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~~ , A Multistandard AC/DC Converter

The present invention concerns a circuit for converting an AC input voltage
lying within a predetermined range of frequencies and which varies on either side
of a base level into a DC output voltage at or above a predetermined minimum

level.

There exists, _throughout the world, a wide varieiy of mains AC voltages.

Broadly, there are two groups: those of the low voltage range (88V-132V) and those

~ of the high voltage range (176V-264V). It is desirable to design electrically powered
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eQuipment which can be used throughout the world, thereby simplifving design and
production and allowing eqmpment to be portable between countries other than
where ongmallv purchased This requires that the equipment must be adaptable for
use on both low and high voltage ranges. AC electrical power is distributed at
frequencies of nominally 50 to 60 Hz, with a tolerance of 3Hz typically allowed.
The requirement for a circuit to provide a substantially constant DC voltage
when supplied with a range of AC input voltages is popularly fulfilled by the use
ofa doubler/bridge switch in association with an AC to DC converter circuit. Such

a switch operates so as to select voltage doubling and rectification for AC inputs

-of the low voltage range and to_seiect full wave bridge rectification for AC inputs

of the high voltage range. Both manual and automatic types are known.

Figure 1 shows a typical doubler/bridqe'arrangement for rectification and

~ smoothing of input AC voltage Vao diodes D, to D, forming a full-wave bndge

rectifier, w1th AC input voltage VAC bemg apphed between nodes 2, 3 and the
rectified output available between nodes 4, 5. Capac1tors C, and C, act to smooth
the rectified output to a constant DC 1evel, and switching element T permits the

switching between fuil wave bridge rectificationwhenina non—conducting state, and

voitage doubling rectification when in a conducing sta A load L mdy be

connected berwesn nodes 4, 5. When this circuit is used in voltage cxoubhrrv recrifier

mode. capacitor C is the Dosrme half cvcle :‘roothmo czmac*ror -and capacitor G,
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is the negative half cycle smoothing cé.pacitor. In a manually controlled circuit, the

switching element is a mechanical switch. In an automatic doubler/bridge circuit,

the switching element T may be a relay, a triac or another equivalent device. -

Once a triac is turned on by applymg a bias voltage to its control terminal,

it will then remain conductive unnl the current through it falls below the minimum

‘holding current value, irrespective of the voltage applied to its control terminal.

~Hence, only a short pulse of bias voltage is required to turn on a triac, provided

that the potential difference between its main terminals is greater than that

required to cause the minimum holding current to flow. .

Missing cycles are temporary. blockages of the AC power, and are produced,
for example, during changeover of the power supply between substations and feeder

lines of the electncuv supply company. As missing cycles represent periods of no

‘mains supply, the voltage output of an AC/ DC converter will drop as a result of the

load draining charge from its _output smoothxng capacxtors until resumption of AC

- supply.

Manually controlled ‘doubler/bridge circuits _req’uire the operator of the
electrical equipment to set the switch in the correct position before applying the AC
mains supply. | |

The manually controlled doubler/bridge circuit has a major drawback in that

~ the operator may forget to check the position or choose the wrong position of the

switch, which could cause doubling of a high voltage, leading to damage to the
équipmént. Alternatively, the equipment'coﬁid be designed to withstand such
damage, leading 10 extra cost of the equipment. : |

Several types of automatic doubler/bridge switches are known, which

automatically select voltage doubling and rectification of the input voltaqe when a

- 110V line voitage is applied and select full wave :ec::ﬁcat'on when a 220V "ne

-~

vo'itaze is applied. Exampies of such *::cu.z-:s may be found described in LS parent

numbers 4,665.523 4.845.607 4.933.852 and Britsh patemt numbérS'l,299,:60.

2,144931 2,157,031. Such automatic swiiches may be constructed of discrete
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comporients, or constructed within an integrated cireuit. Both the integrated type,
and the type constructed with discrete components use a full-wave rectifier bridge,
with a switching element and two eapaeitors, allowing both voltage doubling
rectification and bridge rectification to be performed. The switching elements of the’
prior art are electrically operated mechanical switches (relays) or solid state
bidirectional switches, for example triacs. The conducting'state (‘)i such a triac is
co‘ntrdlled by the presence or absence of a bias'-voltace applied to its control gate,
such voltage bemg supplied by an automatic circuit as a function of the voltage
applied to the equipment The known designs of automatic doubler/bridge switch
usually produce either a continuous bias voltage or a continuous series of firing
pulses to the gate of triac T. Whi]st this ensures immediate recovery of output
voltage following a missing cycle, an unaceeptably large power consumption resutts.
In some circuits, up to 12W of power may be consumed by the control circuitry, and
80% of this in triac gate firing pulses. _

. Equally, a manually controlled circuit could use a triac or equivalent as the -
switching element T with a manual switch controllmg the presence or absence of
a bias voltage to the triac control terminal. _

When such an automatic doubler/bridge circuit operates in voltage doubling
rectifier mode under constant AC supply, the triac switching element T conducts
from the moment a firing pulse is p'rovided'by the control circuit until the current
through its main terminals falls below the holding current. During a positive half
cycle, current flows 'thfough diode D, to charge the positive half cycle smoothing
capacitor C, while the input AC voitage V. is higher than the voltage across the
terminals of that eaoaciter The capaeitor charges up through the triac until the
point of maximum charge, usually ]ust after the peak value of the input AC voltage.
At this point, the capacitor charvmg current ceases as the input AC voltage V¢
drops, and the triac turns off. Similarly, during a negative half cycle, current flows
thi'ough diode D, to charge the negative half cycle smomhino capacitor & until its
point of maximum charge, jusi afier the oeak negative input voltage of the AC

mains. In this way, the voltage across each one of capacizors C;, C, is almost equa

b—

to the peak AC mains input voliage, and the total DC voltage available ar the

~

ourput terminals 4, 5 for application to load L is approximately doubie the peak' AC
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input voltage. The diodes D,, D, are reverse biased after the AC inp'ut.volltage'has

dropped below the voltage across the terminal of the capacitor and hence the

-charge stored on capacitors C,, C, is prevented from discharging through them.

When a load L is connected to terminals 4, 5 the capacitors discharge through

the load and supply it with the requlred DC current. This dxschargmg causes the

voltage -across the capaators C;, G, to decrease, umtil each one is charged during

the following posmve or negative mains half cycle, respectively. This discharging
and charging causes a ripple voltage on the DC output voliage. The size of the
capacitors C,, C, is chosen so that the charge stored smoothes the DC output

voltage to have an acceptable level of ripple.

One in-tegrated‘ circuit implementation described in US patent number
5,162,984 has particular advantages due to its small size and extremely low power
consumption. Triac firing pulses are produced only during a limited time penod
soon after zero crossing points of the AC voltage, thus ensuring efficient triac turn-
on, whilst the current consumption by the triac firing pulses is minimised. It has
become a popular circuit for AC to DC conversion.

Figure 2 shows a circuit incorporating such an automatic d_oubier/brid'ge
control circuit. AC mains input voltage Vy is applied to power supply lines V;, Vy
connected to nodes 2 2, 3 of the bridge rectifier formed by diodes D;-D,. An
integrated circuit automatic doubler/bndoe control circuit 7 1s connected to the

neutral mains input line Vy, which may be regarded as a supply voltage., The

-doubler/bridge control circuit 7 is further connected to node 9, which r_nay be

regarded as a virtual ground vollta.ge for the IC supply. Node 9 is itself connected -
by capacitor'll_ to the neutral AC input line Vy, and to the live AC input line V;,
by a series arrangement of a resistor 13 and a diode 15. Two series connected
resistors 17, 19, are connected between the node 9 and the live mains input line V,

the node 21 berween the resistors 17, 19 being connected to control circuit 7. A
resistor 23 is connected betwesn the node 21 and the neurral mains input line Vy.

An output of the conrroi circuit 7 is connected w0 the gate of the iriac switching

element T through a current limiting resistor 23.

pored

The half wave rectifi comnrx.sn‘_ d10d= 15, resistor 13 and caoacu:or 11
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‘provides a DC sﬁpply voltage V. to the control circuit 7. This supply' is typically 9V

lower than the voltage of the neutral mains supplv line Vy, regulated by a voltage
regulator internal to the control circuit 7.

Resistors 17, 19, 23 scale down and bias the AC input voltage Viy t0 a
volfage at-node 21 which is used by the control circuit 7 to produce triac firing
pulses to triac T just after every mains zero erossing point if a low range AC
voltage is in use (i.e. if voltaoe doubhng rectifier mode is requlred) The control
circuit 7 generates and uses mternally a 51gnal RI, being the output of a voltage
comparator, which indicates whether the AC supply voltage falls within a first, high
range of supply voltages Rge1, or whether the AC mains lies within a second, low
range of supply voltages Rge2; a clock signal Ck; and a zero cross detection signai
T1 is a short active high pulse gerieréted in response to each zero _crossing.of AC
cupply. _ | _ _ . ,_

Figures 3A to 3F show a typical timing relationship for the operation of such
a known automatic doubler/brid_g'e circuit operating in voltage doubling rectifier
mode during a period of constant AC supply, with the load L connected to the DC
_output..In figure 3A, V,y represents the input AC voltage; in figure 3B, VT
represents the triac gate voltage; in figure 3C, V,; represents the voltages across
the terminals of capacitor C, and Vo, represents the open circuit voltage which
would. appear across terminals 4, 6 in the absence of the load and the capacitor Cl,
with the triac becoming conducnve at the first triac pulse after zero crossing; in
figure 3D, I represents the current ﬂowmg through the main terminals of the triac
T; in figure 3E, V, represents the voltages at the terminals of capacitor C, and
Veoz Tepresents the open circuit voltage which would appear across terminals 5, 6
in the absence of the load and the capacitor' C,, with the triac becoming conductive
at the first triac pulse after zero crossing; and in figure 3F, (V¢ + ch) Tepresents
the total DC output voltage berween terminals 4, 5. |

In figures 3C, 3E , the dashed lines represen tmo the open circuit voltaoes
Veor Veor represent the max1r1u*1 possible voitage which couid be appiied to the
capacitors C,, C, at any particuiar instant

The -\C input wav eform V.\ Crosses ihe zero voitage level at zero crossing_. _

Doints iy - te.
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As shown in figure 3B, a short time d, after each zero crossing, at times ty, -

" 143, a series of pulses lasting for a period d, are produced on the triac gate voltage

VT. These triac firing pulses are active-low; during the active state the triac gate
terminal is held at the voltage of the virtual ground node 9 in ﬁvure 2 and at other
times the triac gate is held at the voltage of the neutral line, Vy and node 3 in
figure 2. The timing of these triac gate pulsés is designed to allow the triac to be
conductive as soon as possible after the voltage across the triac is sufficient to
maintain a holding current. This corresponds to times t;, - t;; in figure 3C, when the

voltage available to charge the capacitor Vg, first exceeds the voltage Vi, across

capacitor C; sufficiently to hold the triac on. Times t, - t;; vary in their temporal -

location as the load current supplied by the circuit, and hence the ripple voltage,

'varies. An increased load will mean a greater capacitor discharge between charging

half cycles and hence an increased ripple voltage and an earlier location of time t,
A sequence of triac gate firing pulses is required to ensure that the triac is turned
on as early as possible, independently of the ripple voltage at any particular instant,

but the duration d, of the series of pulses should be no loﬁger than necessary, to

-avoid excessive current consumption.

Considering only the first half cycle of mains, between times t and t,,,

as shown in figure 3D, the triac begins to conduct current I at time t,, which

charges capacitor C,. With the triac conductive, the full AC supply is applied across

' capacitor C1 In the penods d ‘between the zero crossmg pomts to-t.s and the

associated triac turn on tme ty- tl3 the rectifier circuit is operating in bridge rectifier
mode and the input AC voltage is applied across the.senes combination of both
capacitors. o | _ o

The terminal voltage N across the capacitor C, rises, as shown in figure 3C.
The open circuit voltage available V¢, exceeds the capacitor terminal voltage V;

during this period, due 1o resistive losses caused by the current flowing to the load

L and the current charging the capacitor.

Alter reacning-its peak value, the mains volt
reached, soon after the peak voliage of AC mains, where differe’xce berween the

b

capacitor terminal voliage Ve g.r'd the voltage availabie Veos is 1e<s than the
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voltage required to :_néintain the minimum holding current through the triac. At this
time, tyq, the triac turns off and the current I through the triac falls to zero '(_ﬁg'ure
3D). At this time, ty, the capacitor C, is charged to a voltage almost equal to the
peak value of AC mains input voltage. ” , |

For the remainder of this half cy'éle,’ from time ty, to time t;,, diodes D, and
D, are reverse biased and the charge on the capacitor discharges through the load

L. This causes the capacitor terminal voltage V, to drop during this period (figure

30).

Symmetry of the circuit and the AC mains applied dictates identical operation
during the negative half cycle, from time t,; to time t,. Zero crossing at time t

causes a series of triac firing pulses starting at time ty;, for a period of d,. Capacitor

. G, is charged through diode D, and triac T, between times t;, and ty,. The charge

stored discharges through the load between times ty, and t;;. The capacitor terminal
voltage Ve, will drop, shown in figure 3E, during this period by an amount which
depends on the current demand of the load, and the size of capacitor C,.

Figure 3F shows the output voltage, which is supplied across both capacitors -
C, and C,, achieving a DC output voltage (V, + V) approximately double the AC
input voltage. The voltage drop of each capacitor’s terminal voltage gives rise to a
ripple voltage Vr in the DC output voltage (V¢ + Vo), at double the frequency of
the AC input. For any given load requirement, the size of the capacitors Cl'and G
is chosen to reduce this ripple voltage Vr to a tolerable magnitude. _ :

The voltage waveforms Vg, ch across the output capacitoré C, G
respectively are identical to those resulting from the use of a conventional voltage
doubling circuit with an electrical connection in the place of the triac T. |

The remaining ripple voltage V. in the output voltage (VC1'+ V), exaggerated

for clarity in the diagrams, depends on the amount of discharge the capacitors C,

" and C, undergo during the period between triac turn-on times t,-t;; and hence the

loading applied to the output. The maximum ourput level VP of DC output

voltage (V. + V) is obtained at each triac turn-off time tyy-iys. This level will be

‘used as a reference beiow.
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mains input when the power interruption started, by the capacitance of a mains
filter habitually connected across the input mains terminals of switched mode power
supplies and the like, to prei’ent incoming or outgoing noise on the AC supply line

or the capacitance' of the AC line and circuit itself, decaying towards zero as the

“capacitance discharges.

The aiitomatic integrated doubler/bridge switching circuit described in US
patent number 5,162,984 works well with a constant sinusoidal AC supply voltage
but suffers when missing cycles occur on the mains input.

This circuit reacts in WO very different ways to missing cycles of AC mains,

depending on whether the mains input recovers with the same or the opposite

polarity to that which it had at the mterrupnon of power.

Figures 4A - 4E show timing relatio'nships" for the operation of a known
automatic doubler/bridge circuit in voltage doubling rectifier mode during and after

a missing cycle of power supply which recovers with the opposite polarity to that

when the interruption started. Features identical to those in figures 3A - 3E have

identical reference symbols.
At time t_, the AC supply V is interrupted, shown in figure 4A; it returns

with the opposite polarity at time t_, rather less than one period later. During the

. missing cycle between times t, and t_,, the capacitors C,, C, discharge through the

-applied load and so the output voltage (V¢ + V) drops. The rate of voltage decay

depends on the current demand of the applied load and the size of capacitors C,,
C,. Due to the tack of input power, the current Iy through the triac, shown in figure
4D, falls below 1ts holding current and it turns off at time rms: When the power
returns at time t.,, the AC supply voltage which has been held above zero by
inherent capacuance in the mains supply system a_nd the electrical apparatus'

containing the circuit crosses the zero voltage line to atain the 'polarity of the

recovered AC i inm.t The conrrol circuit fnterprets this as as a <Landard zero crossing

detection, and initiates twiac firing puises a delay d, later, at time t’,I as after 2
normal zero crossing point. This initiates triac conducton, figure 4D, and further

charging of the capacitor C.. raising the capacitor’s terminal voita.qe Vo figure 4E,
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and the DC output voltage, figure 4F. Voltage doubling mode thus recommences

very soon after the recovery of the AC mains, and full DC output voltage is.
achieved at time tg, during the se_c_o‘ﬁd full half cycle after AC supply recovery time

toe The maximum reduction in output voltage dVpc below the reference value

- VpcP is minimised by the fact that the input voltage resumption at time t,; instantly

causes a zero crossing, and resumption of voltage doubling mode. The triac firing
pulses generated after the resumption of power at time t_ are stopped if a further
zero crossing t, occurs before the triac firing pulse generation period d, has
elapsed. After the next zero crossing time t.» normal operation resumes. with the
generation of triac firing pulses at time tg,. '

Figures 5A - SF show analogous timing relationships for the operation of such
an automatic doubler/bridge circuit operating in voltage doubling rectifier mode
chiring and after a missing cycle which recovers with the same polarity as that when
interrupted. Features identical to those in figures 3A - 3F have identical reference
symbols. | |

At time t_, the AC supply Vyy is interrupted; it'returns with the same

polarity at time t_,, somewhat less than one period later. During this missing cycle

“the capacitors C,, C, discharge through the applied load and so the output voltages

Ve, Vo drop. The rate of voltage decay depends on the current demand of the

applied load L. At the time of power 1nterrupt10n tms the current Iy through the =

triac stops and the triac turns off.

When the power returns at time tmps the circuit is in bridge recnfxer mode, as
the triac is turned off. For the remaining part of the half cycle until time teas there
are no valid zero crossings to initiate triac firing pulses and hence triac conduction
and voltage doubling. Following the resumption of power at time t.,, the voltage
Voc1 available to capacitor C, is half that which it would have been without a.

missing cycie the other half of the voltaoe also being avaﬂable to capacitor C,. This

'rnay help the recovery of DC output voltage (V;+ V), f1g1_.re SF, (depending on

the state of discharge of the capacitors C;, G,) but the DC ourput voltage remains
much reduced. Following the next valid zero cross at time te the next triac firing

pulse series begins at time tﬂ. and voltage doubling rectifier mode is resumed. As

shown in figure 3F, the DC output voltage (Ve + V) is reduced from the time of -
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the power mterrupnon tms until the second full half cycle after power resumpuon '
(one of each polarity), even -though full power has been available since the
resumption of power at time t_,. The output voltage drop dVp is greater than that
in the case of power resumption with opposite polarity, figure 4F. This reduction
in output voltage dV can be significant Qhen moderate to heavy loads are applied.

to the output DC supply. This voltage drop can impair the functioning of computers

" and video equipment by causing loss of stored data and faulty video signals.

An object of the current invention is to provide an automatic doubler/bridge

circuit consuming a minimum amount of power,'iﬁ the generation of triac firing
_pulses, which is able to respond quickly to the resumption of low voltage range AC

~ power following a missing cycle, in order that voltage d'oubling be resumed as soon

as possible, to obtain full voltage output, minimising the voltage drop at the output

during a missing cycle.

Preferred embodiments of the i invention seek o prov1de an automauc voltage |
doubler/bndge switch which detects the presence of a :mssmg cycle over the entire
range of possible xnput frequencies, and acts to initiate triac conduction if the AC
voltace before interruption was within the lower defined range of voltages Rge2
and not to initiate triac conduction if the AC voltage before interruption was within

the higher defined range of voltages Rgel.

They also seek to provide an automatic doubler /bridoe circuit which recovers -

-quickly from missing cycles and will not double a h1gh range supply voltage if such

a voltage occurs upon supply resumptlon

The invention provides a circuit for converting an AC input voltage lying within a
predetermined range of frequencies and which varies on either side of a base line
voltage into a DC ourput voltage at or above a predetermined minimum level
comprising: - - o : |

a vo'ltage rectification circuit which is operable ina first mode 1o rectify an

AC input voltage lying in a first range of values-to produce said DC output voltage
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‘and which includes a switch element having a control terminal for receiving a

control signal to select the first mode;

baseline voltage crossing detection 'circuitiy arranged to detect baseline
crossings of the AC input voltagé and to generate the control signal responsive to
each baseline crossing; S _

a timer which is reset at each baseline crossing and which commences
measuring a delay from each reset, the timer being opéfable to generéte the control
signal when the delay reaches a predetermined value, the prédetexmined value of
the delay being greater than the half period of the lowest of the predetermmed
range of frequencies.

The particular features of the invention substantially_ reduce the drop in
output DC voltage of an AC 10 _'DC converter when a missing cycle of AC supply
voltage occurs, while maintairiing a lo_w' power consumption by the circuit. The
control signal is applied to the switching element for a period of time when a

missing cycle is detected.

A particular embodiment of the invention provides a circuit wherein the
control signal is generated at a predetermined time after each detected baseline
crossing, the predetermined time being much shorter than thé half period of the
lowest of the predeiermined range of frequencies. This ensures that the first mode
of operation commences as soon as possible after each baseline crdséing detection,
without consuming excessive power in generating the control S1gna1 for a longer
period than necessary. '

- Particular embodiments of the invention provide a circuit wherein the fxrst

mode of operation increases and rectifies the AC input voltage and a second mode

of operation rectifies the AC input voltage when the AC input voltage lies above

the first range of values, the switch element being operab'le to select between the
first and second modes of operation. This allows a substantially constant DC output
voltage 10 be produced when different AC input woltaves are e.ppued

A voltage leve1 detection circuit may be provided for determining whether

“the AC volrage lies in the <ecopd range of values and for producing a detec‘mn

signal. This allows the selection of the mode of operation ba.ed on the mput AC
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voltage level.

Means may be prowded for mhlbltmg supply of the control signal to the
switch element when the detection signal indicates that the AC 1nput voltage is
inside the second range of values. This allows the prevention of increasing an AC
input voltage lymg within the second range

The switching element may be a tnac The control 51gna1 will then con51st of.

- a plurahty of pulses apphed to the gate terminal of the triac.

~ The various penods of time may be measured by one or more dlgltal
counters, being supplied with a clog:k signal. This allows easy integration into an
integrated circuit, and accurate cohtrol over the timing periods.

A first digital timer may be provided to measure the predetermined time after
each detected baseline crossing; a second digital timer may be prov1ded to measure
the first t1me period from the first initiation of the pulses; a third digital timer may
be provided to measure the predetemune.d value of the delay and a fourth digital
timer may be provided to measure the second time period from the second
initiation of the pulses. | |

Alternatively, a single digital timer may be used in conjunction with logic -

. circuitry to measure both the predetermined delay and the second time period from

the second initiation of the pulses.

One embodiment .of the invention will be described in detail below, with
reference to figures 6A to 10 of the accompanying diagrams, in which:.
Figure 1is a circuit schematic of a doubler/bridge rectifier circuit;

Figure 2 is a circuit’ schematlc diagram of an automatic voltage

-doubler/bndge rectifier circuit of the pnor art, 1ncorporat1ng an mtegrated control

circuit; - _
Figures 3A - 3F are timing diagrams of various voltages applied to and
supplied by an automatic doubler/bridge circuit such as that of figure 2, operating

 in voitage doubling rectifier mode during a period of constant AC supply;

Figures 4A - 4F are tming diagrams of various voltages applied :0 and

supplied by an automatic doubler/bridge circuit such as that of figure 2, operating

in voltage doubling rectifier mode during a period including an interruption of the
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AC supply which recovers w1th opposite polanty to that which it had just before
being interrupted; ' |

Figures 5A - 5F are ti_miﬁg diagrams of various voltages applied to and
supplied by an automatic doubler/b;idge circuit such as that of figure 2 during a
period including a different interruption of the AC supply which recovers with the
same polarity as it had just before being interrupted;

Figures 6A - 6F are timing diagrams of various \?oltages applied to and
supplied by an automatic doubler/bridge circuit of the invention during a period
including an interruption of the AC supply identical to that in figures SA - SF;

- Figure 7 is a circuit schematic diagram of circuitry according to a first
embodiment of the present invention;

Figure 8 is a circuit schematic dxagram of a counter accordmg to a second
embodxment of the invention 7; and

Figures 9 and 10 are circuit schematic dlagrams of cxrcuxtrv according to a

‘third embodiment of the invention.

Figures 6A - 6F show'timing diagrams, analogous to those bf f_igurés 5A - 5F,
for the operation of the circuit of the invention operating in voltage doubling mode

during and after a missing cycle which recovers with the 'sam.e polarity as that when

‘interrupted. Identical features to those in figure SA - SF have identical reference

symbols. _ _ )
The circuit of the invention detects a missing cycle by sensing a missing zero

crossing. A timer counts from each AC voltage zero-crossing time tg until a certain

. time period dzc has expired, such time period being greater than the half period

- of the lowest frequency AC voltage input likely to be encountered. Under normal

operation the timer is reset at each zero crossing and never reaches the end of its
timing period. | | ' |

When a missing cycle, such as that berween times t, and t,, in figure 6A
occurs, the timer counting the urne period from the zero crossing tme t, is not
reset before the expiry of its tming period d,c. Upon expiry of this period, at time

tg repeated triac firing pu1<es begin (figure 6B). Timing period dy is fixed such

‘that time t; is approximately that at which a peak volt aoe of a maximum frequency
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input is due. The generation of continued triac firing pulses on VGT, figure 6B,

ensures that when the AC mains recovers at time t,, triac conduction immediately

" begins, shown as an increase in Iy in figure 6D, and the whole input voltage
- available from AC input voltage V. is applied to eapacitdr C, (figure 6C). In the

case illustrated in figure 6C, capacitor C, is fully charged at time txz; as for a
normal positive half cycle. o
The continued triac firing pulses are stopped at the next valid zero crossing

time ts @s this indicates the resumption of AC power. Triac firing pulses on VgT

- are then produced at time t,; as normal operation resumes (ﬁgure 6B)

A further timer is provided so that in case the 1nterrupt10n of AC mains lasts
longer. than one cycle, continuous triac firing _pulses continue for a_ltime at least
equal to one pen’od of lowest frequency AC mains and then stop.

The circuit of the invention ensures that voltage doubling recommences at
time tn, as soon as AC input power is avaﬂable minimising the greatest drop n
DC output voltage, dVDC Full DC output is resumed at time t'g, durmg the first'

normal half cycle after resumptlon of AC power

Figure 7 represents a circuit according to an embodiment of the invention.
The circuit forms part of the integrared control circuit 7 of figure 2 and uses the
signals T1, Ck and RI generated within that integrated control circuit, as described
above. Four digital counters 31, 33, 35, 37 are supplied with the clock signal Ck
generated within the integrated circuit. The counters have their reset terminals 41,
43, 45, 47 connected together SO as to receive the Signal T1, -generated within the
integrated circuit, which Supplies a short HIGH pulse at every zero' crossing. -

Counters 31, 35 provide a LOW output when reset, changing to a HIGH at the end

-of their respective count periodsﬁ counters 33, 37 provide output signals of opposite

polarity.

Counter 33 has a seeond, poéitive edge-triggered, reset input 53 so that it may
also be reset by a rising edge on the ourput of counter 31; counter 35 has a second,
negative edgeﬁriggered .I‘eSé.‘t input 55 5o that it may aiso be reset by a falling edge
on the outpur of counter 33; counter 37 has a second, positive edge triggered reset

inpur 37, so that it may also be reset by a rising edge on the output of counter 35
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The outputs of counters 31, 33 are each connected to one input of AND gate 61;

- the outputs of counters 35, 37 are each connected to one input of AND gate 63.

The output of each of the AND gates 61, 63 is connected to an input of OR gate
65 The output of gate 65 is connected to one mput of three-mput AND gate 67.
The second input of gate 67 receives the clack 51gna1 Ck and the third input

‘receives the active high signal RI, generated within the -mtegrated circuit, which

indicates that the AC supply voltage lies within the lower defined range. The output

~of gate 67 is connected to the control terminal of transistor 69, whose source is

connected to a -9V supply voltage, and whose drain is connected to the control gate

of the triac T.

Counters 31, 33, 35, 37 are used in succession. All are reset by a valid zero
cross detection signal T1, taking the oufputs of 31, 35 low and the outputs of 33, 37
high. With reference to figures 6A - 6F and figure 7, the first counter 31 counts the

~ delay d, from the zero crossing points t. - t.; until the commencing of triac firing

pulses at times t, - t;5. When the delay d, has elapsed, the output of 31 goes high,
producing a high output from OR gate 65. Provided the circuit is in doubler mode,

- indicated by a high signal RI, repeated triac firing pulses are then produced'by the
‘propagation of the clock signal Ck by AND gate 67 to the control electrode of

transistor 69, which connects the gate of triac T to the -9V supply voltage. These
pulses continue for the period of time d,, determined by a second counter 33. At
the end of its count penod the output of counter 33 goes low, which removes the
high outputs of cates 61 65 disabling propaoauon of clock 51gnals Ck through gate
67 and also resetung counter 35. _

This counter 35 counts a timing period which, when added to the time periods
d, and d, counted by the first two counters, measures a total period equal to the
delay dyc. | o .

In normal operation with an AC input voltage of the lower range Rge2, the
third counter 35 is reset at each Zero crossing point ty -'tcs, occurring every half
cycle, and so never reaches the end of its count period. When a missing cycle is
encountered, no AC input zero crossing occurs within time period ch: the third

counter 35 is not reset and counss to the end of its period. The output of this third

q

counter 35 ‘then goes high, resetting counter 37 and producing a high throucrh gates
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63, 65 to gate 67, enabling the propagation of clock puises and hence triac firing
pulses. These pulses continue until either the next valid ZEro Cross is detected,
resettmg the counters and indicating the resumptlon of normal AC supply or until
the fourth counter 37 has counted fo; a certain time, which is at least one period
of the lowest expected frequency AC supply, at the end of which its output goes low
and stops the generation of triac pulses by turning off gate 67._This is necessary so
that, in the case of missing cycles lasting longer than one supply period, the control
circuit does hot generate continuous triac pulses, as the power consumed by the
control circuit would discharge the supply'smo_othing capacitor (11 in figure 2)
below the minimum sﬁpply voltage required by the circuit.

The use of the low AC range indication signal RI at gate 67 ensures that triac

| firing pulses are only generated provided that the AC Supply voltage just before loss

of power was within the lower defined range of voltages. If, during the period of
continuous triac pulse gereration, a supply voltage in excess ef._the upper limit of
the lower defined range is .detected', the triac pulses immediately cease, due to a
low signal RI at gate 67, preventing.the_ doubling of a high range voltage.

This embodiment incorporates separate timers for timing the normal firing

pulse delay d,, the normal period of generation of ﬁring pulses dP, the missing cycle

~ detection period 'dzé, and the time limit for firing pulse generatio'n following

missing cycle detection. However, the functions of two or more of the counters 31,

33, 35, 37 described may in fact be tapped from one single counter so that rather

than each counter being reset at the end of its cycle, the single counter signals when
each period has ela'psed.' The single counter is then reset by a zero crossing
detection 51gnal T1. '

Two alternatxve embod1ments will be described usmg this prmc:ple

In a particular implementation of the invention, suitable for use with the

" control circuit sold as the AVS-3 of SGS Thornson Micr oelectromcs the normal

triac firing pulses are produced in a time window from 1.61ms 10 3.52ms after each
zero crossing point. Seventeen puises are produced, » from a clock signal Ck of 109%
duty cycle, 4.4kHz frequency and a period of 230us. The higher range of voltages

Rgel is from 176 t0 264Vrms, the lower range of voltages Rge2 is from 88 to
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132Vrms and the expected range in AC input frequency is from 47to 63Hz. This
example will be used in the following discussions.

Figure 8 shows a circuit for timing the period of firing pulse generation |
following a missing cycle independehtly of the normal firing pulse delay d; and
period of firing pulse generation dp.'The clock signal Ck is provided via OR gate
G1 to a D-type flip-flop FO. This D-type flip-flop has its inverted output QN
connected to its.input D. Identical flip-flops F1 - F7 are cé_scaded to the output of
F0. All the flip-flops FO - F7 have their reset terminals RN éonnected together, and
these are further commected to receive a 51gna1 from NAND gate G2 and an
inverter G3. NAND gate G2 has its second input avallable for use as a second reset
input, which receives an active LOW pulse from other_ circuitry within the
integrated circuit to indicate the end of the norfnal triac firing period d,. NOR gate
G4 receives thé inverted outputs of flip-flops F5 and F7. Flip-flop F8 has its input
connected to the output of a NAND gate GS, whosé inputs are connected to the
inverted outputs of flip-flops FS and F5. The reset terminal of F8 is connected to
the output of NOR gate G6, whose inputs are the ohtput of NOR ga'te' G4 and the
dutput of an inverter G7, whose input is the reset signal frdm inverter G3. The

inverted output of flip-flop F8 is inverted by inverter G8. The zero crossing detect

‘signal T1 is applied to inverter G9, whose output is connected to the first input of

NAND gate G2. | _

The signal from inverter G3 iS normally high,'but becomes low; and hence
resets the flip-flops FO - F7 connected to 'it', whén a zero crossing occurs on the AC
mains supply, indicated by the signal T1 pulsing high'énd causing inverter G9 to
send a LOW pulse to the first input of NAND‘ gate G2, or ai the end of the normal
series of firing pulses, when a LOW reset puls_é is applied to the second input of
NAND gate G2. With all the ﬂip-ﬂops reset, their inverted outputs QN are all 1.
The clock signal Ck is suppiied to. the input D of flip-flop FO. This flip-flop is
conneaed as a divide-T -by-TWo count=r thus its output is a periodic wav efom of 20%
dury cycle and haif tne treque'lcv of the 'npu cloc< C‘ Similarly, the outpur of flip-
flopFlisata frequency one quarter that of the clock frequency and so on umntil the

ourput of flip flop F7 counts one cvcle for 256 cycles of the clock signal Ck.
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Flip-ﬂop. F8 is ccnnected as a latch. When the active-low reset signal is

‘supplied by inverter G3 at zero cr_bssing or the end of the normal firing pulse

period d, the inverter G7 and the NOR gate G6 propagate this to ﬂip—ﬂbp F8.
When the output of inverter G3 goes high again after the reset pulse, the output
of NOR gate G4 will be low, and the active-low reset pulse to flip-flop F8 will end.

Tts inverted output will therefore be high, as will be the inverted output of flip-flop

FS5. Hence, the output of NAND gate GS, and the input to flip-flop F8, will be 0

and flip-flop F8 will remain in a stable state. This represents the start of the missing

-cycle detection period dzc (d, +dp)

After 32 cycles of clock Ck, bemg 7.3ms w1th the 230us clock the inverted

- output of flip-flop F5 will go low, causing the output of NAND gate G35 to go high,
* and the inverted output of flip-flop F8 to change state to 0 at the next clock pulse.

This keeps the output of NAND gate GS at 1 after the output of flip-flop FS has
changed state again at 64 clock cycles. The latch F8 is now in a second stable state
and retains a O inverted output, supplying a 1 at the output of gate G8. This
represents the expiry of the missing cycle detection period, dy, 2 total of 12.8ms
after the previous zero crossmg | : |

The output of NOR gate G4 goes HIGH after 160 mput clock cycles, being
the time at which both of its inputs are zero: the output of fhp-ﬂ_op F7 goes to zero
after 128 cycles of Ck, and the output of ﬂip-ﬂop.FS_ next goes low after a further
32 cycles. The high output from NOR gate G4 causes a low output from NOR gate
Gé6, and the latch F8 will reset, returning its inverted output to 1, and tﬁe output
of inverter G8 to 0. This corresponds te 36.8ms after the end of the previous

normal firing pulse generation period d,, and the end of the continuous firing pulse

| generanon after missing cycle detecuon Once the output of NOR gate G4 is

HIGH, this places OR gate G1 in a HIGH state, which prevents the transmission
of any further clock pulses. The 'counter compnsmg flip-flops FO - F7 therefore
stops. The counter holds the value 10100000 and the output of gate G1 i is held high
until the counter is reset by the next mains voitage zero c;ossng pom'

The output of inverter G8 is connected to circuitry such as gate §7 receiving

signals Ck and RI, transistor 69, triac T and a -9V supply as shown in figure 7. The

output of gate G8 takes the place of the output of gate 63 at the first input of gate
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- 67, enabling the generation of continuous triac gate firing pulses when in 2 HIGH

state.

. In this way, the required ﬁmctionality of enabling continuous triac firing
pulses starting at 7.36ms, being 32 clock periods', after the end of the normal triac
triggering pulse period d,, or 12.9ms after the prevxous zero crossing is achieved.
These pulses continue until exther the next zero crossing or for a maximum penod
of 29.44ms, being 128 clock cycles, which ends 160 clock cycles or 36.4ms, after the
end of the normal triggering pulse period d,. Different frequency clock signals may
be used, with the connections of gates G4 and G5 changed to enspfe correct timing.

In this embodiment, the counter for the missing cycle detection is independent from -

the counters for the normal triac window, except for the reset signals provided at

the end of the normal triac firing period.

Figures 9 and 10 représent; schematicaHy,. a third embodiment of the
invention, where a single counter is used to coﬁnt the periods d, from zero cross to
start of triac gate pulse firirig window, the duratiop of triac firihg window d,, the
time from the zero crossing to the end of the missing cycle detection delay dyc, and
the time period for generation of continuous triac firing pulses.

Again, a cascade of eight D-type latches HO - H7 is used, each one being
conﬁgured' as a divide-by-two counter, with its inverted output QN being fed back
to its input D. The clock signal Ck is supplied to AND gate .TO, which. receives a
normally high stop input S on its other input. The reset inputs RST of the latches

“are connected together,' and connected to the active-HIGH zero crossing signal T1

by inverter J1. The cascade of ﬂip-ﬂ_ops then functions as an 8-bit counter.
Connections are made to the inverted (QNO - QN7) and non-inverted (QO0 - Q7)
outputs of each of these counters. . | | -
NAND gates J2, J3, J4, IS, J 7 have thexr inputs connected to selected mverted
and non-inverted outputs (QNO - QN7, Q0 - Q7).
NAND_g'ate J2 has its inputs _cdnnecred to the non-inverted ourputs QO, Q1
of flip-flops HO, H1 and the inverted ourputs QN2, QN4, QN5, QN7 of flip-flops

H2, H4, HS, H7; NAND gate J3 has its inputs connected to the non-inverted

outpurs Q2, Q4 of flip-flops H2, H4 and the inverted ourputs QNO, QN1, QN3.
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QN7 of flip-flops HO, H1, HS, H7, NAND gate J4 has its'ihputs connected to the
non-inverted outputs Q0, Q2, Q4, QS of flip-flops HO, H2, H4, HS and the inverted
outputs QN1, QN7 of flip-flops H1, H7; NAND gate J5 has its inputs connected to

‘the non-inverted outputs Q35, Q7 of ﬂip-ﬂops H5, H7 and NAND gate J7 has its

inputs connected to the inverted outpﬁt_s QN3, QN6 of flip-flops H3, H6.
The outputs of NAND gates J2, J3, J4, I5 are each connected to an input of

a four-input AND gate J6. The oﬁtputs of J6 and J7 are connected to inputs A, B
of a three-input OR gate J8. The third input C is connected to the clock signal Ck.

The output of J8 is connected to the input of toggling latch M, whose reset input
is connected to the output of AND gate J9. The output of NAND gate J5 supplies
the signal S to AND gate JO. AND gate J9 produces an active low reset signal to

- latch M when either the inverted zero crossing detection 51gnal T1 from gate Jlor

the swnal Sis low After a reset pulse from zero crossing signal T1, all non-mverted
inputs QO - Q7 will be low and all inverted outputs QNO - QN7 will be high, and
the output Qy of toggling latch M will be low.

The toggiing latch M may be a D-type flip ﬂop with its inverted output 6M

. connected to its input Dy, and receiving toggling pulses on its clock input C,\,l

‘Active-low pulses are provided to the toggling latch M by gating single'pulses

~ of clock signal Ck through OR gate_J 8. Propagation of clock pulses at other times

is prevented by holding one of the inputs of J8 high.
Triac firing pulses are enabled by a high level on the output of the toggling
latch M which is connected to an input of AND gate 67 in figure 7, whose otlier

" inputs are connected to the clock sxgnal Ck and the low AC ra.nge 1nd1canon signal

RI as described earlier. _ L . _
The output of gate J7 holds the output of I8 high and so preventing
propagation of any clock pulses to togghng latch M unless QG and Q3 are
simultaneously low. '
The active-low output of NAND gate J2 holds the output of gate J low when
the state 0X00X010 occurs on counters H7 - HO respecuvely, NAND gate J3
functions identicaily for the state 0X01X100, gaie J-‘r for the state 0X11X101 and
gate JS for the state 1X1IXXXXX. | ' |

Active-low pulses are produced by gate. I8 when both of its inputs A and B
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are low, and an active low clock pulse occurs. Its input A is low when one or more

of the outputs of gates J2, J3, J4 and J5 are low. The mput B is low when the
output of J7 is low (.e. QN3=QN6=1; Q3 Q6=0).

Using this counter, the normal triac firing pulseé are first énabled by the
output of toggling latch M going high. The first low pulse is generated from gate
J2 at a count of 00000010. This corresponds to time ty in figure 6B. When the

" counter reaches a count of 00010100, gate J3 generates a low pulse, which is

propagated by gates 36, J8 to return the output of togglihg latch M to low. Between

these two events, seventeen clock cycles occur, and seventeen triac firing pulses are

- generated. This represents the triac firing period d, for the normal mode of

operation during periods of constant AC supply. At a count of 00110101,

representing time t., in figure 6B, 12.2ms after zero crossing, triac firing pulses are

- re-enabled by the output of gate J4 going low, causing a further active-low pulse to

be propagated to change the output of toggle latch M to a high state. In normal

circumstances, the counter is reset before 10,7 ms -after'zero-cfoss_ing, by the next .

. zero crossing indication on signal T1, and the count required to change the' output

state of gate J4 is never reached.

If no zero crossing and hence counter reset, has occurred before the counter
has reached a count of 10100000, being 36.8ms after the last zero crossing, gate J5
enables a further active-low pulse to toggling latch M, disabling generation of
further triac pulses. This output S from gate JS is also supplied to the S input of
AND gate JO, which prevents further clock pulses from reaching latch HO, hence

. stopping the clock at a count of 10100000.

The current invention therefore fulfills its objectives by detecting missing
cycles of AC mains and 'ensuririg that volté.ge doubling mode, if required, is
initiated as soon as mains voltage returns, reducing both the -magﬁitude and
duration of the drop in DC output vol’tage' during the missing cycle. The circuit of
the current invention ensures thar doubling of a high voltage does not occur. The
power consumption of the circuit is kept 10 a minimum by producing only a limited

aumber of triac firing pulses during normal operation under constant AC supply.
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The circuit may be used in an environment where voltage doubling is always.
required. In this case, the invention acts to protect the load from any random surges
of line voltage e.g. transmitted by a sﬁpply line in the vicinity of a lightning strike,
by immediately disabling voltage doﬁbling. The circuit of the invention is also useful
in minimising the loss of DC power during missing cycles. If protection from line

voltage surges were not required, the range detection signal RI could even be

omitted.
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A circuit for converting an AC input voltage lying within a predé’termined

range of frequencies and which varies on either side-of a base line voltage

into a DC output ;oltagg at or above a predetermined minimum level
comprising: N | | | o

~-a voltage rectification circuit which is operable in a first mode to
rectify an AC input voltage lying in a first range of values to produce said DC
output voltagé and which inclu_dés a switch element having a §ontrol terminal
for recéiving a control signal to select the first mode; -

baseline voltage crossing detection circuitry arranged to detect baseline

crossings ‘of the AC input voltage and to generate the control signal

responsive to each baseline crossing; _

a timer which is reset at each baseline crossing and which commences
measuring a delay from each reset, the timei' being operable to generate the
control signal when the delay reaches a predete_mﬁnéd value, the
predetermined value of the delay being greater than the half peﬁod of the

lowest of the predetermined range of frequencies.

A circuit acéording to claim 1 wherein the control signal is generated
at a predetermined time after each detected baseline crossing, said
predetermined time being 'much shorter than the half period of the lowest of

the predetermined range of frequencies.

A circuit according to claim 1 or 2 wherein the first mode of operation

increases and rectifies the AC input voltage.

A circuit according to claim 3 wherein the voltage. rectification circuit
is operable in a second mode of operarion to rectify the- AC input voltage
when the AC input voitage lies above the first range of values, the switch
element being operable 10 select berween the f_izsz and second modes of

operation.

A A
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A circuit accordmg to claim 4 which includes a voltage level detecuon

24

- circuit for determining whether the AC voltage lies in the second range of

values and for producing a detection signal.

| A circuit aceording to claims 4 and 5 which includes nteans for -

| mh1b1tmg supply of the control signal to the switch element when the

detection signal 1nd1cates that the AC input voltage is 1ns1de the second range
of values.

A circuit according to any preceding claim wherein the switching
eler_nent is a triac and the control signal comprises a plurality of pulses for
repeatedly firing the triac.

A circuit accordmg to cla1m 7 wherein the pulses are generated for a
first time period from a first initiation of the pulses on detectlon of a baseline

crossing

" A circuit accordlng to claim 8 wherein the pulses are generated for a
second time penod from a second 1mt1at10n of the pulses when the measured

delay reaches a predetermined value.

A circuit according to claim 9 wherein the pulses are terminated on
detection of a baseline crossing of the AC input voltage by the baseline

crossing detection circuitry.

A circuit accordmg to any precedxng claim wherein the voltage

recuflcatlon circuit 1ncludes at least one smoothmg capacitor.

A circuit accordmsz 0 anv precedmg claim which cor‘mnses at least

one digital timer.

* c L M S *
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A circuit according to claim 12 when appended to claims 2, 8 and 9

wherein a first digital timer measures the predetermined time after each
detected baseline crossing; a second digital timer measures the first time
period from the first initiation of the pulses; a third digital timer i_neasur_es
the predetermined value of the delay and a fourth digital timer measures the

second time period from the second initiation of the pulses.

A circuit accordihg to élaim -13 wherein | the digital ‘timers are
connected in sequence and each digital timer is reset both at each detected
baseline crossing and at the explry of the time measured by the preceding
digital nmer

A circuit according to claims 9 and 12 wherein a single digital timer
is used in conjunction with logic circuitry to measure both the predetermined

delay and the second time period from the second initiation of the pulses.

A circuit according to claim 16 wherein the single digital timer is reset
at each detected baseline crossing, and the output of the logic circuitry
changes state at the expiry of the predetermined delay and changes state at

the expiry of the second time period from the second initiation of the pulses.

A circuit according to any of claims 12 to 17 wherein the digital timer

comprises a digital counter connected so as to receive a periodic signal.

A circuit according to claim 17 wherein the digital counter is a

" multistage counter and supplies inverted and non-inverted outputs at each

stage, the inverted and non-inverted outputs being connected to a latch via
logic circuitry, to generate a signal 10 change the state of the latch when the

appropriate time periods have been measurad.

R
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A circuit according to claim 18 wherein the signal to chénge the state

of the latch is derived from the periodic signal sﬁpplied to the counter.

A circuit according to either of claims 7 and 17' wherein a logic gate

receiving the periodic signal and the detection signal from the baseline

crossing detection circuitry. and which propagates the periodic sxgnal to

-generate pulses for repeatedly ﬁnng the triac.

A circuit according to claim 23 wherein the periodic signal propagated
by the logic gate is supplied to the gate of a transistor, whose source and

drain are connected to a supply voltage and the gate of the triac, respectively.

A c1rcu1t substantxally as herembefore described with reference to or -

as shown in the accornpanymg drawings.
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