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requi res that the ‘equi pment nust be r use on
voI t afe r alegign and production and to allow equlpment to be portable between countries

other than where originally purchased. This requires that the equipment must be
adaptable for use on both voltage ranges.

The simplest way of achieving this has been to associate a manually

operated doubler/bridge switch with the equipment. The operator will set the

15 switch to the correct position before applying the mains voltage to the equipment.

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

Four diodes D,-D, are connected together as bridge rectifier. An AC input voltage

Vi s 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

20 of D,. Two capacitdrs 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
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conventional bridge rectifier with capacitors C;, C, to 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 reciifier circuit of the known type. Diodes D, D, are
superfluous in this mode. This is the voltage doubling rectification mode.

30 One major drawback of the manually operated doubler/bridge ~w1tcn is



An automatic doubler/bridge switch circuit is also known, which
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An alternating voltage is a voltage which undergoes successive upper and
20  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
25 voltage 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 pulses.
Voltage reference sources are also built into the circuit 1o set the voltage reference
points of the comparators. Means méy be provided for generating many triac gate
pulses per half-cycle of AC mains. to ensure efficient wriggering in the presence ot
30  noise or disturbance on the AC lines. Filtering circuits may be included to remove
such noise or disturbance from the voltage used for peak voltage detection.

Such integrated circuits are small and reliable. The cost of an automaric
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respectively connected in series between the live line L and the neutral line N. Two
20 resistors R,, R, are connected in series 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 vbltage 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’,
25 input voltage, Vy, 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 Ds, resistor 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 voltage for the circuit.

30  Iris at a voltage V. less than the voltage of the neutral line N. (For example, 9V
less as fixed by a regulator within the conirol circuit). The AC input voltage V|

is applied to the potential divider comprising resistors R,. R.. The composite



where V, and V, denote the instantaneous voltages at nodes 2 and 4, respectively.

20 lkower excuggi ons, spgct iwvel re and | ess positive than a baseline
vol taae, such Vix —basylgi'n V0 ‘t%ggsgei ng the time average of the

al ternating vol tage.= Fov,a VRI-NY/, - V) alternating voltage, the baseline
voltage is at the ground (zero voltsy |evel. The automatic
vol t age sensitive svii t cfYaci YeuiYcdescribed in the patent is a circuit
cont ai ni ng sevegral tage coRpargtors: these are used to detect pe 25
vol t age val ues %“i%ﬁ#’%%e a gi'ng“‘l nput AC vol tage of the higher renAge,
and to Also,det ect baseline crossing points to give timng information for
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of AC mains to ensure efficient trigdering in the presence of 30 noi se or
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Such i ntegrated ot r Gui t Ra6Yew dndidd and reliable. The cost of an automatic

3 vol tage sensitigve, gyutch Circuit is reduced by reducing the nunber
of conponents . 1 2 _
15 Hence, both the scaled AC input voltage and the DC bias depend on the

values of R; and R,. Their values are chosen such that, for DC supplies of 0V and
9V to the control circuit, the peak voltage of V,, 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,)=00177, and the peak voltage for a 264Vrms
20  AC input would be 264 x /Z x 00177 = 6-60V. The input voltage to the control
circuit Vyy would be an 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 V-06V
by input protection devices in the control circuit 24. The DC offset of 0-16V means
25  that the baseline of the composite voltage Vy, is at 0-16V, and baseline crossing
points may be detected, inéluding hysteresis, by detecting when V,, crosses 0-05V

and 0-25V, for example.
Figures 3 and 4 show example input and output signals for the known
automatic voltage switches carrving out comparison operations on the input voltage
30  described. A scaled AC input voltage Vi is clipped by the input protection devices
to remain within the range R, to obrtain a measurable composite voltage Vi, A

pulse PD is produced when V,, exceads a certain threshold voltage V. Pulses CS



crossing points of Vi, and hence the mains zero crossing points.
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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

25 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.

Circuitry built into the control circuit 24 verifies a change in the apparent

30 voltage range for at least two mains cycles before changing from bridge rectifier

mode to voltage doubling rectification mode, so as to avoid the possibility of



which lie within the range R.
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cycle of voltage far exceeding the device ratings, e.g. 480V DC, being applied, as

15  the DC output voltage will become double the AC input voltage for one whole
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

20  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

25  integrated circuit, and therefore leading to a complex and expensive solution.

Automatic voltage switching circuits also exist in discrete form, whereby the
circuit contains a voltage comparator, with one input referenced to a zener diode,
to detect 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

30  required.

The object of the current invention is to provide a DC voltage supply
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6V . . . .
to supply a composite voltage to the voltage detection circuit. It scales the input
alternating voltage and shifts its baseline by a preselected DC bias, in order that
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
20  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
25 detection circuit indicates the range containing the applied alternating voltage. The
rectification circuitry has a number of modes equal 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 circuitry may be included to detect the times
30  at which the input alternating voltage crosses its baseline; and the rectification
circuit includes a switch, e.g.' a triac, for selecting the mode of operation. The

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



to the voltage detection circuit, while the scaled alternating input voltage may be
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therefrom independently of the variations in V. Accordingly, another aspect of the

15  invention provides a voltage generation circuit including a reference voltage
generator generating a reference voltage which is constant with respect to a ground
voltage, a voltage multiplication circuit for multiplying the reference voltage by a
certain multiple to provide the fixed voltage, and an offset circuit for offsetting the
fixed voltage by the varying voltage.

20 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 Vpg. A second operational amplifier has one input connected via a first
resistance to the output of the first amplifier and another input connected to

25 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 multiple of the reference
voltage Vgg. The first and second resistances may be provided by a resistive divider

30  newworkincluding a set of nodes connected between the output of the first amplifier
and the output of the second amplifier, whereby a different required. voltage

reference is available at 2ach noda.
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circuit of the prior art; '
Figure 3 shows input and output signals of the circuit of figure 2 when
20  subjected to a high range AC input voltage;
| Figure 4 shows input and output signals of the circuit of figure 2 when
subjected to a low range AC input voltagé;
Figure 5 shows input and output signals of a circuit according to an
embodiment of the present invention;
25 Figure 6 shows a circuit of an automatic voltage sensitive switch circuit
according to an embodiment of the present invention;
Figure 7 shows a current loop diagram of part of the circuit of figure 6:
Figure 8 shows a circuit diagram of an automatic voltage sensitive switch
circuit according to a second embodiment of the invention;
30 Figure 9 shows an effect of a drop in supply voltage on the detection of

voltage levels:



volitages used in the circuit of the invention;

_ e O _ Vierr] t
the alf bwed 1 angg 2o 12SBORE S cilMie s shE ehndraBpf RSBt G IS, i of e

supply vol t ages. Figurs 18Ishowsahether circuitdoy thEogeridvation bf eéfeb&ideordliagss;
measur enents on Lhe oihﬁr excyrsion per cycle of the waveform in
this exanple, theEHEYaPs \?Eo\él%gmqud#.cultry or the generatiorppf refignenge poltagesi nt o

the control circpy et ol e.n- voltage range
for at |east tV\DPi#gIr%ngg{xé\kS/?%e Bg%ﬁjc% a%lgélhﬁ%@ﬁ gl%)geﬁgéaet% (r?legf ir? I%eég&%

nmode to vovaltages.dootiponatingtite ¢irartry of fivnes, 13and33A9 avoi g t he pOZSi B: lity
of . © e g ) | .. loubl i ng
a hi gh%range Ac Fignie 14 shewsa cirenis diagram effarjayemagtic xoltags sensitéve swjech

A, ompor al i Gécok iigte! e Wbl R MG Gt Lo reduce the

effects of glitches, sags, spikes and voltage'surges. This is only
active on input Figureidsshows inputtendhoutpet sighais of the ciramigef Rgurd 14.

The limtation which is inposed on this circuit, in that it can perform
filtering and voltage |evel sensing on only one half of the AC nains input

si gnal r eSPighfe 5 MIReMEAhe BFRILAGK SE the circuit of the invention. Two cases
are illustrated: one for the case where a high range AC input voltage is applied, the

15  second where a low range input voltage is applied. Scaled AC input voltages are
shifted by a DC offset voltage V, to produce composite voltages Vi, Vi An

upper threshold voltage Vpy and a lower threshold voltage Vp; are defined. The
allowed range R of input voltages to the control circuit is shown. When a high
voltage range composite voltage Vg, is applied to the circuit, positive peak

20 detection pulses P1 are produced when the composite voltage Vg exceeds the
upper thresheld Vpy, and negative peak detection pulses P2 are produced when the
composite voltage Vg falls below the lower threshold voltage Vypy, 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

25 Vams Vg crosses the baseline voltage of V,,, whatever the level of the AC input,
using comparators set o detect the crossing of the baseline voltage for the
composite voltage V. Vy.. When the AC input voltage has a baseline at 0V. the
baseline voltage of Vy is equal to the DC offset voltage Vpe. In this way, timing

and voltage level information may be gained for the whole AC cycle. When peak

Gl
<o

detection pulses P1, P2 are produced, no triac gate pulses are produced and the

triac gate voltage V5T remains at the high (inactive) state. For a low range AC



pulse £(L. Hysteresis may dbe included for each peak or baseline crossing detection,

Due togsth | 0 ,
thereosl S &egﬁtégglsﬁe{a?kéfwﬁ eg?t?@ﬁ ng %\&%gfegé gb@t&fes%rlﬁrwﬁa esft lﬂge%i ns
whi ch may il requieeo dueshwdsaforwmhmecbtmncurm on of the AC i nput .
Turn-of f to non-doubl i 1}% de_wi | | ur until ,the next baseline

crossing after scRSFRIL arémﬁe@ﬁin%e DC ?)@W‘% HW ermpesiedvaltagss.sYan of
th t %C | hi
cagaI(:ln!to grs\%&%ﬁcﬁoé{" Cgllr%(kj%'y %ﬁ?&og% .E%Hgﬁgp?sglb})enA@ (é{ﬁ ﬁiaé‘l ﬁosrﬁﬁPé?{e ' o

cycl e of vmdltaggé!&,@nsm(h}eM|oogtmheirciﬁt/hesamhm thgallowed radfOR f0Xits betireg
applied, as 15 e DG outpuf voltage w Il becqnme doubl e the AC input

vol tag(g fo‘fycllﬂ’ug eﬁk&eéectlon Cagéb%@ ge pe?f%rmed durmgobqig,tlpq]gpﬂgy%anql RES3HVe eri ng
descri bed hgf pRlebf afel A¥eingar.hal f the wave, | eaving the control
circuit vulnerable to damagé caused by such transients on the

unsensed portionThé reqereCDOmifsenaokageTd¥ pdaney behelstintell by pessinga Dave
been 20 t ol erat gd. Aut.omati c, vol t age i t ches using the

ot ect i on GRTSHOPE Kaowny yalie braial 2 HRHe TEFSiAREe 450 Mukiae wabte. 4 al so
known, forg ehéTedBAAE ipdpchrid) Wﬁ]pﬁtreﬁ%s&ﬂtﬁﬁﬁﬂl fthe ‘tf@ﬁaﬁn?%ﬁpu@“t

t hese have the di sadvant age of requiring additional tage

di odedy snwaltageng capacitors and power resistors, whi ch cannot be |ncI uded
in an 25 inte ated circuit, and therefore, Iﬁadln t.o a co

expensi ve sol utio® € 6 shows an automagif Y{taee sWirgh caRECk e it Aces ‘Jéilq’ Tﬂﬂ s al so

exi st i n dageétivdiiion THRRIreY id sﬂﬂmar to that bf ﬁgmte 2%&3%irﬂﬁaﬁfc¥ﬁir&§§ﬁze
corrpar at or, with one i nput referenced to a zen di ode. to det ect

rectified smilesaefarene \bahedag%srealbmreRa it placadnbearppen the nasee?6 tandetiieol d.

SEI ggfsl Cﬁg%%élhgpéeneg é O‘quhgnc%n%roﬁ c1rcuxty30t 1ncP1{ 4 rexctliér{saacdcﬁ? E)r?alf tlorI ng

20  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 Via.
The AC input voltage V| is scaled by the use of a resistive divider R, R,.
The resistor R, is included in the circuit to supply an additional DC current through
25 a part R, of the resistive divider in order to increase the DC offset of the composite
voltage Vy, to the control circuit. Such DC current is conveniently supplied by the
DC supply V to 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
530  voltage Vpc equal 1o the average of the supply voltages V, V, of the control circuit
30.
Prefarably, a DC offset of Vo/2 = 4-3V is required for V,,. to place the
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di scree  currencdsTdeained EthrdM&h| R; Rmn@vmpeffwwm:rﬁi:@m@vm%gé aRiles ng

the circui \EP cost and I eX|f The inventlon provides
vol tage le SFW%%QIen\jssélQH%ﬂga the Wrﬁlllmé vohage vV, Weeldgrefore reguirecthat:es of
the AC mains. This is achieved by adjusting the DC of fset of the

conposite voltage, in order to bring the total conposite voltage within the
limts defined nghe R, suppl y Wol t ages, for the whole cycle of mains AC
and al | ow voItWel detection and filtering of the waveform over
Its whol e cycle. + cording to one aspect of the present

i nventi on, =VR| tAg o circuit is provided for rectifying an
alternati ng?vrg’lct age °an§ sftlu;p?pl ¥§% a DC out put
10

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, rgpresented 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,

15 back to the voltage source. A current I, flows from the voltage source, V, through
the resistor R, and into the V,, 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 Iy which is of very small magnitude,

Vu = Ry§;-L) -[2]
20 Vin = Vet (I, -L)R, + IR —~[3]
Ve = LRy + (-I)R, ---[4]
from which it follows that: |
Vix-Ve = LRy + Ry + L(Ry) —[5]
Ve = L(-R) + L(R, + Ry ---(6]
25 Substituting into equations [4] and [3] and using units of volts, k@ and mA,
for the known values of V=9V, R,=R,=18kq. it follows that:
V-9V = 1,(1018) - 18L, —{7]
Y = -18I; + 36l, - =[8]

Multiplying the terms of equation [7] by 2 and adding with equation [8], I, is



10 test the resuli, the peak voitages which appear at Vv, are calculated, to make

vol tage atgge %hM@?}li;';%anQH@?E?rﬂhté@%a%@e, BLiah b%@y/ééﬁ §4fd W%férgxic{enui t

i ncl udes: rec ication Circurtry Por reBtifying e al’'tern g

vol t age; aov¥ltage detection circuit for detecting, wthin upper and
| ower lim eak yal ue sai d exgursions for controlling said
rectifi cat-hi‘#’ E‘Prr ?:t}?lm‘lﬁ;%a”% aélﬁvacﬂcf) B8 ¢pefradon §lit. The voltage 15

shift circuit is arranged to receiyeztggs@igier nati ng voltage as an input,
and connect ed to supply a conposite vol'tage to the vol tage detection
circuit. |substtiting thiscinionpquation [8] giteser nat i ng vol tage and shifts its
basel jhe by a preselected DC bias,, i der that t he excursions fall

ino

within’the upper and lower |imts go"tQ'u 5 By vol tage detection :
circuit i sFroReeabhton R]dRtBAbWRER: val ues of both upper and | ower
excursions. |If the 20 i nput alternating voltage has a baseline other than
at OV, the baseline voltage will Vy = hE%Vbe scaled and included in the
scal ed alterpating.} nput voltage. The conposite vol tage i s the sum of
the DC bi & u?/&f’?‘é%é}%%f{ ?Vhtgu% B%ff%%?tf:@rfngg?-ng i nput vol t age.

Such a DC vol t agginfilipBAl¢ulakib&sHdr th@hdeendHasiva Mstanth i iﬁﬁut'v%ﬁ%e,%n

di stinct ranges of Values of the alternating voltage. The outpul of the

vol tal;se 25Vin Sded8M BigeS circuit indicates the range containing the applied
alternating voltage. The - recty fi_(_:gt_' circuitry has a nunber of
nodes equal to the nunber of distinC¥ T n%‘}e@’ of val ues of the

al ter nat i nguy dklod@the AdtrilendPsieage! aR@VitHin e PErhiiRd @egES i cation
circuitry is selected according to the range indicated. .

Basel i ne” crossi nblif@eassithat dierAGivoliagenill mow be certeed po themiddlet ofethei nes
30 at i t i ernat.i V@l Grosses lts baseline and the
rectifi ca\tqlﬂc?g&kd ﬁﬁgé,n%%%lﬁﬁe ‘F’ﬁ eu"&gls? og tégmg%e% ﬁnP‘li‘Yjﬁ sééytﬁ@@, thf’(??lbg'gaecti ng
the rafde afanggewish swirably bkosen resistopaaRies er REIRG R OWih Eilinclukionsoftthen used

to generate control signals to the switch. i
resistor R, the scaling factor for the AC input voltage is:

R,IR,.
R; + RyIR,

Figure 8 represents a second embodiment of the invention. The circuit is

25 similar to the circuit of figure 6, and similar features have similar reference figures.
The alternating input voltage Vy 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 voltage Vy, which is less

than 9V peak to peak. For example, by choosing C, = 0012 C;, the impedance of

30 C;will be 0012 times that of C,, and the voltage across C; with a peak voltage of

264Vrms mains voltage will be 264 x /7 x (0-012/1.012) = 4.1V, Use of the



CLLLL, dlld pTovides a L ollset voliage or V. 10 supply an otiset voltage equal

8 T | h Th
5 ThestieGsRtig ofsuﬁnﬁ&oss v Reltas Ogteeer /gé‘slsza\fs R! R s{ Bé%‘ftaﬁx e

rectification circuitry y be a ge r8cts
nodes of cspiehvalye The required presel ected DC bi as may be

derived from DC he voltaedetec on circuit,

while the scal edﬁi‘{)g%%ﬁa?li &?WUYM\F&PPE\E% tonthe ent %1 C“%‘b%éﬁe thesy a

resistive or ca It&ve @) v r $+netgwr | aced between the alternatihg

i nput vol tage a%one ofiheVg—]\sco.l- a%fdgt-gct ion circuit supply voltages. The

DC bi as i s then séledt s by n-t-rlﬁg ling the DC current through one of

t he gments of | stive div age

det e?t i on ci rcw#reﬁef 8?@&6’9@%?&[%5 cogtr&?ﬁ}ratptla{,e 8V (s %‘b‘%&}e(\yg the

conpar at orAC inpeevyltaie must be akaled vyl cy@tﬁﬂﬁudft%@feeﬁq%% &ﬁthﬁJ dagSaondi ng
%

to a threshol d to be detected.” I'h one enbodi nent ent1on,
the refer @§8& and e\ﬂéﬂﬁ%ﬁj@sbﬁrae%cﬂffsdéwohégbé)y Bs,vBl;tsages whiprbduceaaks t he

basel | ne ool & BRAR Ve, whose Rl :308y. BELIE Rl LaD! Gyvolt g, e

ref erence Vol'tage renai nih

[ ndepender]idsmvefpdaﬂtas\wgslmhncgr\s in V[err]. Accordingly, another aspect of
the 15 i nventigon provides a voltage generation circuit including a
ref ernce vol t agemilar calculations may be performed for any other type of automatic

voltage switch contemplated for use.

In the two embodiments of the invention described, peak voltage 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

20 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 voltage
reference, suitably amplified, and referenced to a ground 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

25 requirements of the voltage comparators and amplifiers may limit the permitted
range of values of the composite voltage V,, to 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 magnitude of the composite

[F7]
(@)

voltage Vy,, which includes a DC component V., derived from V. Such variations

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



value of V¢ than they do on the magnitude of the alternating component of V. If

2 oround Ve 5 LRS! BETEE HE b ARSInE g, Vo RIS M ghl b cRRR g ©

the ref er edrainy @ft ager boirenits conneztdd ab NtheUkdrh®! BC quptlpVidiad t41go fdaned
vol tage, and.,an offset circuit for offsetting the fi xed vol tage by

the varyi ng;armqragle.V@o Such a circuit may include a first
0B 211 0N, ATBLUhbSerSOHURIBR SRR i g SHLEoRRADS i S

vol tage and a DC ci'ng an’out

presel ect ecefeXénoed so aigntwndippreadel V[ naredadepsrdent 6f 4fy dHaagésihaheRBRage
vol ta% VB% ,g\gaecond operational anplifier has one input connected Via a
cr

first dhunaee upakieded by Ay wariatioas fn this velgee.f This vaiHdupsebthrer

i nput conn ' t bi_as...The second
anplifier ﬁfaegggr?h%ﬁlt% %Stal%gﬁlﬁieﬁclgte‘ééclm\%egﬁ agi {u%aﬁgje%%gﬁc# r?%%‘.‘ Eglrlllgsé toits said
one input. The fFigutre ahdllaswaes thesipsélemesaased. The copiptisie atdlyagedg) -

Thus, the second operational amlifler produces an  output voltage
equal tot F@rﬁ?e@é%ﬁ&Y@EFgB@Hﬂ%ég tﬁlthg copEohfigeHit during aPexiad piphighgangee

e e emasi AT e SR ENIBRE VERR 8 SRR,
connedfed Qgtiyeand négativetpeaks af tites tf |;; 51,,.Bathiupper and lowerpehk derecridput  of
e second_anpl i fier, er eby i fferent required voltage ref erence
;[ 2 avai | agﬂge lolésdg\hmyde.arg 1n§u<9ec£ fw1th o;gnona? addm%nal It};[resgnolds V' Vf'.n_
for hysteresis. Crossing of these thresholds by the vbltage Vy leads to the
production of peak detection pulses P1, P2. The comparison signal CS changes state
every time the composite voltage V,, crosses the baseline crossing detection
20  thresholds V¢, 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 Vpc equal to %V, V,, drops by %24 V.. Due to this, the positive ﬁeak
voltage occurring at time t, does not cross Vo, the positive peak detection
25  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 t7
the thresholds Vo, V. 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
t.; the next positive peak occurs. and hence the peak detection pulse on signal P1
30  is of reduced width, and its rising and falling edges are out of phase with those of
otner cycles. Similarly, during this period of reduced V,, the baseline crossing

points, detectad by the crossing of voltagss V,., V7’ are out of phase with those



voltages from the circuit supply voltage defined by V. V,, is the composite voltage

9 : r j yel y... and accordi ng .to anot her aspect, of the

i nvent ison, 12 lé?%ge%lge&%ydar éﬂf ngg ag%‘ﬁé?%ﬁqg?}#rgﬁl%ﬂpqtrwﬁﬁf HPERsegkd
whi ch i ncl (Nisither dfithebeakiditeitivn GeHdl€PY and P2 pg@diﬁegslﬂges%@%{@éibﬂﬂ y

i dentical currents through two series portions of one circult © ¥anch

at | east omEVHLLEFSES| Yok AT ML al he siusemetic sloubtary bridgesiteuinds vieevoltage t wo

5 ' 1 e e t ' | t c, 1N
Varying vorcaging St 08 BORBCHERAEE 4T e dory Ak fope vt Ve
circuit. Thitops bgantarbo@CAVI-NAk @REssed abovd, fHe' Bhgnh 'hﬁfé’sbﬁm redfucés, ahf St
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channel type, a resistive elenent and a first transSistor of _a second
channd t y 3 theapgative\raak atdhme ¢t adthsdowertreshold Vpliy crossadagad signahB2

circuit an I 1.a0e., 1 A detailed description of
certain paﬁl)tr {)@gclegra %éﬁl (’)Yl RENt §aol?1gf'g%ng§rve°§t3ﬁ?‘ Tt.ns Wﬁ?}‘ﬂ{}‘&ﬁﬁtglx St \Fotltage

her ei naf t erdonbling swdeb eabisinpya vayporarerctitetion in Wid butpef ColeipesfitRe téRifier
acconpanyi Figure 1A shows a circuit diagram of

ng dj agrans. '
a manual d Gﬁﬁvléffg’a@alpag%s Rrobéams may, be encourgeredghiringa tempasatydncresstein the
Figure 1B I r Gy | am t ubl er/bridge circuit in
ol tage dotBeng Vet befte Vel YRl HAMBLALER I G E ithe
ci rcuild di pgrianmahcain aut onatic voltage sensitive switch circuit of
the prior art;

A voltage reference circuit will be discussed, wherein the reference voltages
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
Vpc of the composite voltage V.

20 This is achieved by ensuring that the reference voltages track the DC offset
Vpc of the composite voltage Vy. As for the example above, this voltage may be
%2V . The DC component could, however, be any fraction of Ve, chosen such that
the whole possible range of V| lies within the appropriate permitted range.

The definition of Vy, may be written:

Vy = YaVe + 1. Vi,

where » is a fraction suitably chosen such the whole range of V,, lies within the
range between the nominal values of V. and V, for the highest expected value of
Vi

As the voltages we require to detect for peak and zero crossing detection

30 correspond 0 certain values of the AC input voltage V|, these may be detected



required reierence voltages are obtained. These reference voltages will then vary

Fi 3 s ' cipeult f i 2:.ahen 20
Cubj o0t oa o REREC 2RO P T PReE xfliedd Vo VM. S pE BT ST ©
i nput  and voltape Vi andtie adrtdibdixed voltage ¥, abé gefegeritedfiBithe groundvdlifgt ed to

a low ran I nput voltage; - Figure 5 shows input and
out put sig fﬁlq)pagugg PfcﬁlirFFeé%%‘@rYﬁlﬁgettbe%ﬁ‘)ffespondérf@bdi ment of the present
25

i nventi on;  gur sh a_ci guit ypf an automatic voltage
sensitive switch circuit E)NP %&fﬁr”dﬁ\gm{ 0 gzhg%r-rl'bégr ment of the present

i nventi on; Figure 7 mMyys=av/gcurrent |oop di agram of part off
the circuit of fiqgure 6: ) Figure 8 shows a circuit diagramo
an adomatic voll"tlgb@ Leshaws the reqpired function of; the ypitage sefetiineg cirsuis. Allcond

Gron| DR e oo Yy VoV L SRR B
10 %2V, in thifiegample] @rsnyvethanetloerthef Mot may takelrAg ther veliagy V.

vol tage org/a}igg gtv%f&elsoor} all the reference voltages vary, keeping a constant difference
between each reference voltage and V.. Voltage reference sources such as the
15 amplified bandgap reference discussed above will supply a voltage x.Vyg, constant
with respect to the ground voltage V. This, however, varies in magnitude when
considered with respect to V.
Figure 12 shows a circuit embodying such a voltage reference. A buffer
amplifier Al receives the DC offset voltage V¢, and supplies it to node 40, at the
20 centre of a resistive divider network comprising resistors R,, Rq, 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 1n series, connected also to the positive-most supply voltage
V,, and two n-channel MOS transistors in series QN1, QN2, also connected to a
25  ground voltage V.
A second, parallel, circuit branch has two p-channel MOS transistors QP3,
QP4 and two n-channel transistors QN3, QN4 in series respectively between V, and
V. The p-channel transistors QP3, QP4 have their gates connected to the gates of
transistors QP1. QP2 respectively. and to their own source terminals. The n-channel
30  transistors QN3, QN4 have their gates connected to the gates of transistors QN1
QN2, respectively.

A third parallel circuit branch comprises two n-channel MOS transistors



QINO6. Ihe gates of transistors QNS and QN6 are connected to the gates of

of volg agetréx%‘fﬁbﬁl;(?N3 QN4 res ectivelélg.éx%lglﬁo Jf% ﬁ%‘g@@ggtr%gg&?%&fa?{égﬁﬁ%}ﬁf f o?

drop im supply vol tage~on referen

the invention; Bhe constant curreht getisrator [SpmBesitsieférente bdrreritTeefdBARIGH | ON
of reference voltages; F gﬁge 13 shows another circuit for

the gener i dWOoR-chaRealdrrnsisiens: Qs QN6 “These ‘are each cPngested B3/4 GHTOR!
further ci ﬂlgﬁbf&ﬁh ftr%hsi%%‘?s @3@2@4 %p?%tﬂe ,h%QHgﬁtié/a? hAYRS Tref therefore

Figure 13B OWs a preferre u e generation of refer
vol t ages, flowothpougt thegseicbrd cirtwitbtanchoThisi sgosed citéhiabehntBAonsiéts of four

Figurge, 14 shows a ¢jiycuit diagramof an automatic voltage sensitive swtch
ci rcufq acERASIG 635;331%15-{)1‘}# Mﬁi‘*w&%h gonpgeted e At UsFRNtamérTor with a
Figure 15 L AUt | e circuit of figure 14.
Figure 5 illus (r)gét?@g t{ﬁ{eggg%gfrlgﬁeoﬁﬂsggﬁ{:ﬁéggﬁégmt of the invention. Two
cases ar e The fisstraitcait: braneh fcompirises ansppeh @oeticon, Hhdadingnggnsistoisnput

vol tage is pLied, the, 15 nd where a | ow range input, voltage, is
appl i ed. SQEEE@&C@‘&]W“Q@IR?}%@ ag far as node 4{jandealopier PODKOB COBPEISIAG t age
Vierr], t r | vl enk] el 4 :

t hr eshol dq\l}glrteg;(gﬁ DETRRS, (fat/8 rb Sk KbERElfro o A0 g rangisidiORI1,
al | ontd r sQYy2. Ahef cumentt mibtsagmaptising heamsisndns oQP8j QR1| QP4 QBDwausdNaen a
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composi te dRtémaeind:eEshpRiing sttt ON3, ONRAONA! DNPOAE  WiHent i,
negati ve peak detection Bul sés P2 are produced when the conposite
vol t age VMquahlto dréfeteflovhin thevowerhpersionl of thel fisgeirdfierbranch. Héende; @shol ds
identical current flows in each portion of the first circuit branch, and no current
20  flows into or out of the output of amplifier Al.
The output of the buffer amplifier A1 holds the voltage Vpc at node 40.
The voltages at each of the nodes 42, 44, 46, 48 are then accurately held at voltages
Vpc * Iref.Rt, where Rt is the total resistance between the node in question and
node 40. Hence, by selecting appropriate values for resistors R;, R, Ry, all of which
25  may be adjustable, accurate reference voltages are available for any desired value,
with respect to the DC component Vy. The difference between the voltage at each
node and node 40 is fixed by the constant current source output Iref, and the
adjustments and values of resistors R-, R, R,. If only voltages greater than V¢ or
only voltages less than V. were required, 'resistors would only be necessary in
30  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

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



impiemented in integrated rorm, togetner witn variations Or resistance with

bei ng §1 xedmhdrihite! The ShfrbHt iéll}fcé‘?é}{‘ﬁ%{ﬁgirt%dﬁmé’llsaxﬁ% F&’fﬂ@r erxfrFﬁﬁ%‘?n% mi ns

zero crossing I ndication signa oduces se every tine
conposi t e embtsaayed Reranc¥/[deriakiony[ err] crosses the baseline voltage of
V[err], whatever the level of the AC input, usi ng conparators set to
detect the crossing of the baseline voltage for the conposite vol tage

Merr], V[err]. Pe tlb%kxﬁ@sii‘ﬁéﬂorﬁ\io%igﬁ?lﬁfea?%éc Vg%‘?%i?éﬂ&g‘ﬁ&t cangFlet Bf th'eI i

basel i ne voltage of V[err] is equal age " V|err
this way, tequined functionadity) whith does nasweffer frbor tiretabowe fimjtationgah baddgay t he

whol e AC . 30 .d ' | Pl P2 d
{71 ac gat &Y itedS PRt Aok foSPRiRG i v SvaEble PweE sty SoBaeterry T

remai 0§ at vt Rehibh GAvé hiEéienes of VAl Bis oiffutdoltaye .'\/an%a%ied to the input of
i nput, no peéak detection pulses are produced as t K€ conposite vol age

V[err] crobeffer amplifien &2y dose Gutmyspell alsr be e vobage Mghr dstesistive alividges
V[err], V[err].,active.lowitria e . es,VGI .are produced,. a
cortaln t1RErE SPRABRE BRIt B Reaverides R SRiteR VI8 okt
Hyst er esi sinpRy obﬁn'dib‘%l'd#jﬁg. Aﬁﬁn@&@i‘ﬂgﬁﬁﬁ\h dlrop‘é?fﬁﬁAB% cOhRted b ﬁﬁt&&bhpm

of the buffer amplifier A2, via a resistor R;. A feedback resistor R,, is connected

15  between the output V, and the inverting input of the operational amplifier A3. As
is normal with operational amplifiers, the inverting terminal will be at the same
voltage as the non-inverting input.

The output voltage Vg 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

20  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 Ry3, Ry,
Vi-Vps =V, -V,
R13 : Rl-‘l»

25 Vi(1+ Ry/R;3) -V (Ry/Ry5) =V,
In this expression. the V; term is the DC offset term which must correspond to V.,
and the Vpg term corresponds to the fixed voltage V. The operational amplifier
A3 thus performs both multiplication of Vgg by (Ry3/R;3) to obtain the fixed

voltage V, and offsets V,, by the voltage V. To fit the example, where Vpc =12V,



the output of amplifier A3, any variation AV of the voltage V. will be reflected

5 t@ avQi i Sv.de ti-QN nd provide systeml.evel, hysteresis f,or
triac gt a\éﬁt?xt%)%q%?@ éﬁ%&\?@ﬂ ﬁ%er%'gﬁﬁlﬂ'%fdat%gﬁ?ﬁ hﬁ’lﬁ Bﬁge"é‘ﬁﬁwe&%ﬁl@%t i on.
The scal i ngnaffédted dh&h@n@@oﬁﬁﬁ%‘% plofiding SHe FifeMRISienge VBlthaOI8S,
Vierr], V[err] are chosen su¢h that even for the hi ghest possible AC

i nput, t heWétd enee 10 V. Thelauaper wqltage]of saplifier Ahdés thenefood acamoltage | i es

w thin theyal ran f | entire 10 | e. Peak detection, can
t hen be peP@&%%evﬁqgu??gghggf)ﬁ%%texﬁpp%esviefic_ggn%ﬁ?dw% YEF \yérlaﬁon O Vsycl es
of the AC prgtided that a minimum volth® i eHifRfhddC Qf fegfired Mot 88 rd/doriRy be
obt ai ned by passin current of known value through a finite

: a DC |
r esi stlgnceoa¢r§@oafo%ﬁh@mtw| rgéereneriBG. This minimvnmyoltage mey be aroupdyBe¥nt i al

ith ' o LAS_ i 5 vyol tage. ...
Figure 6 onogeouspot OF affetief A piRbeRRs: dBh B8 fuatiin BEGrovidinect aPHEES o ¢ e
current i nyefetdnes whittevariésomith V5., butrivhivh theintdiat aGixetivallieewRh ragbcsiari | ar
features have sim/lar reference |labels. Aresistor R3 is placed

bet ween t h&beotiélependg afivariations of Yawtral AC input |ine N. The control

CrEY 35, LI OB AR o o Ry, e 8

| evel 16et erdquireddreféregcd odlhagesitiovy &V ,@nﬁﬂg&&in‘g%lﬁmtﬂxﬁ@m i9fuséde
alternating inpui__, .. Vol tage \([er%n. . he AC i nput
voltage V[err] i l%léa’e’d\bi?wWﬁearuéévqﬁlng betfers amplifigr,v usrd to] provide theerr] .

The resi st rdaidaSad d [ FCIH T X bt onal DC
Current ¢ hisctdid soltages B600 o Al BEefBtioht hrlbRiSh P 80 AOChAERARE |

i ncrease t mpubConfidcsed taV pi-hehichmosbé set by a resistive aigdddd Ipgtiveen @hé pewepnt r ol
circuit. Such . DC current IS C veﬁiently supplied by the . DCsuchIy
Verr] to PRPUESTERA rexistansss K, Risdre Smneciakbaimssh taaiinvening RIPWCAIh put

20 an output of amplifier A4, and the inverting input of amplifier A4 and the output
of amplifier A3, figure 13, respectively.

As the output of amplifier A3, figure 13, is Vp - V,, and amplifier A4 is
using Vp as a virtual ground, the output of this amplifier A4 will be Vo + Vo
providing a reference voltage greater than V., symmetrical with the corresponding

25 reference voltage less than V.

By using this circuit to supply both positive and negative peak detection
references V,y, Vo, 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 funcrion of resistors R.s. Ry,

30 Figure 15B shows a circuit allowing all required threshold voltages. Vg,
V1 V7’26 Ve V2, Vo, to be obtained from the two peak detection threshold

values Vo, V. Circuit elements which are identical to those of figures 13 and



node J4; IesiStor Ingy; NOdeE O0; TESISIOr Ny, 1I0AE D0, I'SSISIOr K,,; NI0GE OV; resistor

voltags fymgg%a% 62 ahdReAyBAIR,; YOUSreRfedd BérfeelhBE Lluftie of WRRITHIAS) T Ul T

C Re the resistor err] is preferably
such as t oAdctespeaivalyDdn bhe fir@0resistive divader, Msistods RguR|, jomtiyhperdorn dlye of

t he supply_.volta Vierrd, .V[err ft ontrgl citcuit _ 5 30

Pr ef er abl y,ﬁmrfuB&g(g?rFéTtorc#m\?f‘ ;219':3"5{%(/ f gr@t{u‘rr o 13 Ry & B]B"fglfpl ace
the , the required value of Vy~=1V, is obtained ﬁt node 50 f?r biasingl ¢he ,noR-
conposite voltage V[err] at t7e m&pm nt of the allowable range, with a 9V
suppl y to inverting riput wf tangulifiqrrAd,i witite node 52 meaintainsy thetdomrect npltages ¥l asge

has a Qasel i ne o& . The DC offset is the value of _V[err] when the
AC i nptit veisFassed apeye = ov | f, as discussed above,

Rlerr] = 1M err] 1k fcohd resisthkditidel, byXineg R, g R], & RYORNL Rf =R3,, each
current is drained through Rerr]; err] and erf] etfectivel yforma DC

vol t age di paigef reference tage&ﬁVmenE%\ﬁu}/'mlané ' ared nodes 0334,V / 4 amd

vol tage V4VZ nto.'a%g %E,Oé(ﬁ are %%t}ipﬁtabout Vb and the voltage at node 58 is equal

to the DC component Vpo as required for proper biasing of amplifier A4. Resistors

15 Ry, Ry, Ry together perform the function of Ry in figure 13A, and resistors R,,,

Ry, Ry, perform the function of R4 in figure 13A.
Each of the reference voltages described is then connected to a respective
voltage comparator to allow peak and zero crossing detection to be carried out, as

described above.

20 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 previously described implementations, a half-wave rectifier
comprises diode Dg, resistor R,, node 22 and capacitor C, respectively connected

25  inseries 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
neutral line N; and a voltage output connected a node 68. Two resistors R, R, are
connected in series between between the live line L and node 22 respectively. The
two resistors share a common node 70. A further resistor R, is connected between

30  the node 68 and the node 70. A resistor R;,, a node 72, zener diode Zqy, node 73,

zener diode Z.;, node 74 and resistor Ry, are respectivelv connected in series



connected to node /4, and a non-inverting input or A0 1s connected to node /4.

V[err]gx R er r |

R[ orr] 5% Rl er '\ sméal amplfifdr and—voltaaf—shaiﬁ[rer rﬁas-ogﬁ—/lfxguts R[ag j)méecieéﬁoer .
an out;ﬁltgpfrAnS and 6T e sigmed laniplifier candrwnitag shifitedi 78gasanodutphe

reS|st|ve di vi der ' ing circuitry of the circuit of figure -

and hi a
6. A curreRPI§CEFg f0 Pl%q%ggttﬁ% i nput |ines, represented by
t he vol tage sour th i ch
T8e VeREX &10;1%@%82%%&%3& 169 %nagﬂél?gfée{% § trel:‘uc()jn Rhlresh({l&%

represents the capacitor the resist err
to the AC Vp and Vqpesspectively. Resistdr &z | REd sopplyfa zener Idmdedhaagmentuamb

our c40' A B FRGREETER 1af His, S0 0 b o5 ha genen drades bRy D ibapn

the resist %u%eevré Nbdes T2 8nd 1€ aM B hélH%%oRﬁ%\%s@e%?Tah@les%'thﬁﬁ”\ﬁ 30.
Appl yi ng Kirchof f law to the current |oops sho I'n the diagram ad

‘i gnoring tespectinalybycioltages equaduo the hseakdowmnoltages of thetdenir diodes Zagy v

smal[ !2] mzagn 2n, respectlve yeF;hF compagﬁér? ]A§ A(Lq F%ﬁ% ?rociugcf fu]g%quuép% w_ﬁ}ﬂ the

I [err] Rl er ghltage at node 70_exceeds the voltage at node 72,3r falls below the voltage b’f err]
= I[err]R[err% + (I{err] - I[err]) errd]
f r om Wi chnpde {74) respectivedt. ‘The voltage at node 70 ig[acgamhpositg] enltage, as dlscussed

lv% g: H (R e%x] ?‘iﬁSFR%ﬂb-oh%rEF? )oef thh%e [%%x,%(oﬁ]r @F}rﬂg @;S‘iQ[I%‘} FTBresentatlon of the AC | °]

---[6]  input voltage, supplied by the series connection of R,, R,, added to a DC offset

voltage Vpc 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
20  invention, to provide a DC voltage across 'cé.pacitor 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 Vy is hence scaled down and voltage shifted,
allowing detection of both high and low peaks, gaining the advantages described of
25  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 A5, A6, - indicating a low-range AC
input voltage. and so enabling voltage doubling rectification mode of an associated
doubler/bridge rectifier - and suppresses such gate pulses when output pulses from
30 A5, Ab.are present - indicating a high-range AC input voltage, and so ensuring that
bridge ;ectification mode is used.

Figure 15 shows the voltages V;, V;’ at node 70, for low-range and high-



mput V;’. R denotes the allowed range of input voltages to the control circuit.

25 SUbSLI LU a1 0t 0. o A Ten . . f
voltsS kierr] angowstbs, Bt dbBaftiitol il i ingqisGafe dinfdnetil b6es”
Rl err] =R etot] inclddq ethe] filtetingohhdvsthehafunctions included in int¥getéd cird@it =

| 1018) .- 18| L7
9{/er r]( %g%pleme}‘a[t{%gsl {enerzdiode hrpakdown voltages have a toler[an!:e of around =

---[8] ]8(17,6’ :\%Héiﬁ 'rsPl I?ﬂga?%r&ﬂ&e el ciraffYRbk OPoltage MétertiBRI R Igige th

equation [

13 ethbodinsdnes desdribedt he resul t: 2V[err] - 9 =2018
I[err]; I[err] =(2V[err] - 9)/ 2018 ..
---19] To test the result, the peak voltages which appear at V[err]

are cq cul at ed, . et | 431 Rin enm .l

r angel,’j6 bei ng bet%%%agﬁlgrﬁl lgvasél{elgtesrlgﬁ&c)gg&%yb)l i)leovm()di“?/[ @%érl%?(ﬂg ﬁg?etcﬁ&.&m

for a V[ erid. detktidv, during bothqraditivg dml megasive @rciirSipns, of the range of the AC
= Q. ; bsti tuti t hi I nt ti 8 '

'Lerr] OmSEP vgﬁége lead to Srlrjmge Ie% cilerrxltgdetelcgorll nofoth%q\lrjglta{g%nragng]e ac“llrluy ?rsmre

efficient fiItering, applied to the whole cycle.
By using the method described, even the highest AC peak to peak voltages
15  may be accommodated within the permitted voltage range and hence subjected to
the full wave zero crossing detection 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.
20 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 inpuf AC voltages with non-zero baseline levels, with suitable adjustment of

resistor values and voltage threshold levels.



supplying a L output voltage at a substantially constant value, said
10 o 11 sino-l [€rr] = 0.433 mA. From
equation [2], i tvo}tgf,? Se\gplyr%cult comprising:
V[err] = 1.213V, rectification chomitey (DeiD,) fanceoifting antdieerpating voltages ange.
Simlar calculations fqr the nopst nec%atg%?fi n tar](t aneottﬁs inBut v ita e,
when 15 Verr] = &Y0ragg qstgstion circuit (30) for et.ec 1ng, within upper an .ow “
Vlerr] = 7 87V, jimits, pedl'¥8uRE! SFV4difl CexdBtsidm! £dr aﬁnyahhggsaid 20gtiffdakionn the
permtted range. This means that the AC voltage will now be
centred on the mnimditey;@nd he al l oned range, and all the whole cycle
of the AC input wll st wthin.the all.owed 20 range, wth suitably
chosel resi st or val d”e§°&%33 Iii‘g-lF U E?‘PF% 3 SRyt c%‘%ﬁtetd}llméoirﬁ((f?ﬁgi of
tRFgr 111R rerGﬂ Stfferfhig VoltdddCaif 8bimitdPES Qipplpla dodpdifiel Viltage (W page i s:
Rerr] + R err] |fhRvokage detection circuit, the voltaggishift dreupycaliagsaid alismasing

mbodi ment of the,i ti om.. The circuit is 25 mar teothe.cireuit of
flgure 6 and s HARF SROAPEIRS aAselps Py frpredslarBHaCitigt fupch i ordel  ©
The al ternating thapyhe \eRbidftfhs i withisS t1sC abper Rvidt lotver98nié, ¢ cintagiet | ve

divider Cferr], err]. Capacitor (ferr] is chosen to have an_ inpedance

val ueldruch snal Iwpltage deteatipancirdwit isospechbler o, detectppenk vadues oAbOBbLUPRRent of
conposite voltage Merr] which is |ess than 9V peak to peak. For
exanpl e, by chog%q%&“armsp%t 012 Clerr], the inpedance of

2. A DC voltage supply circuit according to claim 1 Whi;:h is operable with at
least two distinct ranges of values of the alternating voltage, the range
containing the applied alternating voltage (Vi) being indicated by the

20 output of the voltage detection circuit, the rectification circuitry having a
number of modes equal to the number of distinct ranges of values of the
alternating voltage, and the mode of operation of the rectification circuitry

being selected according to the range indicated.

S)J

A DC voltage supply circuit according to claim 1 or claim 2 wherein the
25 detection circuit includes baseline crossing detection circuitry to detect
baseline crossings of the applied alternating voltage, and the rectification
circuit includes a switch for selecting the mode of operation, the baseline

detection circuitry being used to generate control signals to the switch.

A



30 Jerr] 2.1 e f.
wth a pea voI téggjg voltage sﬁgé&\kﬁc& ltn% cﬁdéav agleasl\%e V‘%&gg]ggﬁc E’ﬁﬁ% 5 )? vl
(0.01261.012) = détetdon Yseuitfhdshe power supply terminal for receiving a DC supply

14 capaci tive divider err], rr] renmpves any. DC conponent from
the input alter nseltage (V) and wigretisaid Bﬁsim@#@ﬁ‘@lﬁ?ltﬁ@a%ﬁgpﬁ%d as

e bl'aced acr oss it BOBEADRIsP a fesisive pdEF pHHE cHpfpiithe Kicaliey BF 1]
circuit, and pr Oifés@ki‘p‘zeaelXﬁn@xitﬁSeénnthddagﬁméeﬂ/[said]mp“ﬁm ﬁarpprhqemnooﬂieset
vol tage equal 5 to the average of the two supply volta (}e
resistors Rlerr] alteynatice Mol Qgebg oxﬁ) #nd said pOwey, SUPPY| (RS Hinal (Vo the

The cggposite voltage MEHE bPR) §Del Eagctearﬁyr&intfdlﬁﬁg“tﬁe Y icdrrkien:
Verr = (Jerrf err] + 1. Clerr]
+ (err] R e'tlﬁﬂou%k\l/lﬁ{mrdﬂ saidresistive elemérits t(Rg) ofifip yesistive aliddert o t he
control circuit are (V[err]) and 9V (V[err]), the AC i nput

vol tage nust be scaled by (Jerr], Cerr] so that there is | ess than 9V peak

to geak, %nﬁé) %ﬁ’ég%oélﬁ)(bﬁﬂc@éﬁnaa%dlﬁé $6 any O BB WioH] Ghedein Hier 1]

so as to produce
voltage detection circuit has two power supply terminals for receiving DC

supply voltages (V,, V,) and wherein the preselected DC bias (V) is
15 derived from the DC supply voltage to the voltage detection circuit by use
of a resistive divider (Rs, R,) connected between the two DC supply
voltages (V, V,); the scaled input alternating voltage being provided by
a capacitive divider (C;, C,) connected .between one of the DC supply

voltages (V) and the input for receiving the alternating voltage (Vi)

20 7. A DC voltage supply circuit according to any preceding claim wherein the
voltage detection circuit includes a plurality of voltage comparators,
receiving a respective plurality of reference voltages from a voltage
reference circuit, each reference voltage corresponding to a threshold (Vy,

V' Vo Vi Vz V'2) to be detected, the reference voltages each being

1
n

defined as a fixed voltage with reference to the shifted baseline of the

composite voltage (Vy).

00 g



voltage reference supply circuit and a bias (V}), the first amplifier (A3)

conposkte vol tag ] t _negatjve peak.is er ag_Qv, and
the. whdse BrofhuElaan Bk VR% sl lo Rslpiadyeded TR b s ey it
cal cul ati ons naya bsrefeteringl ntltipRnyf ehdutputPeoltigeabt SWRixEd reference

vol tage switch contenpl ated for use. In the two

enbodi ments of t VI3 BRPNoGI@EECr i bed, peak vol tage |evels and
mai NS zero crossing points are detected by applying the conposite voltage
V[err] to several voltage conparators, each supplied with a voltage

reference foi nt A0DC wejtags supplygcifcuih aesoraing fooclaimes deficein de 9bltagdeak
vol tage, or a baseline crossin oint. The required reference

3 P U
vol t ages may be E&Eramge Ggéu’éff‘-“%h%ﬁ‘éfﬁﬁﬁsw segpad amplifierefAd)e gomnected tabl y

2l £0ed out put FENENE ot o8 SUBHRDERRE B Ml G103 a6 BrertfiFed £ e
resistive divi deDQ biasi(¥yJlearnl priducingsay etiplut veltegect@al \tolthé pesseldchddit

vol tage 25 regui rements of the voltage conparators and anplifiers may
limt the perni tﬁéfjblas plus 2 prepietenminad gaytiple ofthe auwipisyalage dVoayof er r]

to between (V[ergge g . 0.6V). Thi s
met hod has the drav&fggﬁgﬁg?ag% é/\%lgéélgtqﬁg%u'i n the voltage V[err] across
the capacitor Cin figure 8 wIll be reflected in the magnitude of the

composiie 3 \r Rl BOS Ukt el et SIS B DS TAS Me e

causegsby the di sg8nee icufi?RiHet Vondprils la sV ivider network (Ry-Ry,)
including a plurality of nodes (54, 56, 58, 60, 62) connected between the
output of the first amplifier (A3) and the output of the second amplifier
(A4), whereby a different required voltage reference (Virg, Viaz, Voo Vit

Vz, V’3) is available at each node.

20 11 A reference voltage generation circuit for generating reference voltages at
a fixed voltage (V) with respect to a varying voltage (Vpc) including a
reference voltage generator (BG) generating a reference voltage (Vgg)
which is constant with respect to a ground voltage (V), a voltage

multiplication circuit for multiplying the reference voitage (Vgg) by a

&

predetermined multiple to provide the fixed voltage (V), and an offset

circuit for offsetting the fixed voltage (V) by the varying voltage (V).

12. A reference voltage generation circuit according to claim 11 wherein the

varying voltage is derived from a supply voltage (V) to the circuit.

R



a first input and the reference voltage (Vy) and a feedback resistor R

15 vol t agg, 4Lk R ich lead to reduc chargi ng aof the
capacist or C, as %ﬁec@e?%&&)eéhﬁ%ﬁ%o@%apﬂtv 8thig§§§pgdhﬁ’§€pg%a{lpp§1ng
pul se gener at i onamplifief awesibtiveditider (R ARY,)beéng connecte@i#CerPtheCRBRR/  OF
C. Such mains voltage irregularities have a greater effect on the

val ue of V[err] Yoii@get(Yey 286 aground valiage (Vigh with 2 nedalthenenficonngctadmoonent
f V I f | j ' . .k he j t alt ati
Vol tage. | vari at rbiec0r input EvB'aPthe sk hu A ARY ] (ot ed o

the sane DC supply could al so cause variations in V[err].

The refere{‘nce vol t ages, however, being an anpl fied bandgap vol tage, and

ref erenced®o a Or6iHTaNG YIRS Aeneration cirquiteagcandipg hel@ny oficleamy 1dharides i n
the vgitage 10 ] n d y.variations.in this
vol tagje. Thi s V\AVIV]P/&%%% et%]et eeltelﬂk]é %l%ggsgér&?r%%t? g#é%la]?e? n@%’i‘(%épv%&faaﬁje
magni t ude and zereferencespowereddiyrthe supply voltage (V) anfiskidnfedtetikd ustinmites t he
pr obl em caused. él')the ]gﬁn 0si {, V((;Jﬁéa e V[err% represents the voltage
applied to the cYrft Ptiercamplifier (Ag) &Qf QutpHt phhegpuffargumplifinyeproviding the
alternating i np%fé&gheeelg@ha%@gn%grrposi te voltage V[err] has positive peaks

at tinmes 15 tlerr]’ tlerr negative peaks at times t'[err], t'[err].

Bot h upper and | ower peak detection thresholds, V[err], V[err] are
i ncl uded, i/g th ogt i pnal addi tional thresholds V [err], V %er r]
. reierence voltage generation circuit according to any of claims 11 to 14
15 further comprising a second operational amplifier (A4), with a feedback
resistor (Ry¢) connected between a first input and the output, a second
resistor (R;5) connected between the first input and the output of the first
operational amplifier (A3), and having a second input connected to receive

the varying voltage (Vpc).

20 16. A reference voltage generation circuit for generating reference voltages at
a fixed value (V) with respect to a varying voltage (Vo) including a fixed
reference current generator generating matching currents (Iref”, Iref”)
through two series portions of one circuit branch, at least one of said series

portions including a resistive element, a node (40) between the two series

[0
n

portions being connected to receive the varying voltage (Vpo).

17. A reference voltage generation circuit according to claim 16 wherein the

varying voltage is derived from the supply voltage (V) to the circuit.

NN



element, and a first transistor of a second channel type respectively

the o o sB R b R B R B p R o

signal CS changes state every tinme the conposite voltage V[err]
crosses the baseline crossing detection 20 thresholds V[err] Vierr].

A drop [err]V[err] in voltage V[err] occurs at t| Jmm
conposite voltage V|err] nonitored by the a , g “
sensitive switch control circuit 30 includes a DC age VDC

equal to 1/2V[err], VMdrops by 1/2[err]V[err]. Due to thls the positive

peak voltage occurring at time t[err] does not cross V[err], the
positive peak detection 25 threshol d. No peak detection pulse is
t herefore present on signal P1l; a peak of high vol t age i nput goes

un-det ected. Wien a negative peak voltage occurs at tine t'[err],
the thresholds V[err], V [err] are crossed early and |late, respectively,

causi ng a | onger t han usual pul se on signal P2. The voltage V|err]
has not fully recovered by the tine t[err] the next positive peak
occurs, and hence the peak detection pulse on signal P1 30 is of reduced

width, and its rising and falling edges are out of phase with those of

other cycles. Sinilarly, during this period of reduced V[err], the baseline
Crossi ng poi nts, detected by the crossing of voltages V[err]

V' [err] are out of phase with those
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16 ~ a@kleetddeDChiak 98ltagdishchothapthecoitiresaapsl of Sudhhipup QiFhiﬂOsfbl&tgeymi ch
the mai ns i nput . voltage:actually crosses the zero_ voltage |evel.

Fi gur® 10isspavaingdovitein thensmplie vekagss efhdetepdenp sirqeitewbich: snatraly dhence
Comos: t e YHEhgReh b a5k Al BRI RS Bl honcKeBilii g

aIternatiagmmﬁgngoﬂ@ﬁdfnpﬁtug:ﬁbﬂagat. Nei t her of the peak detection
signals P1 and P2 produce pul ses, as the signal V[err] never exceeds
Vlerr] or V[err]. The automatic doubler/bridge circuit is in voltage
doubling rectification node. However, as in figure 9, at tine t[err] the
vol tage V[err] drops by an anount AVc. As discussed above, the
magni tude of V[err] reduces, and 10 at the negative peak at tinme t'[err]
the lower threshold VTL is crossed, and sjgnal P2 —produces a pul se,
i ndi cating a high range voltage. This wil| THISn8dEEt BAy BHEENQY vol t age
doubl i ng node, causing a tenporary reduct|on i rqRgppRCEDIt put {vol tage of the
rectifier circuit. Anal ogous probl ers—~mey—be—encoumntered during a
tenporary increase in the val ue of V[err], and hence VDC. Such
behavi our is unacceptable for systemlevel 15 per f or mance.

A voltage reference circuit wll be discussed,,wh% el Eggl&qngéehce
vol t ages are affected by variations int . he power
supply voltage V[err], such that there is I “ ]“ vol t age

bet ween each of them and the DC conponent conposite
vol tage V[err].




20 This is achi eved Ey QSur]Ag that the reference vol tages
track the DC of f set V[err] of the conpogite voltage V[err]. As for
1/2V[err]. The DC conponent

t he exanpl e above, this voltage nay be

coul d, however, be apy iraction Vherr] chosen such that t he
whol e possi bl e range drr] I 3hin the aeﬁ)roprl ate ﬂerm’tted range.
The defi nition of V[ may be tten: 25 '

Vlerr] =. - ri], where n {s a fraction|suitpbly chosen
such the wh ange i WD t&eAO rangé hetheen the

nom nal values of V[err| and V[ erfr r _thefhi ghest expeg¢ted yal ue of
V[err]. reguire to detecCt Jtor peak and
zero crossing detectj pond to E.J.-t-a\[lzval ues of t he AC i nput

voltage V[err], these hcaﬂzbe det dct
17
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by detecting the crossingd g

val ues of n.Vierr]i. {By défi
the DC of fset voltage V[gqri], O

which is the required ceritgin valu

reference vol tages are obt qi
i n magni tude exactly as tlhg
of f set vol t age V[drr
referenced to the grou

nd Jv
vol t age then corresponcps/'I q:

[err]. V[err] + n. V[erE;
n.V[err] Vierr]. 100%™
t he voltage reference circ

Merr], V[ere], V[err], kf
[err]V[err] in this exa
vol t age V[err]
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reference di scussed abowe w
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of -al - the- pef erence vol t ages

bet ween
as the 15
| tage x. V[err],
however ,

aty VDC may take. As the

each reference voltage
anplified bandgap
const ant

varies in

err].

reference. A buffer

and supplies it to node

net work conprising resistors
42, 44, 46, 48 are tapped from

connected in series,
| MOS transi stors
nost supply voltage



V[err], and two n-channel IVDSFLC?Slgors in serles Q\Il Q\IZ al so

connected to a—25 — gr-ound-vol-t-age-V[-err-] - Kse d,

par al | elVygelr cyi~lranch has. two p- ' : QP4
and two n- chnS| stors QN\3, betjween V4
and V, Ne p- , Al I [gat es
connect e@Vt-d—-he—gat-e S sl elly, and to
their own source term? aI s. Thg “n- C'Flannel' 3 stors N3, QM have
their gates connected to the g%ﬁs of transigtors @\1, Q\2,
respectively. INd parall el “ei- Uit br anch conprises two
n- channel MOS transi stors

18 Q\5, connected in serj t he source of i ng connect ed
to the ground voltage V[err]|, the drain of QN5 befi ng jconnected to

t he out put of E copstant current generator |1 G i ch gen%@at es a
constant current lref through the tkanshstors QNS The gates of
transi stors QN5 and QN6 are connected to the gates of 5 transistors

QON3, QW respectively, and also to their own respective drain termnals.
F]

cs

VT




The constant current generator 1G esgits reference current Iref through

the two n-channel transistors QN5, . ese are each connected as a
current mrror with transistors Q\N3, Q\4 respectively. An identical
current, Iref'—=— therefore—~ — — H-ows +hr-eugh-t-he secerd—ei +eu branch.

This secoWd,circuit_branch consists of four_10 transistors OP3 QP4, N3,
Q\4, each connect ed as a current nirror mﬁthvﬁ
transistor in circuit bra
branch conpr : s C

and resistors _R?'— I§8" as f‘a.r as_node A0; and' a vwer. ,poFt'i ‘on conpri sing

the rest of the branch, that 'i esistors R9, RS Tfom node 40, and
transistors OQN1, 15 ON2. The INrent mirrors conprising transistors QP3,
QP1, QP4, QP2 cause a current Iref”, equal to Ilref, to flowin the
upper part of the first circuit branch. The current mrrors
conprising transistors QN3, QN1, O\4, QN2 cause a current Iref"

equal to Ilref, to flowin the |lower portion of the first ci rcui t PBranch

aYa ansi sto ) 1, q32,

Hence, an identical current flows in each portion of the first
circuit branch, and no current 20 flows into or out of the output of
anplifier Al The out put of the buffer anplifier Al holds
the voltage Y err| at rlode 40. The vol]t ages at epch of the nodes 42,
44, 46, 48 afe then acdqurately hefd at voltdgges E[err] I gg.Rt,
where Rt is fhe total rlesi stance between thg node in question ap

node 40. HencC€, Dy Selecting approprrate values tor resrstors Rerr]j,
Rlerr], Rerr], all of which 25 ~may be adjustable, accurate reference
vol t ages arefpvail abl e S g ifth respect to the DC
conponent V[e¢rr]. The @} fference Eetmeen t h¢l vol t age atl each zc hode and
node 40 is fip ¢] const ant Iref, and the

adj ust ment s
vol t ages greater than VDC or

onl y
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only vol tages Iesi thah VDC were dequ
necessary in 30 eith t he uppér o
circuit branch. | ! Thé use
each mrroring stﬁp ( q "cas e |

accuracy than woulid haye been géhileve
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required functionality, whi £h

bandgap vol tage refe

supply voltages, V4, 10 |V

out put voltage V[err] is gp
A2, whose output will als

br

i npu

networ k conprising resist

a non-inverting

is connected to the outpujf !
resistor Rerr]. A fequéik
output V[err] and the iAverfi
is normal with operati®na

|
t he sane vol t age ab
out put voltage V[err] of th

I ence

do

2

Rllerr]

an-invertin

respect to the voltage V[er

fr t e:above limtations.
i s|supplieddy the'two avail abl e power

age Vlerr] A r¢

A

bnde of V[err]. Its

| buffer anplifier
psijstive divider

aIDC vol tage V[err] to
ting i nput of opanp A3
filer A2, via a

'tdd 15 between the
pndl anplifier A3. As
termnal will be at

pr oyl des

e operati (
nverting
g |

I The
at a fixed value with

t he supply 20 vol tage Vjerr
to V[err] and therefore propg
supply voltage V[fert].

be equal) through resistes
V[err] - V[err] = V[err]T V

st iONat ¢

Sl

Rl err] R ery) -
Rlerr]/Rlerr] ) - V[efr]
expression. the V|erri—t
Verr], and tphe V[
The operational anpl|fier
Vlerr] W(NGHUNEWQ
—L
N >
f——l
j I
d?f{

ce PG is

end of aAy fluctuations in

fr ion qﬂ Vl[err] with respect
"~ folTows any variation in the
dering the currents (which nust

Vierr] (1 +
V[err] In this
} term which nust correspond to
hds to the fixed voltage V[err].
Fforms both nultiplication of
ed

FIGC. 6




voltage V[err] and offsets V[err] by the voltage V[err]. To fit the

exanpl e, where V[err]= V[err],

20 - V[err](l + err]/Rerr]) = V[err]; V[err] =
1/2V[err] Rlerr]/(Rerr] + Rerr é ?This may be arranged by fixing
Rl err] Rl err] wdmew]:z err]. As V[err]
IS directly proportional to V[err] and provides a conmponent of V[err] at
the output of anplifier A3, any variation [err]V[err] of the voltage V[err]

will be reflected 5p0—with . a varj QN Q err] at the out put of
anplifier A3. The V[ ¢rr] elenent rejains unaffected by the variation
in V[err], providing|the required rbference voltage V[efr], W th

reference to V[err].|The out put 40l} ags f appt~Nier A3lis therefore at a

vol t age Vlerr] less th V[err] Npe AL [e r] never changes,

what ever variation ogcur in X[err], \ a m ni num vol t age

is maintained, as required fo ensurb corre abi on of the vol tage

reference BG This ni num‘vol t a ou d 41/2 R% The out put
iddi ng a

of anplifier A3 th re fulfil mh of pro i vol t age
i th VDC, nic r tains & fixed value with

ref erence which vV
respect to , I ndepe ptJJof varilg 'Qs off Merr].
WM I

3

g %




the 15 requi red referenceé yol tages
anplifier is used. I
anplifier, used to provide|tWe
operational anplifier A4 hgs|a
V[err], which nmay be set by §
supplies. Equal resistanc

out put and 20 an outp

anplifier A and the ougpuy
respectively. I
Vlerr] - V[err], and anpliﬁiw
ground, the output of this,a
providing a reference voltég—
correspondi ng 25 ref erende x
‘using this circuit to supply
references Vjerr], Vierr],
out puts of A3 * and
vol tages. This nay advemt aggousl
resistors Rerr], Re§].
all required threshol d_val{ages, &lgL{
V[err], V[err], to b¢ obthined firom

values Vjerr], V[err]j Crituw
figures 13 and

This circuit allows the gejerati of
I

npl df i er A4,

S 'of anpl T i
As the out put
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olirle 13A sho an

divid
each

s whic

o~ |
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err], anl|inverting buffer
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ol d @l t ades! above V[err]. An
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gn [ he power
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er A3, fijgure 13,
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usingf V[ erlr]l as a virtua

be err]l 4 V[err],
metrical wth the
n—V-er«| — ~ By

nd negative peak detection
br may be set up between the
pf the required reference

conpined with the function of
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21 13A have identical reference synbols. A first resistive divider
conprising r tors Rl err], node 50, resistor R err], node 52 and
resi stor R[erE]E'is connect ed between the supply V[err] and ground
Vlerr]. A se resistive di vider network conprising: resistor Rerr];
node 54; resimr R err node 56; resistor Rl err]; node 58; resistor
Rl err]; node - resrgt -~ < nodeo62 and re:s-r stor Rerr]
connect ed between tHe §utp fiers RS, Q-pg respecai veI y In
the first resistive i der\ esr o}s Rlerr], Rerr] jointly peLr'formthe
function of resistor : re 43+ a-nel- by 4 ixi-ng- R-eHf—=—Rferr],
and Rlerr] =Rl err]+ he required vallue of V[errl]]=V[err] is
obt ai ned at d¢de 50 - Ton-— — — —"'rnr\re-rr-n'gj' ngquta.of
amplifier A4]|whil Has—the—correct—vol-t 10
dlscussed abgye t he second redisgive divijder, by fixing
Rl err] Rl en rT=R err ~ cagir pgdir of
reference voII r 1, —\_ [_eu]_a.nq Vo[err]l]atlnodes 62, 54;
V' [err] and Viigrr] at} jnode ,~6€)—mnetri cal {abaut V]err],
and the vol tdde at ngde 58 ils; equal fo the DC conpophent @[ efr], as
requi red forl Her—Ad-Rasi-stors—15 Rl
Rlerr], R[errl] t oget | fynctiop of Rerr] in figure 1BA and
resistors R g ] performthe functign of RLp in
figure 13A The 'r'eTeLr_en_CQVOI t ages|describged is
then connected {0 a flgspeetPE — TIFT - "~~~ T~~— —— -

o~

=

e
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vol tage cdfparator to allow peak and zero crossing detection to be carried

out, as

enbodlnent
i nvention, S|ng
those in AJ;ure
previ ously descri
conprises dio

respectively con

neut r al
connecte

resi stor
resi stor
Zlerr],

descyi bed above. 20 Figure 14 shows a third
a DC Wl t age pL¥lCIrCUIt according to the
|§Er eté ogent® Again, features si rri lar to :
Dar Def2r enceshunber s. As in the
,d |np 9 nt §4Tons, a nalf- wavely ect i |éf '
err i st Rlerr], node 22 and c emTTTﬁ'75
C 2pl | injderies between the live Jige L and the
| iy ree fédm nglf regul ator X1 hajs: |a grouneh i nput
: ' ——eufFal |ine
U\put Epmnecid4d a node 68. [fwo resistprg Rerr], Rerr]
AN\ Beli es| et ween betweeh the live lijne L and node 22
t\yo_redistors share p common npdg¢ 70. A further
connef betfween 30 thel node 68 d the n¢de 70. A
node 2} 7 —0+odp—rfe++t4 , node 73 zener di ode
9 resigt r r] arp respectively connected iﬁtferies
1 h ] — -
| ;)/
i | R |
|
| /1
l>un . ! ~
17 g e
|| i |-
| |
i <H._._ e e — (R
i
. / !
| 1 —
) ' ey
, ' 4
l — o) e e - omar  ome ol —— am—n  — - o L - ot
! i
[ 1
| ! —
4 [=
1 et
| '
| |
N




22 bet ween node 68 and nodeFEkcsIm$1conparators A5, A6 have power
supply connections connected to nodes 68 and 22. A non-inverting
i nput of A5 | connected to node 70, as is an inverting input of A6.

An inverting’y nput connected to node 72, and a ngm=inverting
input of A6 i connecte 4. 5 A 5|gnal applifier and
vol tage shifter 76 has t ch connected to an/out put of A5

and A6. The g
connected to
Zlerr], Zferr
and V[err], r
bi as currenty
di odes is at

gnal anplifi age shifter 76 has an

set the | ow and hi gh peak detection thregtol ds V[err]
spectively. Resistors R er Rl err] supgly a zener diode
Nodes 72 and 74 are then

and 10 are chosen such th
he DC of f set voltage V[&r].

hel d at voltages greater and | ess than V[err respectively, by
vol tages equal to the breakdown voltages of the zener diodes Z[err],
Z[err], respfective F—aQe co A6 each produce a h|--—4utput
when the vol t age a¥ axcegtd)TH he vol tage at QB},/'Z, or falls
bel ow t he volit age of* 15 ode ga 5Rpectively. The qu,:-e at node 70 is
a conp05|tesvoltage as di scussedy N yments of the
i nvention, bq%ng a scal ed representation o i nput voltage,

t

supplied by € SerI: R of Rerr], , .added to 2 of f set
vol tage V[err]] proVged N nt gﬂgplled by Nbe potugh Rl err].
The di ode Diigrr], VIZC RN capaC| tor et

descri bed for] ot her—eni :S§$ DC
vol t age across capaC|tor C. This DC vol by X1, to

fix Verr], que 22, at a fixed voltage,
neut r al 3




line N vol tage.g

The AC input voltage VLN is hence scal ed

down and vol4 ags shlged ~ S*O%ng detection of both hi gh and3l ow
peaks, gai ni®g \ he ad antag dzdd ofp P5 oo { Ukl - wa vol age <sensing,
in an enbodi = S THE sighal
anplifier ang f T
when no out piit A5 5AG, - I ndicattTg atowr gnge AC
i nput voltagég. enabl i ng %0l t g8 doﬁ)l ing rectificationfnodefof an
associ at ed douljl er/ bri dge rect¥flier - and suppressges sugh gafe pul ses
when out put es frjom 30 A5, A6 arle present - indicating R hi gh-range
AC i nput vol { and so ensuring that bridge rect|ficafion de is
used. Fi gure 15 shows tlhe vol t ages V[er.] Vfe¢r]' @t node
70, for |ow yange_ang.hi gh- 2
23 rapge |AJ i fpul vol t ages, redpecti ve1'ay Th@d‘ edl AC_{Spqt
voltage is shif of fset [V[err], =and com%ﬂ: t hé upper
and | ower thres ssqerrj,j/[errj. he '
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outputs P3, P4 of conparators A5, Ap, respectively,

vol t age input V[err]'. R denqles 4 he al | owed
to the controff circuit. 5 M0ever, the
i nvention usi%g di screte conponent Sffdoes not

and other fungtions included in intpgrated circuit

Vi,
correspond to a high
range of input voltages

enbodi nent of the
include the filtering
i npl ement ati ons.

Zener di ode bfeakdown vol tAfes have| a tol erangg of ar ound 10% and
so may prjovi de | egsyaccurjat e peak vprtage dere oyt than oABer

enmbodi mer{t BANBGAP 0 The additiofpal dat™Ng_pQin
|ntroducedlﬁfﬁwo |d|nc "d al_cycl e’ detection, i~€. detection during
bot h posi negatli ve extUTET it TR the A i nput
vol t age Iegg q—e ent detefction Af the |vo tage rangé¢ and nore

ef fi ci enBO ering,| applied to fhe mholeR@gcle. By using the
met hod descri ped, euen-the highekt [AC peak to peak vol}Jages 15 may be

accommodat ed
the full wave
results in
hence many of the
cycle (i.e
overcone. 20
i nput AC voltages with
circuits of the invention may equal ly be used
Wi th non-zero baseline |evels,
val ues and voltage threshold IF:*(;

Mthlnthepmrmtted q
zero cr053|ng detect|on

et

f |

one excursion only per

+\<"

drambacks descr bed mnth reference to t

cycle) detection schene

Whil e the di scussion herein has referred to mains
a baseline at the zero volts | evel

w th suitabl e adjustnent of

range and hégce subjected to
vol tage se

nS|Wb described. This
A evel and
ingle
e

t he
wi th input AC voltages
resi stor
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rectifying
wi th respect

to a bageline, ang supplyi

substantial |y constantuwal ue, safd voltag¢ suppl y"ircuit *° conpri singf
rectificatipn circuitry for rectifying an|alternating voltage; a
vol tage detgction circuit for detecting, Wthin upper and | ower
limts, peak val ues of said excursions fof con- trolling said
rectification circurtry; an a voltage shift circyt—travimg e Tmput
connected to receive tHe alternating voltage and connected to supply
a conposite volta t he voltage fletection cirjcuit, the
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voltage shift circuit scaling sajd alternating voltage and shifting
its baseline by a preselgcted DQbias, _in order t hat the excursions
fall within the upper apd | oge I| its, so that the voltage detection

circuit is operable io‘-_'-.det ect alﬁes of th upper and | ower
excur - si ons. . B0& vt aq%% Circujd=according to claim1l
which 1is operable with at'~9l st t tfinct ranges of values of the
alternating voltage, thg g cont a:l>n1’h t he appl alter- nating

vol t age being indicated S he vol tage~Zdetection circuit, the
rectification ci rcuitry h Vi ng a nunbe of nodes ual to the nunber of
di stinct ranges of vaJues|of the altefnating volt , and the node of
operation of the reckcfigation circuifry<peing selected according to the
range 3. ADC vl tage upply circ gccording to claim1 or claim?2
wherei n the detect I t Sy ncBidg's Dasel i ne crossing detection
circuitry to detect Ipa3p he applied alternating voltage,
and the rectificatio tch for selecting the node of

operation, the baseli WAermg—uosed to generate control
signals to the swit¢ pply circhit according to claim
1
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N
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wherein the rectification cirEiJgsb ;LEi doubl e/ bridge recti- fier, with
5. A DC voltage supply circuit according to claim

two nodes of operation.
1 wherein the volta
recei ving a DC supplly _volt
alternating vol tage
conprising a plural
for receiving the al
presel ect ed

t Y of

ternati ng vol t¥de and sai'dy
bei ng el ected)by controf -1

e_and wherein_said DC hias,

detegWion circuit has a power supply term na

an

esi stIye el ements connect ed

A Y

f or

d | d scal ed
re botth prg- vided by a resistive divid?r net wor k
et we

power si{pRly t
ling the BC cu

n said input
erm nal, the
rrent through

Domﬂgas
one of said resiBti e erenepts of
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ABSTRACT -
6. A DC voltage supply circuit according to claim1 wherein the voltage
detection circuit has two power supply termnals for receiving DC supply
vol t ages and whePei T RAET L FROVIDEEY FOR REST IFY IHEr ANedCr AY e DC
suppl y vol t 3. TadE T @ROVIDIIA ¢RiEeahiNg'T AGIKC eolishings Bcobuapbgsi stive

di vi der connect ed between the two DC supply voltages; _the scal ed i nput
al t e nat i ng WP bePnEOPPOSIAE) NPT QLIFAGE kS DERTVHE: FRGHnect ed

bet ween one TofE tAw DMPETPPOLTREE! agascH awd ddMPOSEDItOF OR BEREED ng t he

alternating . | supply.ci i i,ag to claim
1 wherei nwgﬁt XS&TﬁéFe%?gﬁﬁﬁl é?%ﬁf’ ‘ﬁ“ifd’e?%g%&?\??gﬁ%%bg‘f vol t age
conpar at or s SUCECceTHARg BHE e §NCEIRE e RANGEa| OFy IJCH (IREInSECGWALt ages from
a voltage r Gi & CH4 rq@ﬁf opgi ng to a

t hreshol d tg’b%g%@%etie%tgbdml%ﬁgﬁ?e g?&%@e VO téﬁ%ﬁ%gﬁﬂg@@%@ ggfi ned as a
fixed  vol PESECRION r SHECSHIRY, o WATGHS h CONTBOb&s o BECERETEBm  posite
vol t age. CIRCUATRE .VOITHY OBIEPT JON | IS UTHUSICCARRIRPY OUTCDBRING,  wherein

Girouit, andoe B fmpt ' RORKECRAGURS IS B it DERRECRES, oll ol
of the fixeWOLJAGEge reference supply circuit and a bias, the first
anplifier producing an
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Ses t valug, BE‘%.""‘ 5 sugp lg mﬁ?uéljet erm ned

out put vol tage equaé pres ecte
mul tiple of the outpu e of, the fixed reference vaqltage supply
‘circuit. 9. A DC V&% ﬁ’ﬁﬁpw prreg V&‘%&E’b?’é‘l‘rﬁﬁt‘% fagtm 8 wherein

the vol tage ref er enca vltagedetettion tiecuit-fondetecting,awitBismpper antb! i f i er,

connected to receive alowerdimits, prakovalpes: of sdid texcursionstforcpi+ f i er and t he
presel ected DC bi as, amntqgrmﬂlmomjcatmmoimntryyandage equal to the
presel ected DC bi as anﬂouagesmft%ﬁeﬁﬁhah ﬁﬁ&b@ﬁ&c@éd:&?&eﬁé put vol tage of

the fixed ref t e supply
Fcult ecor o 5 cpp I AR s ol ﬁv&fggiﬁ%.m?f urt her
H

circuit according to Cégm
conprises a resistiveyg ﬁ{

connect ed between the ‘;‘P
y or
e (?xcurstons fal‘l‘e@' n ’%‘iﬂ o

second anplifier, wher

available at each, r]Odelnmts, so that the voltage detection cxrctnt is operable
to detect peak values of both upper and lower excur-
sioms.

2. A DC voltage supply circuit according to claim 1 which
is operable with at least two distinct ranges of values of the
altemating voltage, the range containing the applied alter-
nating voltage bemg indicated by an output of the voltage
detection circuit, the rectification circuitry having a number
of modes equal to the number of distinct ranges of values of
the alternating voltage, and the mode of operation of the
rectification circuitry being selected according to the range
indicated.

3. A DC voltage supply circuit according to claim 1 or
claim 2 wherein the detection circuit includes baseline
crossing detection circuitry to detect baseline crossings of
the applied alternating voltage, and the rectification circuit
includes a switch for selecting the mode of operation, the
baseline detection circuitry being used to generate control
signals to the switch.

4. A DC voltage supply circuit according to claim 1
wherein the rectification circuitry is a doubler/bridge recti-

. fier, with two modes of operation.

5. A DC voltage supply circuit according to claim 1
wherein the voltage detection circuit has a2 power supply
terminal for receiving a DC supply voltage and wherein said
DC bias, and said scaled alternating voltage are both pro-
vided by a resistive divider network comprising a plurality
of resistive clements connected between said input for
receiving the alternating voltage and said power supply
terminal, the preselected DC bias being selected by control-
ling the DC curmrent through one of said resistive elements of

the resistive divider. _ B
RN O
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terminals for receiving DC supply voltages and wherein the
preselected DC bias is derived from the DC supply voltage
to the voltage detection circuit by use of a resistive divider
connected between the two DC supply voltages; the scaled
input alternating voltage being provided by a capacitive
divider connected between one of the DC supply voltages
and the input for receiving the altermating voltage.

7. A DC voltage supply circuit according to claim 1
wherein the voltage detection circuit includes a plurality of
voltage comparators, receiving a respective plurality of
reference voltages from a voltage reference circuit, each
reference voltage corresponding to a threshold to be

" - detected, the reference voltages each being defined as a fixed

voltage with reference to the shifted baseline of the com- -
posite voltage.
8. A DC voltage supply circuit according to claim 7,
wherein the voltage reference circuit includes a fixed voltage .
reference supply circuit, and a first amplifier connected so as
to receive both an output of the fixed voltage reference - -
.supply circuit and a bias, the first amplifier producing an L
output voltage equat to the preselected DC bias minus a =~ - -
predetermined muitiple of the output voltage of the fixed .
reference voltage supply circuit. .
9. A DC voltage supply circuit according to claim 8
wherein the voltage reference circuit further comprises a
second amplifier, connected to receive as inputs the output
of the first amplifier and the preselected DC bias, and
producing an output voltage equal to the preselected DC bias
plus a predetermined multiple of the output voltage of the
fixed reference voltage supply circuit.
10. A DC voltage supply circuit according to claim 9
wherein the voltage reference circuit further comprises a
resistive divider network including a plurality of nodes
connected between the output of the first amplifier and the
output of the second amplifier, whereby a different required
voltage reference is available at each node.

L



A DC VOLIAGE SUPPLY CLRCULL

ABSTRACT

A CIRCUIT IS PROVIDED FOR RECTIFYING AN AC INPUT
VOLTAGE TO PROVIDE A SUBSTANTIALLY CONSTANT DC OUTPUT
VOLTAGE. A COMPOSITE INPUT VOLTAGE IS DERIVED FROM
THE AC INPUT VOLTAGE, WHICH IS COMPOSED OF A SCALED
INPUT AC VOLTAGE SHIFTED BY A SELECTED DC BIAS VOLTAGE
SUCH THAT THE ENTIRE RANGE OF SUCH INPUT SIGNAL
VOLTAGES IS CONTAINED WITHIN THE SUPPLY VOLTAGES OF
DETECTION CIRCUITRY WHICH CONTROLS THE RECTIFIER
CIRCUITRY. THE DETECTION IS THUS CARRIED OUT DURING
BOTH THE UPPER AND LOWER EXCURSIONS OF THE INPUT AC
VOLTAGE.
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