voltage source V[err],
t hough the voltage source Vc (Whl ch represents the capacitor C), through
the resistors Rlerr] and Rlerr] back to thg2AC lines. A current 1[err]
flows fromthe voltage source V[err] through the resistors R3, R2 back to

the vol tage segpmp6site veledgecV, dt3hé lmidpoint @Mthd allvwhblegangouitiea 9 @ﬁp}}lw 10
through the resistor Rerr] and into the Verr] input of the contro

circuit 30. AisFYif 30, Movidedrthakthealiernatunginpyt yeltage hes gbaspling of ﬂVt 'rl'be DC
di d 1 whi ch
ot ey s RS g e V"GP, b BEC Rt vollade VIR W, AT AT S

and using units of volts, k[err] and [err]A [err] 13 elimnated, with

the result: [err] To test the result the eak voltaﬁs whi ch, a pear at
V[err] are cal cul at&dastdéﬁcﬁ@ﬂ@é@m"é, M@ pndiRe fhat’l*%l Fnaﬁ@ﬂlt of

573V, and accorieRo Bl Mboukh of1 Y ﬁﬂdtf’? Al I £ D ﬁ%ﬁ%@?ﬂ“@

this into equbtiween the Vi velsagd ad ihemeﬁﬁﬁﬂ hhemo]tége V[,.oWeeuhaaafomre[qﬁlre uhat
follows that VM = 1-213V, thus above V[err] and within the permtted range.
Simlar calculations for the npst negative instantaneous input voltage,
when V[err]= -373V gfvgs \gerrL'= ¢y 87V, thus below the neutral |ine

vol tage, and within tch —pertitted c&dge. This neans that the AC vol tage

wi |l now be centred on ®je+rrRgdl e of2the all owed range, and all the whole
cycle of the Aclisatkwu thlnthe al lowed range, with suitably
chosen resi st 8F NaafFues FYRS 3er'r¥§ R err] Rerr] Wth the inclusion of the

Figure 7 shows a simplified current loop diagram of the resistive divider
and DC biassing circuitry of the circuit of figure 6. A current I, flows from the AC
input lines, represented by the voltage source V., though the voltage source V.
(which represents the capacitor C), through the resistors R, and R, back to the AC
lines. A current I, flows from the voltage source V. through the resistors R,, R,
back to the voltage source. A current I, flows from the voltage source, V, through

~ the resistor R, and into the Vy; input of the control circuit 30. |

Applying Kirchoff's law to the current loops shown in the diagram, and

ignoring the control circuit input bias current I, which is of very small magnitude,

Vu = R;-1) ~[2]
Vix = Ve+ (I,-I)R, + LR, —[3]
Ve = LR, + (L -1)R, - —[4]

. . from which it follows that: _ _ |
Vix-Ve = LR, + Ry + L(-Ry) -~{3]
Ve = L(R) + LR, +R,) --{6]

Substituting into equations [4] and [] and using units of volts, ka and mA.
for the known values of Ve=9V. R,=R,=18kn. it follows that:

Vio-9V = I1,(1018) - 18L | —7]

Y = 18I, - 361, —[8]

Muldplving the terms of equation [7] by 2 and adding with equation [8), L, is



resistor R3, the scaling factor for the AC input voltage is: [err] Figure 8
represents a second enbodi nent of the invention. The circuit is simlar to
the circuit of figure 6, and simlar features have simlar reference
figures. The alternating input voltage VLN is scaled by the use of a
capacitive divider CJerr], C.. Capacitor Ci®rr] is chosen to have an

i npedance val ue nuch snmaller than that of C,. to provide an AC conponent of
conposi t e vol ehminavgérwithuhe césults | ess than 9V peak to peak For exanple, bv
choosing C.[err] = 8-012 d ery t he i npedance of. C3 will be 0012 tines
that of CJerr], and vo Fggiséccross Cerr] with a peak voltage of
264[err] mains volfage WI E(QV,J%G@)V per] x (0012/1012) =  [err4V. LJsp]of
t he 14 capaciti vé divider ‘3™ cd ' enoves any DC conmponent fromthe input

al ternati ng v@bttastethewteselt, thecpaskoraltagay whichc appéateateViy #se valaulaged, loawake ne
vol tage of OV. A resi,sti,ve divider R5. s placed across th uppl
Vol t oo v i, R Y e it 0 pe i retae B bAVERR DATE oYt B

V[err]. To sugply_an offset. voltage equal to the average of the two supply
vol tages, the twd resistors Rs, R6 must be of an equal value. The conposite
vol t age V[ er r Thusifpr iac¥ ¢ & BREVcand aegordingctgi equations{9.,hen: VM = C4 . VLN
+ Rs. 9 [err] If the supply voltageﬁ to %ﬁﬁﬁntrol circuit are OV
(V[err]) and 9V (V4), the AC input vo té‘gg be scaled by C3, ¢4 so that
there is |essgitiatudig B8atntbequadbn [8Ngivee di spl aced by a DC of fset voltage
by R5, R6 so as to produce a conposite voltage V[err] whose nost negative
peak is greater than OV, and the whosd: ﬁo@ﬂﬁg\mApeak is less than 9V.
Simlar calcu o) . for any other type of automatic

vol t age sw tcﬁ%n@rﬁgﬁét[gg I?géﬂo&ése%g‘}n the two enbodi ments of the

i nvention:described, peak voltage | eval"; Ar13di,ns zero crossing points are

det ect ed by applying the conposite voltage VMto several voltage
conpar at ors, 8asHabayspYi aadwitlinghe permijéed eangeence point representing a

poi nt. The required .rc Yop t\1/ tag §'V até‘erin ,°. mnp . b en
o . Feau oo Y SoBlo R e i i MingpMEBELAT i GBRE

vol t age Vin = -373V gives "

—

Vy = 787V,
thus below the neutral line voltage, and within the permitted range.

_ This means that the AC voltage will now be centred on the middie of the
allowed range, and all the whole cycle of the AC input will stay within the allowed
range, with suitably chosen resistor values for R;, R,, R,. With the inclusion of the

~ resistor R,, the scaling factor for the AC input voltage is:
i R.IR,.
R, + R,IR,

Figure 8 represents a second embodiment of the invention. The circuit is
similar to the circuit of figure 6, and similar features have similar reference figures.

The alternating input voltage V. is scaled by the use of a capacitive
divider C,, C.. Capacitor C; is chosen to have an impedance value much smaller
than that of C,. to provide an AC component of composite voitage Vy which is less
than 9V peak to peak For example, by choosing C, = 0012 C,, the impedance of
'C; will be 0012 rimes thar of C,, and the voltage across C; with a peak voltage of

264Vrms mains voltage will be 264 x /2 x (0-012/1-012) = 4-4V. Use of the

-



reference, suitably anplified, and referenced to a ground potential such as
Vlerr]. The anplified output of the bandgap voltage reference may be
divided by a fixed resistive divider to provide a set of several reference
vol t ages. I nput voltage requirenents of the voltage conparators and
anplifiers may limt the permtted range of4 val ues of the conposite voltage
Vierr] to between (V[err] - 0 6V) and [err][err] 0.6V). This nmethod has the
dr awback t hat cpayitwer dieidee Ty, IC,iletroves taag d)(vck:oaqrmat fxfolne tham;mtt alterflaiing
figure 8. will be reflected | n the magni mzle&) élhe co ite v? tagg err
whi ch i ncl ude®o é?‘gQCW@EFr?p@ﬁ PTque %Si%ﬂ 2p ﬁY‘VE@r gseling vQltags PLO; o&

'Imr;i Lge vollgagleﬁ gage | rregul ér |6t | eélatcgﬁ &F&F g?(gpémggh&ﬁar g"ﬁgf othtﬂkllee

capaci tor C, eiscuitlandaprovides adb€l diifseit tvpltage oéb’g@fr@dsupplﬁan bﬁsemg:lpagesmual
generation, which will further dral&yt charge on cg&g i{gr €. Su |ns
vol tage irregtf tyrae 26 8% &he, tHe SUPRY VOilages 185 tyRde TRV[’%IHI

they do on thg q"ﬁ g/de of the alternating conponent of Verr]. If Vc |s
provi ded ot her an y the input alternating voltage, variations in current
drains of other ci r&‘hetcsnmsnewbhdge ¥, upplizdetoDte xopproy cirouit 304k shervause
variations in Vc. The refer vol tag however, being an anplfied
bandgap vol tage, andmefere o Ta ﬁéur?d potentlal Vlierr], are

i ndependent of any changes Cn.,t@ vol thQ. and thus are unaffected by
any variations in this voltaée hi s u set t he neasurenent of -

al ternating vol t agelfnhgrsupplevaltages ¢o the comtsolneiraniti aresV KVgdeadPV (V,), the
illustrates t roble caused.. The,c voltage V[.err epresent.s the
vol t age appl |g§¢f WHe @Sﬁ@'ﬁt%?@{ﬁ‘fgggirhgsg 8t ﬁl?&e Eﬁf#éﬁ ’EgSéBeak
alternating i P@dﬂ&, el ib@gslsgﬂébed WTRODC Bfiv&! vaitie VbR, waso ra@,smt EY&H&Q%S
at times tferr], t[err] and negative peaks at tines t' upper
and | ower peakomipositt v@mywesﬂmwmosvpegaqve peakris preater nhan IONd@mi the whose
optional additianal th rr][err] V[err] for hysteresis. Crossing
of these thregﬂﬂpﬁgpﬁﬁ t‘% s§, ) g V[err] leads to the production of peak
detection pul ses Plgiffar EAeulRBBRAMHOBe JedfiteGS ot NAYIcHes Pp& of Ritymbiice
the conposite voltage V[err] crosses 'the baseline crossing detection

t hreshol ds V[ voltage switelr eqntemplatpd [fer njg.err] in voltage Vc occurs at time
tlerr]. As the conposite voltage V[err]

In the two émbodiments of the invention described, peak voitage levels and
mains zero crossing points are detected by applying the composite voltage Vy, to
several voltage comparators, each supplied with a voltage reference point
representing a threshold for the detection of a peak voltage, or a baseline crossing
point. The required reference voltages may be set by use of a bandgap vdltage
reference, suitably amplified, and referenced to a groimd potential such as V. The
amplified output of the bandgap voltage reference may be divided by a fixed
resistive divider to provide a set of several reference voltages. Input voltage
requirements of the voltage comparators and amplifiers may limit the permitted

- range of values of the composite voltage Vy 10 between (V, - 0:6V) and (V +
0-6V).

This method has the drawback that any variation in the voltage V¢ across,
the capacitor C in figure 8. will be reflected in the magnimude of the composite
voltage Vy,, which includes 2 DC component Vi, derived from V. Such variations

in the voltage V. may be caused by the discharge of capacitor C during mains



monitored by the automatic voltage sensitive switch control circuit 30

I pcl udes a DC of fset voltage VDC equal to [err]V[err], V[err] drops by
Vlerr]. Due to this, the positive peak voltage occurring at time t[err]
does not cross VIH, the positive peak detection threshold. No peak
detection pulse is therefore present on siggal Pl; a peak of high voltage

| nput goes un-detected. When a negative peak voltage occurs at tinme t [err]

the threshol dyolbage fridfddridiesylntiict leh@rnd reicedcdhasging of eid da Igaaﬂof @ as well as
respectively, causing.a |longer than usual pulse on, signal P2 The vol t age

Vc has not fu|th¢/pas,s&h@r%fore99a&eaémp REINE[RIse gqq@éatmw fuathes drain the
d h t t dip th

and 115 risi ngimBs &#ﬁﬁ%mﬂ?g%@éﬂa@%m%SP&%@“@;‘%&?@#Eﬁé’@%‘%‘e SHEG b hil

cycles. Siml aralu;e, ofti. ithretn tﬁbysdqoem tivel magnitede of the dlesrnhting coinpenénnat V,,. If

of "phace i t h Ve oBEovidedirthor Handy Bpchau! ik TaIGE DlaSer P x’po"”e i
| ocation at wslls 8 ol Sirkiil el 189 0P B Aulrt BICOSRBAN BEURPaRo! hiB0e

| evel . - Fi-gure her consequ épen ence of the
ref erence vol tvagetofis imMche circuit supply vol t age deflned by V[err]

Mlerr] is the conpo ol tage ed to econtr It V\/n .ovx'/
range al ternating i ?\[B‘Pt %69588015%&5 é%‘@ﬁ‘fer Sﬁé‘rarBP gRP ye t%%ﬂ’laé‘ﬂ
signals P1 anq_.f e I or
VL. The. aut ORGP Phpa ol ViF afd BiEped ik 39§§u%*r%%§?ﬁﬁ*’évaﬁdée
rectification Vigdmd ﬁ'hm\mremnaﬁﬁscteld by any eaﬂaum’as in this tn[)lmge} 'Iﬂimawwlblmpagethe
Vlerr] drops by an anobunt err i scussed ov t he ma,gnltude of

V[err] reducedf eaéHbeI&?mtq’fe g PF%(?O %%ﬁ(“li‘gn{r}‘ [26FQ FTOSSREIPOIRE: | ower
~threshold Verr] 'SErigﬂ-%%dmﬁ&‘ités' ghe eqregle%oéﬂﬁg fmeuk Foélféj'v‘éﬁtagé‘gva
hi.gh range vol t age s will 1mrediately stop voltage doubfing node
causi ng a t enpepmsgntsabevoltage appli¢tbtonthepcantrall dimyis dufringhee period iof ihigh range

circuit. Anal ogous problens .ma g.g encountered d | ncrease
T the val ue. GReRRIg DS olFRER, d B BOTPERL VOEHER Y wdihs POSIE EAR A iBes
system | evel erf?%ﬁ&'ifég?u& g@iksaeﬁ'% el cnee, Bbﬁ?ﬂgéervﬂdd lo%rﬁ)eﬁﬁl&%o

wherein the rePerfnce v tages are a ect’d variations i'n the magnitude
of the power  shrgsholdspVigo¥n\Virer intludedcwith mmonabadﬁmenzdlthegphoklsfv %ad V'
vol t age betwe
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the DC of fset production of peak detection pulses P1, P2, The comparison signal CS changes state

every time the composite voltage VV, crosses the baseline crossing detection
thresholds Vg, V7. ' _

A drop AV in voltage V. occurs at time t,. As the composite voltage Vy
monitored by the automatic voltage sensitive switch control circuit 30 includes a DC
offset voltage V¢ equal to ¥2V, Vy drops by 24V .. Due to this, the positive ﬁeak
voltage occurring at time t,, does not cross Vo, the positive peak detection
threshold. No peak detection pulse is therefore present on signal P1; a peak of high
voltage input goes un-detected. When a negative peak voltage occurs at time T o2
the thresholds Vp;, V/p; are crossed early and late. respectively, causing a longer
than usual pulse on signal P2. The voltage V. has not fully recovered by the time
L.; the next positive peak occurs. and hence the peak.detection pulse on signal P1
is of reduced width. and its rising and falling edges are out of phase with those of
otaer cycles. Similarly, during t this pariod of reduced V., the baseline crossing

points, datected by the crossing of voltages V4., V7, are our of phase with those



VDC of the conposite voltage V[err]. As for the exanple above, this voltage
may be [err]V[err]. The DC conponent could, however, be any fraction of
V[err], chosen such that the whol e possible.range of V[err] lies within the
appropriate permtted range. The definition of Verr] may be witten:
Vlerr] =Jerr] V[err] + n. V[err] where n ijg a fraction suitably chosen
such the whole range of V[err] lies within the range between the nom nal

val ues of V[ epflothérdcpdd! ahdfdy nbh@oxbtqimﬂt toetiReicaton &k uehich thé emaihs Asputhe

vol tages we require to detect for peak and zero crossing detection
correspond t ovoliagapetually gresses therzerpoltagedevgdl t age VLN, these may be

Cor respondi ng to” variEedUpRNE pbARE phtkeBhef dihl iMdEpEhaRSE dfdht BEcnce
as tracking t heltbkescfrbmahe it @epplp@oltage definetirby WnVi, ix ek vompogiee Wleage]

which is the required certain value of n.V , the required reference '
vol tages are &BPReW thecestrol gireyitvbile adow agese sitqrnatinginpus voltage ispgesentide

chactly s (BB iShh A B Tl P SR P SARROL B b g

Vlerr] and thé CTertain

vol Eage] x[ : Timevaaaad:eﬁg/lf ov. drei[/%én%‘[e au@?rhatjs [ddnb]tergt?ﬁdgis mgmiis i}sdn «\%lerge}
= err err + lerr err = err err + ) rrj,; err, er.r = e
Figure 11 shoWoubHag Teetification; mode; Hlowsver. 78 %ﬁgrarge%%tf %ngeﬂlﬁ veltage Vi |

f I : : ' .
Verr) (rack Saopary R s o VO aisclbeRd qhavd] B magdld bf Vi fidiees. ang

that VDC may taakie négativecpeald dtaimme V¢, viheilower threshoid 053 iotraskéd,tand signal P2

ref erence vol tages vary, keeping a copstant difference. between each
ref erence vol rpagéu%ﬁse %{1&» n}cﬁmgmaa FaRgs waitege s biys wall iremediagsly strp voltage

Canplified b - ' b :
o R R B S BB i OBl oA 6 lir
vari es i n magrircuiteAnblogotopobliemenhaybe encesnerdd duringROentparareinéizaséinehea

O Tl SE D, P he g o R (B b For g v

a resistive dip\é%a%&vmrk conprising resistors _R[.er.r] , Rlerr], Rerr].
Several nodes 42, 44, 46, 48 are tapped fromthis resistive divider
network. This network is

A voltage reference circuit will be discussed, wherein the reference voitages
are affected by variations in the magnitude of the power supply voltage V¢, such
that there is always a fixed voltage between each of them and the DC component
Vpe of the composite voltage V.

. This is achieved by ensuring that the reference voltages track the DC offset
Vp of the composite voltage V. As for the example above, this voltage may be
¥2V. The DC component could, however, be any fraction of V, chosen such that.
the whole possible range of Vy lies within the appropriate permitted rangé.
The definition of Vy, may be written:
_ | Vy = ¥2Ve + 0. Vi _
where 7 is a fraction suitably chosen such the whole range of V,, lies within the
range berween the nominal values of V. and V. for the highest expected value of
Vix
As the voltages we require 10 detect for peak and zero crossing detection |

correspond 0 certain vaiues of the AC input voltage Vi, these may be detecte



connected in series, and forns a first circuit branch, wth two p-channel
MOS transistors QP1, QP2 in series, connected also to the positive-nobst
supply voltage V[err] and two n-channel MOS transistors in series QN1, Q\2,
al so connected to a ground voltage V[err] A second. parallel, circuit
branch has two p-channel MOS transistors @73, QP4 and two n-channel
transistors QON3, QW in series respectively between V4 and V[err]. The

p- channel tr dysdesecring (re3crofidg loé certhinerefergate yoltageseeresipondingaogaiwss aff

t i st . 2 ti | v. and to thei ] |s...,Th
ransistors G B bR et e e S GBS R v
transistors a%aiﬁ?ﬁ@&%!lt‘éﬁéw éhicﬂ'iﬁqzlilg 8%%&8&1 cehafdValue REfap e, biirnch

conprises t n- channel MOS trafRsi stors , QN6 connected I n~Series,

t he source ofreqiBedeefegencevoitages ate obtainegd. dihede referenpe wiltaged will thenl varyn
of- QN5 being.connected to the out pyt.of..a constant current ner

whi ch gener at®dDa L uﬁMﬁ?&ﬁsFﬁWB & Y?%?%i%‘%&@%&g, 05%8‘.
The gates of Jolapshat @ESemﬁn 3 WGirE @fetndel@odat d volt
transi stors &@@“Mqoien?pect?ve @gﬁd{)g?%g fo thgfler own ?esp?g?l?f\i/ev%r%ﬁen
term nal s. THé.Chmspassingof a gaferemeecvaitage thén gasesporndsstor ef er ence current
Iref through the two n-channelvtr_a{}zrs{[stor Q\II'S{ﬁ\g\B' hese are each
connected as a current mrror "W th’t¥ansitsYuy § c *respectively. An
identical current, Iref ', therefore fjens Lhyough the second circuit
branch. This second circuit branch copsi%‘ts of “four transistors QP3, QP4,
Q\3, QWM, each conrdguredlhshowsctherrequired fumationi ofithe voltage sefeneticeceircuit. All
transistor in the fir%t circui{obr ch ,Thevfir } cikycuif, branch congésises
" an upper por t4eSESSATHETIERANGE YOHASS Yrur ¥ me1YzoP2, zaaYd e ¥ims 1THFE VAFAtpES
far as node 4@y andis legavbld) UrldmotherRaksi it V). fdftaRé. AbendNansge v hat
Is resistors -R9f> R8 from ngde é{o?ﬂand transi storé’c(y\ll,§ ON2. The (R:Iér?%bnt c
m rrors conpniasiesgherahadssofoalt thgPpgsfexgmte vQivagesQrRey,ceaepingia constent difference

Iref[err], equal to Ilref,.to flowin th pp art of the first circuit
branch. The ESIVER SAFR riieesussintiase A7 Varo v olBEe TeEeIGROUTERy SIS e se
a current |remplifiQiib#hddap reféencd Qisthss¥d hBove 'will Sty BB x W, L REndthsiSt
circuit branch.” Hence, an identical current flows i'n ‘each portion of the

- first circui twith zespect s thergraund voltagel ¥ys Thist boweveruvades imaagnitpde wifen

amplifier Al onsidered with respect to A\

Figure 12 shows a circuit embodying such a voltage reference. A buffer
amplifier Al receives the DC offset voltage Vp, and supplies it to node 40, at the
centre Qf a resistive divider network comprising resistors R, Ry, R,. Several nodes
42, 44, 46, 48 are tapped from this resistive divider network. This network is
connected in series, and forms a ﬁrst circuit branch, with two p-channel MOS
transistors QP1, QP2 in series, connected also to the positive-most supply voltage
V, and two n-channel MOS rtransistors in series QN1, QN2, also connected to a
ground voltage V.

A second, parallel, circuit branch has wo p-channel MOS transistors QP3,
QP4 and two n-channe! transistors QN3, QN4 in series respectively between V, and
V. The p-channe! transistors QP3. QP4 have their gates connected 1o the gates of
transistors QP1. QP2 respectively. and to their own source terminals. The n-channel
wansistors QN3, QN4 have their gates connected to the gates of transistors QN].,

- QN2 respectively. |

A third parallel circuit branch comprises two n-channe! MOS transistors



The output of the buffer anplifier Al holds the voltage VDC at node 40. The
vol tages at each of the nodes 42, 44, 46. 48. are then accurately held at
voltages V[err] lref.Rt, where Rt is the total resistance between the node
I n question and node 40. Hence, by selecting appropriate val ues for
resistors Rlerr], Rerr], Rerr], all of wgch may be adjustable, accurate
ref erence voltages are available for any desired value, with respect to the

DC conponent QNS QN6 toenatidd &1 ssited, Hed serte bh QNGO beidgeoaheaad honhe grouni
node 40 is fixed by _the constant_current sour cngout put Iref, and the

adj ust nent s aYRitag&IY]@stthdrF’é‘s‘PfsQB{ssbﬂng cpongged 1¢ %P‘}t%Pf’&@SQPES‘E"EPm
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step ( a cascode stag ures a, greater matching accuracy than woul d
have been ac hﬁrmoﬁﬁﬁs’ ég*?%geﬁngcta% b ﬁﬁgélsel}?rt f gwprrpg?ecp e drain tergppals.
Al t hough this circuw ' ' r]
err] WP, it suf  or 12§ POt pORerafit I BekPld ARErentl EhzRRPReFlurokel |
resistors, whhe twiphehenheldramsistorseQNG, €QIN6.0oTheset argeddehrconntttedaasi aciimeat of

resistance with te ratuse. rrent source |G and.the trgnsistors, my
SuTfor 11 om R HEDGAnSwrs M CHES ErRpecaian. An i atical chtret L4 tstare
second circui ﬂo%’{hr%u%@ 'tﬂ@&%oﬁ&fcfi?gfri’ %?aﬁ&ﬂ%ksese%n& Eﬁcﬁi%kﬁt{cﬁ%nsists of fgur

functionality, which es not su romthe above limtations. A bandgap
vol t age ref er wansstBG QP% QB4 @N}JyON4e d¢ach conmiebwdl as powmanrestupptrpr with a
vol tages, V4, Vierr] .which have. a di%’ferenc.e of err].. I'ts output voltage
Vierr] is appfIlacPPPgdmgaTansisior 3 the HFsE CIIHTARel. Ao whose out put wil |

al so be at vol tage YRGH 2SS Hh ' }q.g@ t ?‘d?ﬂBi mareH Ny
Rlerr], R err] provi desflrg é@%ﬁ%’gﬁ*@’[ﬁ rr s{&g %wnég -1 nvitia'r?iblr?gniigﬁgatﬁhgéﬁsan
opanp A3. An QRleQR2)gnd mesistorst RGpRAasA3r as nodeA@canstia imverhportionpomprisinge

buf f lifjer A2 i istor R13. A feedback | st : i 5
connect od bet et nEtshBatihat Rirelsiors Rel RBPR nass 48 dhdaremstaedrs GN1,
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inverting termnal will be at the sanhe vOltage as non-inverting input.
The out put voturaems IvefG, equalhie Inef] waliew iethe eppes BE ofthatfirat ¢ircuitbraaciuell t h
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- equal to Iref, to flow in the lower portion of the first circuit branch. Hence, an

identical current flows in each portion of the first circuit branch, and no current
flows into or out of the output of amplifier Al. C
The output of the buffer amplifier Al holds the voltage Vpc at node 40.
The voltages at each of the nodes 42, 44, 46, 48 are then accurately held at voltages
Vpe *= Iref.Rt, where Rt is the total resistance between the node in question and
node 40. Hence, by selecting appropriate values for resistors R,, Rg, Ry, all of which
may be adjustable, accurate reference voltages are available for any desired value,
with respect to the DC component Vp. The difference between the voltage at each
node and node 40 is fixed by the constant current source output Iref, and the
| adiustments and values of resistors R-. Rq. R,. If only voltages greater than V- or
oniv voltages less than Vpc were required. resistors would only be necessary in
either the upper or the lower portions of the first circuit branch.

- The use of two current mirrors in series at each mirroring step ( a “cascode

wn

1age” ) ensures a greater matching accuracy than would have been achieved by



voltage V[err]. V[err] is a fraction of V4 with respect to Vss and

t herefoore proportionately follows any variation in the supply voltage Vc.
Consi dering the currents (which nust’ be equal) through resistors Rerr],
Rlerr], [err] [err] In this expression. the V[err] termis the DC offset
term whi ch nust correspond to V[err] and th® VBG term corresponds to the
fixed voltage V[err]. The operational anplifier AS thus perforns both

mul tiplicatiomsidg &[sigld cimrefiRndrrof idgisir plack.o obtain the fixed voltage

d off b I f.i I
err) e o eet ) kbl e e e B U
[err]Vierr]. Riyrriy/ Gilférs! Frofn RiaBfaltibhs ihhitle Eéofifte %ﬂﬁ@gﬁg 1hY fdsiskdry, R{dﬁ-{n{) ]

;
= Rlerr] and RiBrr] = 2. Rerr] + Rerr]. As \ﬁ°|§ direct proportional
V[err], and primplementedc ompiotegratedf foram,r jogethar] with vadavonwf ofsissansei Wity

 var 2t on oftcPREFSEe TR i PatAouFee R e gFbesiptts ey Sl 6 ppictins
el enent renai Ngraafddei&dnby detiariyag.i ation in Vierr], providing the

required reference voltage VBG wth reference to V[err]. The out put
voltage of anplifier A3 is therefore at a voltage V[err] less than V[ err].

The vol tage VP nevers.changes, whatever .variation occur in Verr vided
Chat "o m o mum vol ¢ FEAEOTE LranRtS garong ek fof 5 Ak telpafnih epBple"of e
operation of tlaguitel fatRionafis/ Mhed d¥es nbkeffer feérﬁ]gtnzle luebt»@ﬁﬂliﬁ%nb.% 8

4[err]V. The output of anplifier A3 therefore fulfills the function of
provi di ng a voioltage refereneenBE whsupplied hyetheiwohavdilgble) powen suppily voltagest ¥uns

Toi s i reui 1 af UL REER AleFenfice of ool Sy sfiediola M ARG rortl s of.

the required rifffrenaplified A@gwﬁogéoeﬁ%uvmn afsd bOUEVOlalE VBLJ‘ AlredidBYe divider S
used. Figure 13A shows an inverting buffer anplifier, used to provide the

t hreshol d vol tRegwerk somprising resistors Rap dtaprovides aiiT voltage M4 thasnap-inverting -

Gi vi dor bet wedRPEh Rt SERRRREAS, Ru Iiing i 3¢ SPAmBoAS & efinetie it e gifom
connect ed. bet vgfahe idfer ringslifiet0AD UL P diresiStdr R),.0a fdedbaek régilor R glis shnedfd
the inverting input of anplifier A4 and the output of anplifier A3, figure

13, respect i veIsfwesn the,puenut Huanst theripyentinginpsy, ofithe gperatmnal gmpiifier A3, As
Merr], and _aq?ldofrhl'iﬁ with berational amplifiers, the inverting terminal will be at the same

voltage as the non-inverting input.

-

The output voltage Vpg of the voltage reference BG is at a fixed value with
respect to the voltage V, and is independent of any fluctuations in the supply
voltage V. V, is a fraction of V, with respect to V, and therefore proportionately
follows any variation in the supply voltage V. |

Considering the currents (which must be equal) through resistors R;3, Ry,

Vi- Vg = V, -V,

Vi(1+ Ry/Ri3) -V (Ry/Ri3) =V,
In this expression. the V; term is the DC offset term which must correspond to Vp,
and the VQG term cbrresponds 10 the fixed voltage V,. The operational amplifier
A3 thus performs both mulsiplication of Vg by (Ry:/Rys) to obtain the fixed

voltage V, and offsets V, by the voltage V. To fit the example, where V=14V,

-



using V[err] as a virtual ground, the output of this anplifier A4 will be
VDC + VP providing a reference voltage greater than V[err] synmetrica
with the corresponding reference voltage | ess than V[err] Bv using this
cireuit to supply both positive and negative peak detection references
V[err] V[err] a resistive divider may be sgf up between the outputs of A3
and A4. to supply each of the required reference voltages. This may
advant ageousl y conbi ned t R RO ngty Q?f = BBVSROI/ERE] 'R Rerr].
Figure 13B shows a C|rc3m¥lal$6afﬁg al}llzVTa qli red ?h?ﬂghggd v%?t ages,

V[err], V[ err [Thix may\fecanrngedeby fixiag[Ryr¥ R@@nd], 1t & BRwbt Rised fromthe

nvo peak det ecti on thrgs e
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synmbol's. A fi tisd oﬁgﬁit&iflmepltﬂetw&,rammtatﬁmngwce@ﬂ theosoitaBd N wililbe Teflected
resistor Rlerr], node 52 and resistor err% I'S éonnect ed between t he

supply V4 and“@ﬁbo%lﬁélnv[l@l Pf Y28 s e Biecoytpyt of ampli Fi/ﬁde?hﬁe\{nm?lﬁwmméinﬁg:
t R19;
oo stor o PSRy % Ao & UL pRAER8 fhe TERRO FeBrbitkloitgdy sl
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first resistive divider, resistors err] ly performthe fyngtion
of resistor RiVr leps thar V, gu'rréeﬂ?haaﬁ$ 9e‘fqrx¢l1@§gﬂ r}?ﬁ teveryagiation %?HIN}% .

RLerr] rRer plodififa gt s bty Sotbee/ie hamihed sCHdduited, 8P bBbRE ectecr

node 50 for bFasing € non- rnvertin
mai ntains the operaftﬁm ofutht tvanege&efaz:ende BGi SRl mihinvmem vblta chmasebewdund 4V2V

e el e A s o i e
verr]-at nodegrebencetunith véné?dmgs 5 eqﬂ-ﬂﬁck?ﬁxauﬁtg} nsd fixety VaTaL wxgﬁer %

V[err] and t tage at node to t conponent
required for Nmmddpeademgobﬁamtrdnsfofevcm Resistors Rerr] Rerr] R[err]

toget her performth nct of er f 3A, d t

R[grr] Ioerr] perfgl}hrﬁu H‘é‘ll?a}ﬂ’ﬁtg% r Wli’gnléfgdﬂ;’gﬁlrlt gwéggdi OerH’Egthe

ref erence vol & el BSef éﬂ%@ﬁr é&*@&b&wneo‘g@ﬂwk&; eﬁﬁﬁgmﬁey&'ﬁs%ae
o 5 e to be

conparator to aflow peak an crossif tect| arried out, as
descri bed above.. Fi @glﬂ'ellaAhsimvsaanhmvelrtmg)dndffaermupﬁfier, Medoﬂot pgmndcjrxhby
circuit accordj e inv nti , u di screte ts. Agai.n .
features simi Apegpgl% voltages above BG: ﬁn o%erat? nal amﬁ% as’ a non-inverting
input connected to Vi, which may be set by a resistive divider between the power

supplies. Equal resistances Rys, R,¢ are connected between the inverting output and
an output of amplifier A4, and the inverting input of amplifier A4 and the output
of ampliﬁer A3, figure 13, respectively.

As the out;;ut of amplifier A3, figure 13, is Vp¢ - V|, and amplifier A4 is
using Vpc as a virtual ground, the output of this amplifier A4 will be Vpo + V,,
providing a reference voltage greater than V., symmetrical with the corresponding
reference voltage less than VDC _

By using this circuit to supply both positive and negative peak detection
references Vi, Vpp. a resistive divider may be set up between the outputs of A3
and A4, to supply each of the required reference voltages. This may advantageously
combined with the function of resistors R... Ry,. _

Figure 15B shows a circuit allowing all required threshold voltages, Vg,
Vo V7 2eVae, V21 Vo, 10 be obtained from the two peak detection threshold

‘values Vg, V. Circuit elements which are identical o those of figures 12 and



those in figure 8 have simlar reference nunbers. As in the previously
described inplenentations, a half-wave rectifier conprises diode Derr],
resistor R4, node 22 and capacitor C, respectively connected in series

between the live line L and the neutral line N. ‘A three term nal regul ator
X1 has: a ground input connected to node 221a voltage input connected to
the neutral line NN and a voltage output connected a node 68. Two resistors

Rlerr], Rerr }aArtmveodcmMaédeﬁemmrsvmolseﬂ/\ﬁm resistiveadivider cbmpelsinglmsmmd
node 22 respegtive The, t resi har e cammon_node, 70. A

resi stor R[erfyr ingd%dﬂn@é’tsé‘?f Q%éenﬁ ﬁ’égﬁ‘?ﬂf’@ a%%ﬁ“ﬁ?@?@d%‘“’f ¢ suppv
resistor Rierwj @mgﬁﬁmaZv Z%D?écdidoféglsﬁ{ré? [didider @efvotR, cobgi@sing! ﬁdﬁt&[ R;.;]

node 74 and resistor R er are respectively connected in_series

bet ween node aedeana, resitorityy; Hoge Sinsaistardia; nsle X msistor &wmodaéﬁalrysmor

Connect ed To Reudors, o 8nd §5fof Roe K siifrech POpea bt OB ricets . o

AS is connect Ad ﬁe@pé@d@lﬂn tBOdirst ReBtive dRiddr Gesistost R Qf RASjdisthe perfeghatet o
node 74. A si anplifier and voltage shifter 76_has two |n%Ats each

connected to @@Qﬂmftl’eélﬁtqliézﬁnd figgre tReand Qnﬁmgnﬁm iRy afd Riolt Ryet Rio

i odes. 7{ or ) 5, B fUibvaiRl OF Vpce s BBt e 50 Hir biaehplf EE 1
and V[err], rpfeesig it of Resplifierr 44,Rbieile hodid 2 mhaitidi theacorestt voltagél ¥, lak as

current, and are chosen such that the node 73 between the zener diodes is
at the DC of f discussefitabgEe ] err]. Nodes 72 and 74 are then heI d at vol tages

greater and | ess th eV, espeqyal wWn
vol t ages of the zenéer cf’Pogg %Fﬁ&kﬁ %&er,r q’gé%gg?ll\}éﬁ’% é3’ m‘rp?{”r-%itaelé?g

" AS, A6 each ppmdlufee&rém@fwoitﬁgasl(wsgaﬁd ; Vol agd VAt raddéd 62xs4evs, ahe
voltage at node 72, or falls below the vo tage of node 74, respect|v7l'

The voltage aVzR3d@desS6<00) are syametrcal abeay Y pcaandiiheveliage 2t Bp @98.&equal

enbodi nents o Vel ut
vol t age, suppFl el%e%b%%g;d Ser| e?ct%%ngcuﬁggkﬁg?{o%f ﬁﬁfﬁbﬁfhﬁﬁl&{ adg@g%gig{dgpm
of fset vol t agR@/M,r R, ogethée petfprm the fanetiomdf Ryyipl figtate 13 ARAndtresistogh RE? .
The di ode D5, ?éas‘tor R4 and ca am&%?{i C function as described for other
enbodi nent s 0321: e I figere, B34age across capacitor C
Thi s DCvoItagels I f
vol tage. for oxam 5 gy/o?}t@gg ¥re %ﬁ#et‘;ﬁg %ésxde\éhl‘?ﬁéd is theflSofRectdl 18 alrefiliive
voltage comparator to allow peak and zero crossing detection 10 be carried out, as

described above.

Figure 14 shows a third embodiment of a DC voltage supply circuit
according to the invention, using discrete components. Again, features similar to
those in figure 8 have similar reference numbers.

As in the prevmuslv described implementations, a half-wave recufier
comprises diode D, resistor R,, node 22 and capacitor C, respectively connected
in series between the live line L and the neutral line N, A three terminal regulator
X1 has: a ground input connected to node 22; a voltage input connected to the
neurral line N: and a voltage output connected a node 68. Two resistors R,, R, are
connected in series berween berween the live line L and node 22 respectively. The
WO resistors share a common node 70. A further resistor R;is éonnected between
the node 68 and the node 70. A resistor Ry, 2 node 72, zener diode Zpy, node 73,

zener diode Zq;, node 74 and resistor Rz, are respectively connected in series



line N voltage. The AC input voltage V[err] is hence scal ed down and

vol tage shifted, allow ng detection of both high and | ow peaks, gaining the
advant ages descri bed of full-wave voltage sensing, in an enbodi nent using
di Screte conmponents. The signal anplifier and voltage shifter 76 produces
gate pulses to the triac, T when no out pu2pul ses are produced by A5, A6, -
I ndicating a |l owrange AC i nput volta and so enabling voltage doubli ng
rectificati ohetwata uodamSaggdm@deeang‘m SPTIPRTaIgEs ﬁ@ett‘g5 ihave._PQer supply

Chocati ng. o Ciustogs O aEReRD i iR .48 A 28 A Mo el il BE LS 58
rectificati ogosmsited So 588 70Fa§w gn Yvertihg ieputhet A6 Agaave&mgnhpw of 5 ist

node 70. for |owrange and _hi gh- 23 range, AC i nput, vol tag efsi
respect i vel yconngcted 50 aada@2; and e non-inygEing:input of &9 isycopregeddemodsy & ]

and conpared with N P r [ S
P3, P4 of conpar atorggg@ﬁé%@respecélfat\%gls%ﬁ%oﬁe%ptg{]dkpuwé%m% Jf{tggg{)a
i nput V[ er r] aR cigpet 65SAS hedadé.olessigralgamplifiémand volelgeahiftert 76 hiwarc ontpuo!

circuit. However, the enbodinment of the invention using discrete conponents
does not i ncCOBREGR 10 2| 5288 IRptfdrideer functions included in integrated

circuit inplenent ag»h%% elzﬂ{b%res@'vp bg&atiﬁng 'ﬂ%ﬂ?&ag?}éf“%ﬁgi’ﬁ g of

around [err] 10% SO nay pro €Ss accura age

than other evdindijs r@hpecnvd:lgd{esﬁnersdﬂﬂi R&ps\qul\datmqmimdesblaatundnc aﬂd by
provi di ng "dual cycle" detect 'F det ection durlcﬂ bot h pgm |ve and
negative exc@#&ic ggen 8—?‘: ¢ fhat ?ld’@de 3 hetween; the Aengp) %b% iseatdhe

e g e ek oo o g N
AC peak to peedpem%ly,ggsvoimgebeqaaictorthadnednﬂm voltages ef ﬂmmndrehlodeslz,q.ge
Vol tage Sensim E’e%?vs%a Ty FmpRBRTS S AF Fefla PTOTHPE P GRIP! HEEBAPE on
?]:af Q?e\r/\glet ? g‘%?kﬁ Si n Bge ?;?(r:] e?@{‘ﬁ:&%ﬁ%ﬁk&%ﬁ%ﬁﬁ%ﬁ%ﬂ%&&@?c et‘}i'%lt ageegtfi on
schene are O\nededpieresplbcmwely HEhalvaltagesatarodecY®isna bampositevoleage as discussed
| nput AC vol tf S other em%odxments of the invention, being a scaled representation of the AC
input voltage, supplied by the series connection of R,, R,, added to a DC offset
voltage V. provided by a DC current supplied by R, through R,. The diode D,
resistor R, and capacitor C function as described for other embodiments of the
invention, to provide a DC voltage across capacitor C. This DC voltage is regulated
by X1, to fix V, node 22, at a fixed voltage, for example 9V, less than the neutral
line N voltage. | | |
The AC input voltage Vi, is hence scaled down and voltage shifted,
allowing detection of both high and low peaks, gaining the advantages described of
full-wave voltage sensing, in an embodiment using discrete components.
The signal amplifier and voltage shifter 76 produces gate pulses to the triac,
T when no output pulses are produced by A3, A6, - indicating a low-range AC
input voltage. and so enabling voltage doubling rectification mode of an associated
doubler/bridge rectifier - and suppresses such gaté pulses when output pulses from
t AS, Ab.are present - indicaring a high-range AC input voltage, and so ensuring that
bridge recdﬁcatiop mode is used. |

Figure 15 shows the volrages V,, \- * at node 70, for low-range and high-



a baseline at the zero volts level, the circuits of the invention may
equal |y be used with input AC voltages with non-zero baseline levels, wth
sui tabl e adj ustment of resistor values and vol tage threshold | evels. -
24 - What is clainmed is: 1. A reference voltage generation circuit for
generating reference voltages at a fixed voltage with respect to a varying
vol tage including a reference voltage generator generating a reference

vol tage which is constant with respect ta3 ground vol tage, a voltage

mul tiplication circuit for nmultiplying the reference voltage by, a

pr edet er ni nga@ngeAC inpylt ¥oktagesy @spwvsg@ Thesealed AC it valtageis %tffeﬂeby DC

et or ence voiEhe wer opReis il HEOTRRY R 1LY MRS H, Voo, e

varying vol tagpuisSP3] P4 s eomparatersSAPPAS, Mepéaively, @otresparid ma thigiBvolkage
reference valtage generation circuit according to claim2 wherein the

vol t age nul tinpRY ¥af.i Briemoras the allaweadnrange fof dAPRY YQItageS 59 Ehe) FORITIeGrqit. o

firt operational Lfie | ' | 3 ] j rst
nput and the ref angusiiy i bbHodthldiBrind SR wiF dRELE EURRTs Bkt |
the first i mott irvhedeartheufiltetingf atid eothier sfunotensatincladedpin fintegrated r eiscudt | ve
di vi der being connected between, the supply vol tage and thetﬁ%rou d VOlcf age,
with a node Hple@sntations. #ererdiods baeslsffqmvvlﬁﬂ% € 3hi01§Tancs ob3EruRd Enal

anplifier. e k8 NV BEdAEE ner.at.i k- C L C%‘&f&%hﬁ&' L 3 :
further corrgquq?i r%hagge]gI%Xdﬁ%peratI?%naca%H%p%]i%agryblﬁéhQ%E eedbac rdgglé?stor-
connect ed beimbedinents dsscribedut and t he out put, a second resistor connected
between the first input and the output of the first operational anplifier,
and having a second input connected to receive the varying voltage.

The additional data points introduced by providing "dual cycle" detection,

i.e. detection during both positive and negative excursions, of the range of the AC
input voltage lead to more efficient detection of the voltage range and more
efficient filtering, applied to the whole cycle.

By using the method described, even the highest AC peak to peak voltages
may be accommodated within the permitted voltage range and hence subjected to
the full wave zero crossing detéction and voltage sensing described. This results in
faster, more reliable detection of AC voltage level and hence many of the
drawbacks described with reference to the single cycle (i.e. one excursion only per
cycle) detection scheme are overcome.

' While the discussion herein has referred to mains input AC voltages with
a baseline at the zero volts level, the circuits of the invention may-equally be used
with input AC voltages with non-zero baseline levels, with suitable adjustment of
resistor values and voltage threshold 'levels.



5. A referencevottage generation circuit according to claim1l wherein the
ref erence r is a bandgap voltage reference powered by the
suppl y vo”!mHﬂﬁamﬂlImEMnect ed to an input of a buffer anplifier, the

out put of e buffTar anpkifier providing the reference voltage 6. A

ref erence voltage generation circuit f-opggenerating reference voltages at a

fixed value with respect to a varying voltage including a fixed reference
current generator geng gaigehing currents through two series

portions of one ci rcu ugg ortions
including a resisti veq e‘f\e{?g# a{%@a‘%&? \?\ﬂ% %’sgerl &s portions being
Mw

connected to recei v& pﬁ&’\%l‘! t%er @f" age generation
circuit according t¥apNRg rﬁ@aﬁhe‘ ReR) ‘(ﬂhﬂg gﬁeﬂmerl ved from
the supply vol tage generamamfeumceﬁoltdgenﬂhehmmmtwageemderatlon
circuit according te @ mﬁna vﬂﬁgeL A yoltagd mmu hduu@ﬂcﬁmﬂmﬁm ses a-first

transis- torfof afh{ refottice Vol bz?ign [],daflrﬁt
transistor o asec tween the
supply vol tage and [%x xed vl 1'e "e%&ﬂ

ettmg e oltage by the varying voltage.

2 A reference voltage generation circuit according to
claim 1 wherein the varying voltage is derived from a supply
'voltage to the circuit.

3. A reference voltage generation circuit according to
claim 2 wherein the voltage multiplication circuit and the
offset circuit are provided by a first operational amplifier
with an input resistor connected between a first input and the
reference voltage and a feedback resistor connected between
the first input and an output of the first operation amplifier;
a resistive divider being connected between the supply
voltage and the ground voltage, with a node thereof con-
nected to & second input of the first operational amplifier.

4. A reference voltage generation circuit according to
claim 3 further comprising a second operational amplifier,
with a feedback resistor connected between a first input and
the output, a second resistor connected between the first
input and the output of the first operational amplifier, and
‘having a second input connected to receive the varying
voltage.

5. A reference voltage generation circuit according to
claim 1 wherein the reference voltage generator is a bandgap
voltage reference powered by the supply voltage, and is
connected to an input of a buffer amplifier, the output of the
buffer amplifier providing the reference voltage.

6. ‘A reference voltage generation circuit for generating
reference voltages at a fixed value with respect to a varying
voltage including a fixed reference current generator gener-
ating matching currents through two series portions of one
circuit branch, at least one of said series portions including -
a resistive element, a node between the two series portions
being connected to receive the varying voltage.

7. A reference voltage generation circuit according to
claim 6 wherein the varying voltage is derived from the
supply voltage to the circuit.

8. A reference voltage generation circuit according to
claim 7 wherein the circuit branch comprises a first transis-
tor of a first channel type, a resistive element, and a first
transistor of a second channel type respectively connected
between the supply voltage and a ground voltage.



