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BACKGROUND QF THE INVE N

The invention relates to a switch mode power supply
(SMPS). In particular, the invention relates to a SMPS that derives
a rectified input supply voltage from an AC, mains supply voltage
to produce an output supply voltage.

Typically, such SMPS employs a full wave rectifier
bridge that rectifies a sinusoidal mains supply voltage and charges
an input filter capacitor to produce the rectified input supply
voltage. The filter capacitor has a sufficiently large value for
reducing, in the input supply voltage, the magnitude of a ripple at
the fundamental frequency and at the harmonics of the mains
supply voltage. In this way, ripple voltage is prevented from
occurring in the output supply voltage.

The filter capacitor draws narrow pulses of input
current having a high peak value from the mains supply voltage
source. The current pulses occur only in the vicinity of the peaks
of the sinusoidal mains supply voltage. Therefore, the waveform
of the input current contains undesirable low frequency
harmonics of the mains supply voltage frequency. The result is an
undesirable decrease in the power factor to about 0.65 and an
undesirable increase in distortions of the waveform of the mains
supply voltage.

Recently, an interest has evolved for revising
European Standard ENG60 555-2 for the purpose of reducing the
permissible low frequency harmonic content of the waveform of
the input current. It may be desirable to reduce the low
frequency harmonic content of the waveform of the input current
without significantly increasing a ripple voltage in the output
supply voltage.

ARY OF
A switch mode power supply, embodying an aspect of
the invention, includes a source of an AC, mains supply voltage. A
first rectifier is coupled to the mains source for rectifying the
mains supply voltage without filtering out a low frequency
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rectified output supply current. A third rectifier is coupled to the
mains source and to a filter capacitor for rectifying the mains
supply voltage to develop current pulses in the capacitor for
producing a rectified, second supply voltage in the capacitor. A
second switching arrangement is coupled to the second supply
voltage and responsive to a second switching signal for developing
in an inductance that is coupled to the capacitor a second plurality
of current pulses at a frequency that is substantially higher than
that of the mains supply voltage. The second plurality of current
pulses are coupled via a rectifier to produce a second portion of
the output supply current. A pulse-width is lengthened and a
peak amplitude is decreased of a given current pulse in the
capacitor.

RIEF IPTION DR

FIGURE 1 illustrates an SMPS, embodying an aspect of
the invention, that utilizes a current super-position technique;

FIGURES 2a-2h illustrate waveforms useful for
explaining the operation of the SMPS of FIGURE I;

FIGURES 3a-3c illustrate additional waveforms useful
for explaining the operation of the SMPS of FIGURE 1;

FIGURE 4 illustrates a second embodiment of the
invention;

FIGURES 5a-5¢ illustrate waveforms useful for
explaining the operation of the arrangement of FIGURE 4;

FIGURE 6 illustrates a graph providing the input power
factor in the arrangement of FIGURE 4; and

FIGURE 7 illustrates a graph providing the harmonics
content of the input current in the arrangement of FIGURE 4.
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wi thout5filfefd nmituleafbpVpidvddudfICfor example, 120 watts power. A
mains supply voltage source 107 that produces an AC voltage VM
is coupled to a full-wave bridge rectifier 102 that produces an AC
full-wave rectified input supply voltage V1 in a relatively small
filter capacitor Cl. AC voltage VM of source 107 is sinusoidal at,

10 for example, a line frequency of 50 Hz. Because of the small
capacitance of capacitor Cl, low frequency harmonics of voltage
V1 are not filtered out by capacitor Cl. . Voltage V1, having a
waveform of an unfiltered, full wave rectified sinusoidal voltage,
is coupled via a switching diode D1 to an end terminal W2a of a

15 primary winding W1 of a flyback transformer T.

A switching signal V9, having a controllable frequency
and duty cycle, is coupled via a resistor R3 to a resistor R14 and to
a gate of an MOS switching transistor Q1 to turn on transistor Ql
only when signal V9 is at a HIGH level or 12 volts. The drain

20 electrode of transistor Q1 is coupled to the other end terminal of
winding W1. Signal V9 is developed at an output terminal of an
integrated circuit (IC) 103 of the type TDA4605 operating as a
pulse-width modulator. The frequency of signal V9 is selected to
be within a range of 20-50 KHz.

25 ' In a given cycle of signal V9, after signal V9 attains
the HIGH level, a pulse current ipl flows through diode D1. An
upramping current ip that is equal to curreat ipl in diode DI is
produced in winding W1, storing magnetic energy in transformer
T. Immediately after signal V9 changes from the HIGH to a LOW

30 level, transistor Q1 becomes non-conductive and a flyback
operation occurs. The result is that flyback pulse currents are
produced in secondary windings W2, W3, W4 and W35 of
transformer T. The drain voltage of tramsistor Ql is limited,
during flyback, by means of a snubber circuit, not shown.

35 As a result of flyback current pulses, such as a current
pulse is4 in winding W4, that are produced from pulses ip, DC
output supply voltages V3, V4, V5 and V8 are produced in
capacitors C3, C4, C5 and C8 via rectifying diodes D3, D4, D5 and
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devel op cur LeBin®UESRGuédrt B CARAtJE" VP and V8 are referenced to hot
' ground conductor H. Whereas, voltages V4 and V5 are referenced
to cold ground conductor G.
In normal operation, a DC sense voltage V30 that is
10 indicative of, for example, voltage V4 is produced in a circuit 30
by filtering and rectifying the flyback pulses in winding W3 and
voltage dividing. A resistor 30a is adjustable for adjusting the
output supply voltages by the adjustment of voltage V30. Sense
voltage V30 is applied to a sense input terminal, pin 1, of IC 103.
15 Voltage V30 is compared in IC 103 with a reference voltage 103a.
An error voltage 103b is produced from a difference between
voltage V30 and reference voltage 103a. Error voltage 103b is
coupled to an input of a stop comparator 103c to control a pulse-
width or a HIGH-to-LOW transition of signal V9 to regulate the
20 levels of output voltages V4 and VS.
: Voltage V1 is also coupled via a series arrangement of
a resistor R13, embodying an inventive feature, and a rectifying
diode D2 to a filter capacitor C2 for producing a supply voltage V2
in capacitor C2. Voltage V2 is a constant, DC voltage that is
25 proportional to the peak voltage of voltage V1. Voltage V2 is
coupled via an MOS switching transistor Q2 and a switching diode
D6, when transistor Q2 is conductive, to junction terminal W2a.
Terminal W2a is coupled between diode D1 of winding W1 and a
secondary winding W2 of transformer T.
30 DC voltage V8 developed, during flyback, via winding
W2 is larger by about 15V than voltage V2. Voltage V8 is coupled
to the gate of transistor Q2 via a resistor R8 and a resistor R12,
- coupled in series, to turn on switching transistor Q2 when a
transistor Q3 that is coupled to the gate of transistor Q2 is turned
35 off. By being larger than voltage V2, voltage V8 is sufficient to
turn on MOS transistor Q2. A protection diode D7 coupled
between the source electrode and gate electrode of transistor Q2
limits gate-source voltage excursions of transistor Q2.
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producing a rectified, second supply voltage in the _capagitar. A
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in capacitor C7 increases linearly. When signal V9 becomes LOW,
10 diode D9 conducts and capacitor C7 is immediately discharged
through the low impedance output formed at pin 5 of IC 103.

FIGURES 2a-2h illustrate waveforms useful for
explaining the operation of the circuit of FIGURE 1. Similar
symbols and numerals in FIGURES 1 and 2a-2h indicate similar

15 items or functions.

The pulse width of signal V9 of FIGURE 1 determines
the peak level of signal V7 that is developed in capacitor C7.
Because the voltage that is coupled via diode D1 to winding W1
has a full wave rectified sinusoid waveform, the feedback signal

20 to IC 103 causes the pulse width of signal V9 to vary as a function
of full wave rectified voltage V1. Consequently, the peaks or
envelope of signal V7 also varies as a function of voltage VI,
during the 10 millisecond period of voltage V1, as shown in
FIGURE 2d. In FIGURE 2d, for example, the ratio between the

25 period of signal V7 and that of voltage V1 of FIGURE 2a is
exaggerated for better clarity.

Signal V7 of FIGURE 1 is applied to an inverting input
terminal of a comparator formed by a transistor Q4 and a
transistor QS. A resistor RS produces emitter .currents in

30 transistors Q4 and Q5. A collector resistor R4 of transistor Q4
develops an output signal VI0 at an output terminal 13a of the
comparator. '

Output signal V10 is coupled to the base of transistor
Q3 to control switching operation of transistor Q3. The collector of

35 transistor Q3 is coupled to a load arrangement formed by resistors
R8 and R12 and energized by supply voltage V8 to develop a
switching signal V12 at the gate of transistor Q2.
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for explaining the operation of the SNP_S6c_)f FI GURE I%CAB
"FIGURE 4 illustrates a second enbodi nent of the | n?/ge%'ut I on;
FI GURES 5a-5e illustrate waveforns useful for expl ai ni ng the

. operation of the arr 4, Ter Fl E
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I'llustrates_ a graph. provi e I nput po ] actor 1n th )
ar r angenentSigRalk| diodgn ecomes conductivecurd 7curtendt ipd edsa graph

provi di ng tdedehgtedoni ¢6s long asoRnta@Ristot Qe refidihsCuirn@dl Jff lcRrent
Ef’”rangermmipffis':ln(cziltJRgEf:rf'érated. Transistor Q2 remains nonconductive as long
S as output signal V10 of the comparator is HIGH in a manner to
turn on transistor Q3 and, thereby, to turn off transistor Q2. Each
of primary current ipl and signal V7 increases in an upramping
manner after signal V9 becomes HIGH.
During a given switching period of signal V9, when
10 signal V7 of FIGURE 2d reaches a higher level than a threshold
voltage V11 of the comparator, comparator output signal V10 of
FIGURE 2e¢ changes from the HIGH to the LOW level. When signal
V10 attains the LOW level, transistor Q3 of FIGURE 1 is turned off
and transistor Q2 is turned on by means of signal V12 of FIGURE
15 2f. '
When transistor Q2 becomes conductive, diode D6 of
FIGURE 1 becomes conductive causing diode D1 to become
nonconductive. Therefore, input supply voltage V1 is decoupled
from winding W1 and voltage V2 is coupled to winding W1 via
20 transistor Q2. Primary current ip2 of FIGURE 2g in diode D6 of
FIGURE 1 causes current ip to continue flowing without a gap of
time from the time the pulse of current ipl ceases, as shown in
FIGURES 2g and 2h.
After a predetermined interval that is determined in
25 accordance with voltage V30 by IC 103 of FIGURE 1, signal V9
changes again to the LOW level that causes signal V7 to become
LOW. Signal V9 is also coupled via a diode D13 to junction
terminal 13a between resistor R4 and resistor R10. Diode D13
conduct when signal V9 is at the LOW level. Immediately after
30 signal V9 becomes LOW, signal V10 of Figure 2e is forced to be
LOW because diode D13 of FIGURE 1 conducts. Therefore,
transistors Q1 and Q3 are turned off. Transistor Q2 does not
conduct current although signal V12 at the collector of transistor
_ Q3 is HIGH because transistor Q1 is turned off. Advantageously,
35  because of the operation of diode D13, no current flows in
resistors R8 and R12 when signal V9 is LOW. The resulting
reduction in power dissipation is about 2,5 watts at 120 watts
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- 3 - DETAI LED DESCRI PTI O: THE W@ﬁ
“FIGURE 1 illustrates an SMPS 100, enbodyihg an . 88 the
invention, that utilizes a technique, referred to : herein as current
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to an end tgrh0atuféft GM®? of a conventional power supply that includes a

. large filter capacitance at the output of the bridge rectifier for the

10 same input power rate of a 100 watts. In each half-period of
voltage VM, the peaks of the pulses of current ipl vary
predominantly in a sinusoidal manner at the fundamental mains
frequency. Capacitor C2 is charged via resistor R13 only in the
vicinity of the peaks of mains voltage VM.

15 In accordance with an inventive feature, resistor R13
causes an increase in the conduction interval of the diodes of
bridge rectifier 102; thereby, resistor R13 reduces the rate of
change and peak amplitude of charging current i3, as illustrated in
FIGURE 3b. Thus, advantageously, high harmonics content of

20 current iM such as at the 3rd, 5th, 7th, 9th and 11th harmonics is
reduced. The peak value of the pulses of current i3 is low,
because the energy stored in capacitor C2 supplies only a portion
of primary current ip. About 65% of the power consumption is
obtained by means of current ipl and 35% by means of current

25 ip2.

Threshold voltage V11 controls the ratio between the
pulse-width of the pulse of current ip2 and that of the pulse of
current ipl. Because of a ripple voltage contained in voltage V30
during a given period of full wave rectified voltage V1, each of the

30 pulse-width of pulse-width modulated signal V9 and the peak of
signal V7 is approximately at a maximum when voltage V1 is zero
and at a minimum when voltage V1 is at a maximum. To
establish threshold voltage V11 for the comparator formed by
transistors Q4 and QS5, signal V7 is coupled via a diode D12 to a

35 parallel arrangement of a resistor R9 and a capacitor C10. A
voltage developed in capacitor C10 varies in accordance with the
low frequency envelope of the peaks of signal V7; whereas, the
high frequéncy component is filtered out. The voltage in capacitor
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15 primry winding W of a flyback tramgsformer T.RCA 86.983 A
- swtching signal V9, having a controllable frequency "and duty cycle,
is coupled via a resistor R3 to a resistor Rl4 and to . a gate of an MOS -
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- 10p Voltage V11 is -applied to the -nonianverting input of the
comparator formed by transistors Q4 and QS5.

For constant loading, the level of voltage V11 is
relatively constant. Therefore, the pulse-width of each of the
pulses of current ipl is the same. Whereas, advantageously, the

15 pulse-width of the pulses of current ip2 varies from a maximum,
when voltage V1 is zero, to a minimum, when voltage VI is at a
peak.

Increased loading, for example, causes, in each period
of signal V9, an increase in the pulse-width of signal V9. Thus,

20 the minimum pulse-width of signal V9 also increases that tends to
cause an increase in voltage V11. The increase in voltage Vil
tends to delay the instant, during each pulse of signal V9, when
signal V10 becomes LOW, and, therefore, when transistor Q2
becomes conductive. The result is an increase in the pulse-width

25 of the pulse of current ipl. Since the pulse-width of signal V9
also increases, a ratio between the length of the conduction
interval of transistor Q2 and that of transistor Q1 tends to vary
less than if, for example, voltage V11 were a constant voltage.
Therefore, advantageously, the ripple voltage of output voltage V4

30 is less affected by loading variations than if voltage V11 were
constant. It follows that the ratio between current i3 and ipl
varies less by loading. Therefore, the harmonic content of current
iM or the power factor is also less affected by loading.

At a predetermined increased loading condition, the

35 peak value of current i2 is limited. A further increased loading
causes also the peak value of current il to be limited. An even
further increased loading, such as a short circuit in the secondary
side, results in a burst mode operation in IC 103.
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produced in secondary wi ndings W2, W8, \Whand VB ofRCA 369?:?1sforrrer T.
- The drain voltage of transistor Ql Is limted, - during yback, by
means of a snubber circuit, not shown. 35 As a result of

~flyback current pul sefn ea¢hhcpcieaof ignait V9, whpu|§n€gna54»’9noWFIQJUEEV\4
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di odes D3, D93 i35chadged by a current that is equal to a sum of a constant-
current i2, developed via a resistor R2 from voltage V2, and a
5 current il, having a full wave rectified sinusoid waveform,
developed via a resistor R1 from voltage V1. When signal V9 of
FIGURE 2c is at the LOW level, voltage V6 of FIGURE 2b is clamped
to 1 volt, as determined by IC 103 of FIGURE 1. When signal V9
of FIGURE 2c¢ attains the HIGH level, capacitor C6 of FIGURE 1
10 develops ramping voltage V6, as shown in FIGURE 2b. Because
capacitor C6 is charged by means of current il from full wave
rectified voltage V1, current il has a similar waveform as that of
voltage V1. In IC 103, voltage V6 is coupled to an input of an
over-load comparator 1034. When, under over-load condition,
15 voltage V6 is sufficiently large to trigger comparator 103d, a
HIGH-to-LOW transition occurs in signal V9., Thus, voltage V6
determines the maximum pulse-width of signal V9 that can be
produced under the over-load condition. It follows that voltage
V6 determines the maximum power that can be provided by
20 SMPS 100.

The rate of change or peak level of voltage V6 varies
during the period of voltage V1 such that when voltage V1 is at a
minimum, the upper limit of the pulse-width of signal V9, before
~an over-load condition occurs, is larger than when voltage V1 is at
25 a maximum. In this way, for a given upper limit of the pulse
width of signal V9, occurring at the peak of voltage V1, an even
larger pulse-width of the pulse of signal V9 and, therefore, a
larger regulation range is obtained remote from the peak of

voltage V1. |
30 In IC 103, voltage V6 is coupled to an input of stop
comparator 103c. In normal operation, voltage V6, in addition to
voltage V30, controls the pulse-width.of signal V9. The result is
that when voltage V1 is at its peak, voltage V6 causes the pulse-
width of signal V9 to be smaller than when voltage V1 is smaller
35 than the peak. In this way, the pulse-width of signal V9 is
modulated in a feed-forward manner via  voltage V6.
Advantageously, the feed-forward manner results in a reduction
of the ripple voltage in output voltages V4, VS5, V8 and V3. '
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D8, respectively. Voltage V4 energizes bor exanpl g é‘@gggont al
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IV4 and V|5 ate opémenmeda standb§ (h?bdb gopusperadoducing’ vwhen in norma.lf

n normal oper e_vol t tha n|c e of, for
exanpl e, vo ?3‘8@%{; mgdgcodﬁggd"}%né&)g]% g?t hgotloaé %‘g plFdl gr?}ﬁgx
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resistor 30g r% Wﬁbl ?Q}g;o'is a;%bﬂﬁ&éd‘%t %r ?xamﬁ%pﬂt rrﬂUﬁﬁ%r}Sc%ﬁlo}ages by

t he adj ustne of “volt 8
sense i nput NPkr shAMN. ltsﬂiil 8N{@FFo3is fegerev@p ade® \be nﬁféwékﬂl inlIC
103 with a ggh&ti&odseGvol tage 103a. An error vol tage 103b i s produced

froma difference betyween . . .
Petcction of the standby mode of operation, activated

10 by signal ON/OFF, is performed by a detector 31 that produces an
on/off control signal V13 referenced to hot ground conductor H.
In the standby mode of operation, the magnitude of the load
coupled to windings W4 and WS35 is substantially smaller than in
normal operation. Because of decreased load, an increase in sense
15 voltage V30 tends to occur in the standby mode. Therefore, IC
103 decreases the pulse-width of signal V9. Also, the frequency
of signal V9 increases to the resonance frequency of flyback
transformer T, around 100 KHz.
Detector 31 is responsive to the pulses in winding W3
20 that are determined by signal V9 and detects the magnitude of
the loads coupled to windings W4 and W5 in accordance with the
frequency of the pulses in winding W3. The pulses in winding W3
are coupled, in detector 31, via.a low pass filter that is formed by
a resistor 32 and a capacitor 33, to a rectifier 34. Thus, rectifier
25 34 produces in a capacitor 35 a DC voltage representative of the
length of the interval between transition edges of the pulses in
winding W3. _
In the standby mode of operation, winding W3
supplies, an almost sinusoidal voltage at 100 KHz. This voltage is
30 attenuated by the low pass filter formed by resistor 32 and
capacitor 33. Therefore, the voltage in capacitor 335 becomes
insufficiently small to turn-on an output transistor 36 of detector
-31. The result is that signal V13 is at the HIGH level. On the
other hand, in the normal mode of operation, the frequency is
35 lower and transistor 36 is maintained continuously conductive
and signal V13 is at the LOW level. In this way, frequency
detector 31 produces signal V13 referenced to hot ground H that
is indicative of standby/normal mode of operation.
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vol tage V30 and reference voltage 103a. .1frror vol t pgea 188308RS coupl ed
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10 because transistor Q2 is always turned off, during standby. Using
this technique has two advantages. Firstly, standby input power
is reduced from 14 watts to 10 watts. Secondly, during Standby,
the harmonics are significantly reduced because there is only
current ipl current component.

15 During the standby mode of operation, voltages V3, V4
and V5 are also regulated. However, because of leakage
inductance, the ratio between sense voltage V30 and output
voltage V4 is such that voltage V4 tends to be larger, in standby,
than in normal mode of operation. Such increase in voltage V4

20 that energizes output stage 37 may be undesirable because of
increased component stress.

On/off control signal V13 is coupled via a series
arrangement of a resistor 38 and a diode 39 to the sense input
terminal, pin 1, of IC 103 for increasing the level of sense voltage

25 V30. As a result, the duty cycle of signal V9 decreases.
Consequently, advantageously, voltage V4 is decreased relative to
what it would have been without the effect of the signal that is
coupled via diode 39. For example, the value of circuit
components can be selected in such a way that voltage V4

30 becomes, in standby, even smaller than in normal mode of
operation.

FIGURE 4 illustrates a second embodiment of the
invention that is similar to that of FIGURE 1 with the differences
noted below. FIGURES 5a-5e illustrate waveforms useful for

35 explaining the operation the circuit of FIGURE 4. Similar symbols
and numerals in FIGURES 1, 2a-2h, 3a-3c, 4 and 5a-5e¢ indicate
similar items or functions except that the symbol prime (') is
added in FIGURE 4 for the corresponding element. In SMPS 100’
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transi st or

@ that is coupled to the gatg,of transi r bs turned 35
-off. By being |arger than voltage V2, 'vg?fage V8 igb&@%%int to
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current for transistor Q2' is supplied via a half-wave rectifier
diode D8' and a base resistor R8'. Signal V10' is derived from the
collector of transistor QS5' and coupled to the base of transistor Q3'
via an inverter stage formed by a transistor Q6'. The collector
voltage of transistor Q6' is relatively large when turn on of
transistor Q3 is required. Therefore, a base resistor 70' may be a
relatively large resistor.  Advantageously, because resistor 70’
may be large, the circuit is less sensitive to tolerances in the level
of signal V9' when signal V9' is at the LOW level and transistor
Q3' is required to be turned off.

Increased loading causes a larger voltage drop across

‘resistor R13'. Therefore, the base voltage of transistor Q2' also

decreases when transistor Q2' is turned on. Advantageously, the
base current also increases because of the decrease in the base
voltage. @ The increase in the base current is desirable for
maintaining transistor Q2' in saturation when its collector current
increases. Signal V13' is coupled to the base of transistor Q6' to
turn on transistor Q6' in the standby mode.

When a short circuit condition occurs in the load, not
shown, the voltage across winding W3' is zero.  Therefore,
transistor 36' is turned off. The result is an increase in voltage
V30' that tends to decrease the duty cycle of signal V9' so as to
provide short circuit protection.

When loading of the power supply becomes smaller

than a predetermined value, for example, 80 watts, a diode 200'
that is coupled to the base of transistor QS' clamps the base
voltage of transistor QS' to 4 wvolts. Thus, the base voltage of
transistor QS5' cannot decrease below that level. Therefore, diode
200" establishes a maximum value for the conduction interval or
maximum duty cycle of transistor Q2' at low loading. Thus,
advantageously, the power factor that is determined by current
i3' does not decrease when the loading further decreases. By
providing upper limit to the duty cycle of transistor Q2', the value
of resistor R13' can be smaller than if the maximum duty cycle of
transistor Q2' could further increase when the load decreases.
Therefore, advantageously, the power dissipation in resistor RI3’
can be made lower than if the clamping operation of diode 200’
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Signal V9 of FIGURE 1 also controls the-g@itching RCAOR§RRBIi on frequency
-of transistor Q2. To control the switching - operation of transistor
@, signal V9 of FIGURE | is coupled via a diode D9 to a ranp

gener ator thedrei sndor petbloyed. r esidshvamtRgeansiya the dwpactyole CGippér zener

"di ode D10 |j.m4s.:1he ' ol a i in citor
C7 to 9.1 v!)lﬁ&ﬁ'%eﬂ@éﬁ%p%qugaogg @W‘Gﬁ,a“éléo% %@?%Xée?sé@? sed
and capaci t ¥pltagei 8t dhar gutpwy of the pssyey supply thegause fiteoweppacitorst or -
R7.  ConseqgenthkY outp@t"df Mle powet rtu%ﬂ)ﬁc'ai'é’rst@?idi&&'lﬁ’?&?ge 'c;?d‘ieigﬂhé’c When

si gnal becones L 0 ,. diode D9 conducts and capacito
i mredi atel yI@PIE AL oY loadinghr ough the | ow i npedance output formed at pin
5 of 1C 103. In FIGURE @RESaneiihof lgkastiy aheweaurf qaratieacbfl for

and puner ai G PRRFEEpenllor tor BirEbgr ke, OF JeRirar RyE & FIQUBE 470
functions. as a function of Tthe pinpse \piowdr o sthgngower osuppl@URE The
determnes efficien@y Peetor' A'%h 8 MpaPFPoWdr 'dA100W RFCHARGEnt VAGBACT  OF
' 10 of resistor R13' is also provided.
In FIGURE 7, a family of graphs shows the harmonics
contents of input current IM' of FIGURE 4 when resistor R13' is
equal to 22 Ohm and when it is equal to 100 Ohm. For comparison
purposes, the maximum allowed harmonics content in what is
15 Dbelieved to be the proposed standard is also shown.
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Because the voltage that is coupled via digde D1 to pirgi has a

full wave rectifim‘ ' Emumm‘mform th(llaaf eedback g%ﬁa%?# to I C 103 -~
causes the pul se' “mrl V9 to vary as a function | of full wave
rectified voltage*Vl® Eonsedueritly, e s or- envel ope of signal

V7 al so varies as a function of voIt%%e ; during the 10 mllisecond
period of voltage V1, As dhotiteh mode pPWeReSuRply. |CONMISIRG: 2d, for

exanpl e, the ratio betgessurt8e(109) oranoAQf nwdigsaupply adtagea(Va);vol t age

V1 of FlIGURE 2a i . . b Lar Lty .

Si'g(r)lal V7 of F?GIUSRE 1 Fsﬁigﬁg)%?éﬁhgg Q(ralle)ngélbﬁlfeﬁfg: tlg:l!ﬁé}?j mamst@?wicﬁalfo%f a

conparat & frectifying aaid amsins cupplyaveltage withouhsfibietingQmut aa low

resistor RS g %QHEgscﬁﬁlﬁérFém_C'dEr@“%}q‘u‘&n@ él@?apﬂ)s}&%&@t&‘rﬂa@?f A
or R4 or t deve

collector resigs ransi st or ops. an out puf_ st gnal V10
at an out put S3igr fains SYAPHF Yoitage to @&Nﬁk?%t%ﬂ.““fsﬂtefed» rectified,” drshut
signal V1O i §u1§|§l!yp|ﬁﬂtdgé (Vg )pase of transistor @B to control

swi tching operation of fitrrs_ n%'wsxrt&(m? mTebaensCOkb? tOrresl(gfonsive to a first

10 switching signal (V9) and coupled to an inductance (W1) having
applied thereto said first supply voltage for developing a first
plurality of current pulses (iPl1) at a frequency that is
_substantially higher than that of said mains supply voltage, said
first plurality of current pulses being coupled via a second

15 rectifier (D4) to produce a first portion of a rectified output supply
current (iS4);

a filter capacitor (C2);
a third rectifier (d2) coupled to said mains source and
to said capacitor for rectifying said mains supply voltage to

20 develop current pulses (i3) in said capacitor for producing a
rectified, second supply voltage (V2) in said capacitor;

second switching means (Q2) coupled to said second
supply voltage and responsive to a second switching signal (V12)
for developing in an inductance (W1) that is coupled to said

25 capacitor a second plurality of current pulses (iP2) at a frequency
that is substantially higher than that of said mains supply voltage,
said second plurality of current pulses being coupled via a
rectifier (D4) to produce a second portion of said output supply
current; and characterized by

30 means (R13) coupled to said capacitor for lengthening
a pulse-width and decreasing a peak amplitude of a given current
pulse in said capacitor.

2. A ‘power supply according to Claim 1 characterized

35 in that said pulse-width interval lengthening means (R13)

comprises a resistor (R13) that is coupled in series with said
capacitor (C2).

i
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a current path that bypasses said resistor (R13).

5 : 4. A power supply according to Claim 1 further
characterized by, a pulse-width modulator (103) responsive to a
feedback signal (V30) for pulse-width modulating current pulses
(iP1,iP2) of one (iPl1 or iP2) of said first and second pluralities of
current pulses.

10

5. A power supply according to Claim 1 characterized
in that said inductance (W1) comprises a winding of a flyback
transformer (T).

15 6. A power supply according’ to Claim 1 characterized
in that the absence of low frequency component filtering prevents
said first plurality of current pulses (iP1) from causing a
significant increase of said harmonic content in said mains input
supply current (iM).

20

, 7. A power supply according to Claim 1 characterized

in that said second plurality of current pulses (iP2) reduces a
ripple component in an output (V4) of said power supply.

25 8. A power supply according to Claim 1 characterized
in that said capacitor current pulses (i3) tend to increase a
harmonic content in a mains input supply current (iM) and reduce
a power factor and wherein said peak amplitude decreasing
means (R13) decreases the tendency of said capacitor current

30 pulses to increase said harmonic content in said mains input
supply current and increases said power factor.

9. A power supply according to Claim 1 characterized

in that each of said first (iP1) and second (iP2) pluralities of

35 current pulses occur at least during a portion of said period of said
mains supply voltage when said first supply voltage (VM=0) is at

a substantially smaller magnitude than a peak magnitude thereof.
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i p2 is not ed. Transi stor 2 renainsg_ noncondyghki,v ong 5 as
ﬁﬂmﬂ !mﬁ\i of the conparator is H in amﬂﬁgﬁ?g%j turn on
t , thereby, to turn off transistor (2. Each of primry

Lot ent i pl and si gnal1¢/7 4 r}%@égjsﬁppgy a&c‘é?&‘iﬁ'ﬁp't@gchaxm nia%&%@&g%d& gnal

V9 beconmes H GH. iven~swtc
V9, when 10 insthaasaigd cziwamthREurzanma&ﬁ%% (B3 hiogkur me@e ow&woawnﬁyeshm d

vol tage V11 Dot H@zpomaariﬁ Qlelatedpar siidr f wicySlcﬁn%hld/hﬂaﬂis supply! GURE

Cow Tandrs ol tand Gl s PiopiitiafiyJowst ihag A 2o JHAS i‘t t_a' A

i s turnef orfitsy phaakityfofigmatntvpalseds HRAYRE 15 2f . V\hen
transi stor 2 becones conductive, diode D6 of FI GURE 1 becones
conductive causing diode DL to becone: nonconductive. Therefore, input

supply voltage VI is dbbougt gvitch mpdenpowvenisugpiy eomprisingige V2 is
coupled to w nding W A"%lﬁ@e iensistt an &c, rﬁéirﬁarsﬁpﬁw r‘ed]rtagé)Z(\aM)Fl GURE
2g in diode D6, of
and an AC, mains supply current (iM);
10 a filter capacitor (C2);

a first rectifier (D2) coupled to said mains source and
to said capacitor for rectifying said mains supply voltage to
develop current pulses (i3) in said capacitor at a frequency (100
Hz) that is related to said frequency of said mains supply voltage

15 (V2) for producing a second supply voltage at a terminal (between
D2 and Q2) of said capacitor, said capacitor current pulses
producing a distortion in said mains supply current that tends to
decrease a power factor associated with said mains source;
characterized by

20 means (R13) coupled to said capacitor for lengthening
a pulse-width of a given current pulse and for decreasing a peak
amplitude of said given current pulse so as to reduce the
distortion and increase the power factor;

first switching means (Q1,D1) responsive to a first

25 switching signal (V9) for generating in an inductance (W1) that is
coupled to said mains source (107), a first plurality of current
pulses (iP1) at a substantially higher frequency (20 KHz) than said
frequency of said mains supply voltage (50 Hz), said first plurality
of current pulses (iP1) being coupled via a rectifier (D4) to

30 produce a first portion of a rectified output supply current (iS4),
said first plurality of current pulses having magnitudes that vary
during a period of said mains supply voltage in accordance
therewith in a manner to increase said power factor; and

second switching means (Q2,D2) responsive to a second

35 switching signal for generating, in an inductance (W1) that is
coupled to said terminal where said second supply voltage is
developed, a second plurality of current pulses (iP2) at a
substantially higher frequency than said frequency of said mains
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pulse of said first plurality of current pulses (iP1).
10

13. A power supply according to Claim 12
characterized in that a ratio between magnitudes of first plurality
of current pulses (ipl) and magnitudes of said second plurality of
current pulses (iP2) varies, during said period (of VM).

15

14, A power supply according to Claim 11
characterized in that said first (iP1) and second (iP2) pluralities of
current pulses are generated in a transformer (T) and
transformer-coupled therethrough to a load circuit (37).

20 ‘

15. A power supply according to Claim 11
characterized in that said first (iP1) and second (iP2) pluralities of
current pulses are generated in the same winding (W1) of said
transformer.

25 .

16. A power supply according to Claim 11
characterized in that a ratio between a magnitude of said mains
supply voltage (VM) and a magnitude of a current pulse of said
first plurality of current pulses (iP1) that occurs when said mains

30 supply voltage is at a peak value (VM=325V) is approximately the
same as a ratio between a magnitude of said mains supply voltage
and a current pulse of said first plurality of current pulses that
occurs when said magnitude of said mains supply voltage is
substantially smaller (VM=0) than said peak value.

35

17. ~ A power supply according to Claim 11 further
characterized by, means (Q4,Q5,Q3) responsive to a control signal
(V7) that varies during said period of said mains supply voltage
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manner to reduce said ripple.

18. A power supply according to Claim 11
characterized in that a current path of said first plurality of
current pulses (iPl) excludes said terminal (between D2 and Q2)
where said second supply voltage (V2) is developed.

19. A power supply -according to Claim 11
characterized in that said first switching means (Q1,D1) comprises
a rectifier (D1) coupled to said mains source (107) for rectifying
said mains supply voltage (VM) without filtering out low
frequency harmonic components of said rectified mains supply
voltage from said rectified mains supply voltage (V1) such that
variations of said rectified mains supply voltage during said
period produce amplitude modulation in said first plurality of
current pulses (iP1).

20. A power supply according to Claim 11 further
characterized by, a pulse-width modulator (Q5,Q4,Q3,103)
responsive to a feedback signal (V30) that is indicative of said
ripple component for varying said magnitudes of second plurality
of current pulses (iP2) , during said period, in a manner to reduce
said ripple component (of e.g. V4).

21. A power supply according to Claim 11 further
characterized by a pulse-width modulator (103) responsive to a
feedback signal (V30) for pulse-width modulating said first
plurality of current pulses (iP1) to provide output supply
regulation.

22. A power supply according to Claim 11 further
characterized by a pulse width modulator (103) responsive to a

feedback signal (V30) for varying magnitudes of said first

plurality (iP1) and of said second plurality (iP2) of current pulses
in the same direction in a manner to provide output supply
regulation. '

position of currents ipl and ip2is
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filter capacitance e. ot pst of the brldge rectifier for the 10 same

.input power rate of a 100 watts. In each half-period of vol t age VM.
the peaks of the pulses of current ipl var predom nantly in a
si nusoi dal manner at 2% fundamPeer msupply acqomstingncto aitbk C2 is
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stored in capacitor Suppl i es on ry current ip.
About 65% of the powdr SRuFeSuRptaTbA¢s mains supply voltage (107),

10 a filter capacitor (C2);

- a first rectifier (D2) coupled to said mains source and
to said capacitor for rectifying said mains supply voltage to
develop current pulses -(i3) in said capacitor for producing a
rectified, first supply voltage (V2) in said capacitor;

15 means (R13) coupled to said capacitor for lengthening
a pulse-width and decreasing a peak amplitude of a given current
pulse in said capacitor; characterized by

first switching means (Q2) coupled to said first supply
voltage and responsive to a first switching signal (V12) for

20 developing in an inductance (W1) that is coupled to said capacitor
a first plurality of current pulses (iP2) at a frequency (20 KHz)
that is substantially higher than that (50 Hz) of said mains supply
voltage, said first plurality of current pulses being coupled via a
rectifier (D4) to produce a first portion of a rectified output supply

25 current (iS4);

| a second rectifier (102) coupled to said mains source

for rectifying said mains supply voltage to develop a rectified,
second supply voltage (V1); and

second switching means (Q1,D1) responsive to a second

30 switching signal (V9) and coupled to an inductance (W1) having
applied thereto said second supply voltage for developing a
second plurality of current pulses (iP1) at a frequency that is
substantially higher than that of said mains supply voltage via a
current path that bypasses said capacitor, said second plurality of

35 current pulses being coupled via a second rectifier (D4) to produce
a second portion of said rectified output supply current.
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obt ai ned by neans of current ipl and 35%Jygeans of gepr %@tg i p2.

-Threshol d voltage V11 controls the ratio between tthe . . se-wi dt h of
the pulse of current ip2 and that of the pul se of current ipl.
“Because of a ripple voltage cont ai nedABSTRACHge V30 during a given

period of full wave re |f| I ul se- dth of
pul se-w dt h nodul at ed g?‘ % hﬁ%é’ CJKSBPB{Y' a f“ﬂ)dﬁg‘{ﬁ Vagdt
appr oxi mat el yAG} rrmmamuwhy \Mfdmgml(vdgelsvprd)@@eir from an A€dmaitsa ni ni mum
when vol t age i %l My S t S glit age V11
for the c asr ktpgi’; t éTB(VIOH uh&?a;\%‘f’s?aﬁ %i% Q?h% r']“(Pilfﬂfe\{'vl}
coupl ed vPa ;ICGP d Yﬂ 38?) ‘é applied g a| wan ‘éhg glénﬁﬁta cﬂyt?sﬂclkem st or R9
and a capaci ttmns@éﬁner AT) that ssobbap&ddwed m@chmgcaaﬁﬁlsmr (Ql? vies in
accor dance WIfT. t hle q,tJOW freque g ﬁﬁ’vl t he nal V7,
wher eas, the D15t Plutalily ¢fe g Bpﬁ? |3W‘§F%‘8 Tl’ﬁé‘ 9 § age
in capaci tor from the rectified voltage at a frequency (20 KHz) that is higher
than the frequency (50 HZ) of the mains supply voltage and at
10 peak amplitudes that vary in accordance with the rectified voltage
in a manner to increase a power factor. The rectified voltage is
further rectified via a rectifier (D2) coupled in series with a
resistor (R13) and a low-pass filter capacitor (C2) and produces
current pulses (i3) in the capacitor. A voltage (V2) in the
15 capacitor is coupled via a second switching transistor (Q2) to the
winding to produce in the winding a second plurality of current
pulses (iP2) that reduce a ripple component at an output (37) of
the power supply. The resistor increases the pulse-width and
decreases the magnitude of the capacitor current pulses in a
20 manner to reduce input harmonic contents and increase the power
factor.

USE FIGURE 1.
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--8 - C10 is coupled via a diode D" to a capacitor C9 and to a base
el ectrode of transistor Q. Diode D11 and capacitor C9 operate as a

m ni mum | evel detector for detecting the m ni num val ue -of the . envel ope
of 't he peaks of signal V7. A forward voltage in dirode 5 D12 is
tenperature conpensated by the opposite forward vol tage devel oped in
di ode D11. T§e envel ope of tge peakss of signal V7 varies as a
function of vElta Sﬁolcﬁe | evéB®r threshold vol tage V11l that is
devel oped in ¥3 55 Set ¢ fed by the
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FIG. 1
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mni num pul se-wi dth of signal V9 withirf% period of voltage VI. 10
Voltage V11 is applied to the noninverting |nput of the -
conparator forned by transistors 4 and (®b. ‘ For constant
| oadi ng, the |level of voltage V11 is rel atively constant. ‘
- Therefore, the pulse-width of eagf,Qf My — l\ges of current iplis
t he same. \Wereas, advant a&%bus?% Y he 15/-pbd£z-vm' dth of the pul ses of
‘current ip2 varies f V1 is zero,
m ni nrum when vol tage V
| oadi ng, forFH;a@qe, caus
i ncrease in the' pul se-w dt h
pul se-w dt h of signal—\9-also M

a maxi mum to a

V9. Thus, 20

creases-that tends to

increase in voltage V11. The increase in voltage V11 tends to del ay
‘the instant, during each pulse of signal V9, when signal V10 becones
LOW and, therefore, when transjiggor @ veecones conductiveyy . The
result is a[f@cr se |11 ”hgsl pH sg% dHh1Zﬁ 1:9{ Hhe1puj‘se1of 1cur{_ent i pl.
Since the p '

12V~

- FIG. Zc ﬂﬂ.fUU‘U’LJ‘U’UULﬂJ‘LJ’U'Um

Jall

o 0 I I e W

FIG. 2d _/L/_/l_/

VTO ~~ /1.5V

FIG.2e nnnnnnnnannnnnmnnnn.

V12 ~N 305V 3

FIG. 2f

FIG. 2g

FiG. 2h

heet Has Been Replaced

R




RURGH 983

MELE:
al so increases, a ratio between the Iength\gffﬁ he conducti on i nterval
of transistor @ and that of transistor QL tends to vary- | ess t han
if, for exanple, voltage V11 were a constant voltage. ' . Therefore,
advant ageously, the ripple voltage of output voltage V4 3 0 is |less
affected by | oading variations than if voltage V11 were constant. It
follows that the ratio between current i3 and ipl varies | ess hy
| oadi ng. Therefore, the haridni c con@ent of currelptm i Mor the power
factor is also |l ess affected by | oading. At 3
predeterm ned increased | oading condition, the 35 peak val ue %’? current

12 is limted. Afurt her_--ncr_gg§§g_l.oad+-rrg' ~-causes al so the peak
An even further- -FRereased

| 0adi ng, such as a/Short ci rcwt\l n the secondary si g€, resul‘x@ in a
burst node operation in I C 103. . )
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- 9- In each cycle of sighal V9, when signal V9 of FlI GURE
_2c attains the HGH level, capacitor C6 of FIGURE 1.at pin 2 of IC 103
i-s charged by a current that is equal to a sum of a ‘constant current

I 2, devel oped via a resistor R2 frorqul V2 and a 5 current i1,
. haV| ng a-full wave rectified si nu@' ’ ed via a
resistor RL fromvoltage V1. When Ssigtrd s at the LOW

Tevel, voltage V6 of FI GURE 2b-J s a¢ Hgs determ ned by

IC 103 of FIGURE 1. Wen si gnad ) 2d fhe H GH

| evel, capacitor C6 of FIGURE 1 10 svalagamnanpl ng_ Lallage Ve, asgshown
S 52

in Fl GURE 2hb. Because . . (=X
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. . M .
capacitor C6 is charged by neans of curs%GgP\t i1 fromfull wave
rectified voltage V1, current i1l has a simlar waveform as that of

voltage V1. In IC 103, voltage V6 is coupled to an input of an
103d. When, under over-load condition, 1 5 voltage

over-| oad conparator
V6 is sufficiently large to trigger conparator 103d, a H GHto- LOW
transition occurs in signal V9. Thus, voltage V6 determ nes the
maxi mum pul se-wi dth of signal V9 that can be produced under the
over-load condition. |tfollows_that voltage V6 determ nes the
maxi mum pdwer that ca provi®d by 20 &EMPS 100.wy The
rate of change or peak | gvel of | t age vel&ari es Y during e period
of voltage V1 such that@Bhen vogmhge V1 i a R ni rum tRhe upper
limt of the pul se-w dtiglof si gi V9, befwie over -1 o&&condi ti on
occurs, is larger than en vol t&ye V1 is Y 25 a mgi mum Itthis way,
V9, occurring at

for a given upper limt _of the gjl se wi dt h of signal
the peak of voltage V1, {@an eveng | arger pul se-wi gth of thegpul se of
— > S ™~

signal V9 and, theref,ore? a = =
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| arger regulation range is obtained rggrote fromthe peak of vol t age
vi. 30 In IC 103, voltage V6 is coupled to an input of stop

conparator 103c. In normal operation, voltage V6, in addition-to
vol tage V30, controls the pul se-width of signal V9. The result is
that when voltage V1 is at its peak, voltage V6 causes the pul se-
~width of signal V9 to be snmaller than when voltage V1 is smaller 3 5 than

the peak. In this way, the pul se- vvl,dr\b of, gégnal,\yQ S nodul ated in
a feed-forward manner via voltage V ] K &Advant ageousl y, the
feed-forward manner results in a reducti ony =~ ..ﬁ the ripple voltage in
output voltages V4, V5, V8 and V3. &2 & @& &
= & =
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- 10 - When SMPS 107§A%88used in a tel evision receiver,

a . Si gnal ON OFF determ nes when the Oavi sion receiver is required

¥y to operate in a standby node of operation and when in nornal operation
node.  The magni tudes of the |oad coupled to winding 5 W and energi zed by
SMPS 100 is deternined by on/off control signal OV OFF, that is
produced in, for exanple, a nicroprocessor, not shown. Signal OV OFF is
‘referenced to the cold ground conductor G Det ecti on of
t he standby node of operation, activated 10 by signal OV OFF, is perforned
by a detector 31 that produces an on/ of f control signal V13 referenced

to hot ground conductor H..

1000 . ,
I - . ‘ M T l
i : 1 - . l H N
+ ! 1 -
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Ni |
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In the standBy node of operation, the nagni tude: o'f/'the'lbéd': cpup‘l ed. 'fos

- windings W and Wb is substantially smaller than:Yh' nornal ogeratlon #
Because of decreased |oad, an increase in sense: 18 . voltage V30: iends to, %
occur in the standby node. Therefore, IC 1&3 decreases thew .
pul se-wi dth of signal V9. Al so, the frequency ! of S|gnal V9% ner eases
to the resonance frequency of flyback -iransforner T, . around ef;}{;}tyKHz
Detector 31 is responsive to the pul ses in windi-ng.W8 20. that ‘ar

e e oY an?, o ST CHP AT AR e ety ' ¢ ﬁSSpEFSELed
in winding WB. The pul ses i n WINBUAGCMBRENT DASEORAUON=d, i n detector 31,

via a low pass filter that is formed by a resistor 32 and a capacitor
33, to arectifier 34. Thus,_rectjfi 2 34 roduces in a capacitor 35
a DC voltage representative Gkhe e d1QN: er val bet ween

transition &dges of the [Mlleseésvédtion relmfeﬁldtcﬂgi Vﬁ&ntch mode power supglyt he
standby nmode Of(SWﬁf“t ! ﬂ{‘pa%&ﬂhpgmc invention relates to a SMPS that derives

a rectified input supply voltage from an AC, mains supply voltage

to produce an output supply voltage.

Typically, such SMPS employs a full wave rectifier

10 bridge that rectifies a sinusoidal mains supply voltage and charges
an input filter capacitor to produce the rectified input supply
voltage. The filter capacitor has a sufficiently large value for
reducing, in the input supply voltage, the magnitude of a ripple at
the fundamental frequency and at the harmonics of the mains

15 supply voltage. In this way, ripple voltage is prevented from
occurring in the output supply voltage.

The filter capacitor draws narrow pulses of input
current having a high peak value from the mains supply voltage
source. The current pulses occur only in the vicinity of the peaks

20 of the sinusoidal mains supply voitage. Therefore, the waveform
of the input current contains undesirable low frequency
harmonics of the mains supply voltage frequency. The result is an
undesirable decrease in the power factor to about 0.65 and an
undesirable increase in distortions of the waveform of the mains

25 supply voltage.

Recently, an interest has evolved for revising
European Standard EN60 555-2 for the purpose of reducing the
permissible low frequency harmonic content of the waveform of
the input current. It may be desirable to reduce the low

30 frequency harmonic content of the waveform of the input current
without significantly increasing a ripple voltage in the output
supply voltage.

SUMMARY OF THE INVENTION
35 : A switch mode power supply, embodying an aspect of
the invention, includes a source of an AC, mains supply voltage. A
first rectifier is coupled to the mains source for rectifying the
mains supply voltage without filtering out a low frequency
Tms is the rep!acemen* sheet

" Date: -3 JUL 1997



supplies an al nost sinusoidal voltage at 100 KHz. This voltage is 3 0

“ attenuated by the low pass filter fornmed by resistor 32 and

capacitor 33. Therefore, the voltage in capacitor 35 becones
insufficiently small to turn-on an output transistor 36 of detector

31. The result is that signal V13 is at th? H GH level. On the ot her
hand, in the normal node of operation, the frequency is 3 5 |ower and
transi stor 36 is mai nt ai ned conti nuously conductive and signal V13 is

at the LOW rlé?lttg't' % ‘gﬁ)gueﬁgf%?ﬂsa to théfj%tf feOm. s Fyuﬁﬁ%es si gnal

V 13 reference tive of / nor nal
mode of oper at iYé¥ tage to develop an unfiltered, recufled first supply voltage

first switching arrangement is responsive to a first switching
signal and coupled to an inductance having applied thereto the

5 first supply voltage for developing a first plurality of current
pulses at a frequency that is substantially higher than that of the
mains supply voltage. The first plurality of current pulses are
coupled via a second rectifier to produce a first portion of a
rectified output supply current. A third rectifier is coupled to the

10 mains source and to a filter capacitor for rectifying the mains
supply voltage to develop current pulses in the capacitor for
producing a rectified, second supply voltage in the capacitor. A
second switching arrangement is coupled to the second supply
voltage and responsive to a second switching signal for developing

15 in an inductance that is coupled to the capacitor a second plurality
of current pulses at a frequency that is substantially higher than
that of the mains supply voltage. The second plurality of current
pulses are coupled via a rectifier to produce a second portion of
the output supply current. A pulse-width is lengthened and a

20 peak amplitude is decreased of a given current pulse in the

' capacitor.

RIEFD N OF DRAWIN
FIGURE 1 illustrates an SMPS, embodying an aspect of
25 the invention, that utilizes a current super-position technique;
FIGURES 2a-2h illustrate waveforms useful for
explaining the operation of the SMPS of FIGURE 1;
FIGURES 3a-3c illustrate additional waveforms useful
for explaining the operation of the SMPS of FIGURE I;
30 FIGURE 4 illustrates a second embodiment of the
invention;
FIGURES 5a-Se illustrate waveforms useful for
explaining the operation of the arrangement of FIGURE 4,
FIGURE 6 illustrates a graph providing the input power
35 factor in the arrangement of FIGURE 4; and
FIGURE 7 illustrates a graph providing the harmonics
content of the input current in the arrangement of FIGURE 4.
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- 11 - Signal V13 is coupled via a diode D14 to the base

- of transi stor (@B. Si gnal V13 causes transistor B to conduct
regardl ess of the |evel of signal V9. Therefore, transistor Q is

turned off, during standby, and current ip2 is zero. 1In this case, 5 DC
current flows through resistors R8 and R12 and via transistor @ to
gr ound. Resistor R12 that is a positive tgnoperature coefficient

resi stor heats and increases considerably in val ue. Thus, the | osses
in resistor R8 are further decreased during standby The overal
circuit dissipation is DETARED DESGRIRTION O MINGStor Q2 i s

al ways turned off, duri nQI@‘lﬁR‘QbM le%h‘&@es an S'MPStQ‘U@)n' GHﬁ)d@ﬁﬁ gV

advant ages. Flrstlty 6 E\Ut poh is redyced from_ 14 vvatts to
10 watts. SecSiBfy 9 V&H 8, that yylzes, dphechnigre. siefpitedcdnt |y
reduced becausderéu@r @si suroemty super-position technique. SMPS 100 of FIGURE

5 1 is suitable for providing, for example, 120 watts power. A
mains supply voltage source 107 that produces an AC voltage VM
is coupled to a full-wave bridge rectifier 102 that produces an AC
full-wave rectified input supply voltage VI in a relatively small
filter capacitor Cl. AC voltage VM of source 107 is sinusoidal at,

10 for example, a line frequency of 50 Hz. Because of the small
capacitance of capacitor Cl, low frequency harmonics of voltage
V1 are not filtered out by capacitor Cl. Voltage V1, having a
waveform of an unfiltered, full wave rectified sinusoidal voltage,
is coupled via a switching diode D1 to an end terminal W2a of a

15 primary winding W1 of a flyback transformer T.

A switching signal V9, having a controllable frequency
and duty cycle, is coupled via a resistor R3 to a resistor R14 and to
a gate of an MOS switching transistor Q1 to turn on ftransistor QI
only when signal V9 is at a HIGH level or 12 volts. The drain

20 electrode of transistor Q1 is coupled to the other end terminal of
winding W1. Signal V9.is developed at an output terminal of an
integrated circuit (IC) 103 of the type TDA460S operating as 2
pulse-width modulator. The frequency of signal V9 is selected to
be within a range of 20-50 KHz.

25 - In a given cycle of signal V9, after signal V9 attains
the HIGH level, a pulse current ipl flows through diode Dl. An
upramping current ip that is equal to current ipl in diode D1 is
produced in winding W1, storing magnetic energy in transformer
T. Immediately after signal V9 changes from the HIGH to a LOW

30 level, transistor Q1 becomes non-conductive and a flyback
operation occurs. The result is that flyback pulse currents are
produced in secondary windings W2, W3, W4 and W5 of
transformer T. The drain voltage of tramsistor Ql is limited,
during flyback, by means of a snubber circuit, not shown.

35 As a result of flyback current pulses, such as a current
pulse is4 in winding W4, that are produced from pulses ip, DC
output supply voltages V3, V4, V5 and V8 are produced in
capacitors C3, C4, C5 and C8 via rectifying diodes D3, D4, D5 and

This is the replacement sheet
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current ipl current conponent. 1 5 During the standby node of

" operation, voltages V3, V4 and V5 are also regulated. However ,
because of | eakage i nductance, the ratio between sense voltage V30
and out put voltage V4 is such that voltage V4 tends to be larger, in
st andby, than in normal node of operation. Such increase in voltage
V4 20 that energizes output stage 37 nay .lge undesirabl e because of
i ncreased component stress. On/of f control signal V13 is
coupled. via a series arrangenment of a resistor 38 and a diode 39 to

t he sense i npuP8. respeativilpal ,Voltagel, Véfedagi®s, ffor éxamplrsi achdriwnigivel of
sense vol tage @ec\/?&r outPiit AthgS U T andNS oY Wle%e?é)ié&g@ e\(%m

decr eases. uen Fféama geously 2 volt age ecr a5
relative to 2 "\HH g8 GBS REGRIY Fout the effect of the SI gnal
that is coupl ed varad'sﬁm‘merSQ‘ isolkies, exahpteaspethaovaley@ricadf sigddkcui t

conponent s scan, Hay elsSﬁ{{ed 1b'7 élll"(?rh ah%*/&w@d VAR 9for Y2 £hm PECQIRS-

st andby, even snall
ground conductor G Voltages V3 and V8 are referenced to hot

ground conductor H. Whereas, voltages V4 and VS5 are referenced
to cold ground conductor G.
In normal operation, a DC sense voltage V30 that is

10 indicative of, for example, voltage V4 is produced in a circuit 30
by filtering and rectifying the flyback pulses in winding W3 and
voltage dividing. A resistor 30a is adjustable for adjusting the
output supply voltages by the adjustment of voltage V30. Sense
voltage V30 is applied to a sense input terminal, pin 1, of IC 103.

15 Voltage V30 is compared in IC 103 with a reference voltage 103a.
An error voltage 103b is produced from a difference between
voltage V30 and reference voltage 103a. Error voltage 103b is
coupled to an input of a stop comparator 103c to control a pulse-
width or a HIGH-to-LOW transition of signal V9 to regulate the

20 levels of output voltages V4 and VS.

Voltage V1 is also coupled via a series arrangement of
a resistor R13, embodying an inventive feature, and a rectifying
diode D2 to a filter capacitor C2 for producing a supply voltage V2
in capacitor C2. Voltage V2 is a constant, DC voltage that is

25 proportional to the peak voltage of voltage V1. Voltage V2 is
coupled via an MOS switching transistor Q2 and a switching diode
D6, when transistor Q2 is conductive, to junction terminal W2a.
Terminal W2a is coupled between diode D1 of winding W1 and a
secondary winding W2 of transformer T.

30 DC voltage V8 developed, during flyback, via winding
W2 is larger by about 15V than voltage V2. Voltage V8 is coupled
to the gate of transistor Q2 via a resistor R8 and a resistor R12,
coupled in series, to turn on switching transistor Q2 when a
transistor Q3 that is coupled to the gate of transistor Q2 is turned

35 off. By being larger than voltage V2, voltage V8 is sufficient to

" turn on MOS transistor Q2. A protection diode D7 coupled
between the source electrode and gate electrode of transistor Q2
limits gate-source voltage excursions of transistor Q2.

This is the replacement sheet
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oper ati on. FIGURE 4 illustrates a second enbodi nent of the
I nvention that is simlar to that of FIGURE 1 with the differences

.noted below. FIGIRES b5a-5e illustrate waveforns useful for 35

expl aining the operation the circuit of FIGURE 4. Simlar synbols and
nunerals in FIGURES 1, 2a-2h, 3a-3c, 4 and 5a-5e indicate simlar
Itens or functions except that the synbol pfitne (') is added in FI GURE
4 for the corresponding elenment. In SMPS 100

Signal V9 of FIGURE 1 also controls the switching
operation frequency of transistor Q2. To control the switching
operation of transistor Q2, signal V9 of FIGURE 1| is coupled via a
diode D9 to a ramp generator that is formed by a resistor R7 and a

5 capacitor C7. A zener diode D10 limits the maximum voltage of a
ramp signal V7 in capacitor C7 to 9.1 volt. When signal V9 is
HIGH, diode D9 is reverse biased and capacitor C7 is charged by
means of voltage V2 through resistor R7. Consequently, signal V7
in capacitor C7 increases linearly. When signal V9 becomes LOW,

10 diode D9 conducts and capacitor C7 is immediately discharged
through the low impedance output formed at pin 5 of IC 103.

FIGURES 2a-2h illustrate waveforms useful for
explaining the operation of the circuit of FIGURE 1. Similar
symbols and numerals in FIGURES 1 and 2a-2h indicate similar

15 items or functions.

The pulse width of signal V9 of FIGURE 1 determines
the peak level of signal V7 that is developed in capacitor C7.
Because the voltage that is coupled via diode DI to winding W1
has a full wave rectified sinusoid waveform, the feedback signal

20 to IC 103 causes the pulse width of signal V9 to vary as a function
of full wave rectified voltage V1. Consequently, the peaks or
envelope of signal V7 also varies as a function of voltage VI,
during- the 10 millisecond period of voltage V1, as shown in
FIGURE 2d. In FIGURE 2d, for example, the ratio between the

25 period of signal V7 and that of voltage V1 of FIGURE 2a is
exaggerated for better clarity.

‘ Signal V7 of FIGURE 1 is applied to an inverting input
terminal of a comparator formed by a transistor Q4 and a
transistor Q5. A resistor R5 produces emitter currents in

30 transistors Q4 and QS. A collector resistor R4 of transistor Q4

~ develops an output signal VI0 at an output terminal 13a of the
comparator.

Output signal V10 is coupled to the base of transistor
Q3 to control switching operation of transistor Q3. The collector of

35 transistor Q3 is coupled to a load arrangement formed by resistors
R8 and R12 and energized by supply voltage V8 to develop a
switching signal V12 at the gate of transistor Q2.

This is the replacement sheet
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- 12 - of FIGURE 4, transistor ' is a bipolar transistor. The
base current for transistor @' is supplied via a half-wave rectifier
di ode' D8' and a base resistor R8'. Signal V10' is derived fromthe
collector of transistor @' and coupled to the base of transistor @B 5
via an inverter stage formed by a transistor Q' . The collector

voltage of transistor Q' is relatively |agge when turn on of

transistor B is required. Therefore, a base resistor 70 may be a

relatively |large resistor. Advant ageously, because resistor 70

may be Iarge the circulmmedinedy sfiesitheveransitial etanbesHIGH Hevélewsl 10
of signal syygha irpp @ Leangd 4 r o; Q'
is requi red to Eﬂturg i ?? o Eeé&ﬁel‘%nhﬁ}fﬁ r gg‘edd ?‘ngdl n lrpcauses

| arger vol t agedebHedcr oéé long agpgraisistor @3 remmg; etwped ?ﬁe Pt
vol tage of trap3i &t @xbt@ene&h&d Tran¢igcore @ semhatms tnomdhdu@ivedds loagt ur ned

on. Advangagea(gu%wpu tg‘legnal V10 of the comparator is HIGH in a manner to
turn on transistor Q3 and, thereby, to turn off transistor Q2. Each
of primary current ipl and signal V7 increases in an upramping
manner after signal V9 becomes HIGH.
During a given switching period of signal V9, when
10 signal V7 of FIGURE 2d reaches a higher level than a threshold
voltage V11 of the comparator, comparator output signal V10 of
FIGURE 2e changes from the HIGH to the LOW level. When signal
V10 attains the LOW level, transistor Q3 of FIGURE 1 is turned off
: and transistor Q2 is turned on by means of signal V12 of FIGURE
15 2f.
When transistor Q2 becomes conductive, diode D6 of
FIGURE 1| becomes conductive causing diode Dl to become
nonconductive. Therefore, input supply voltage V1 is decoupled
from winding W1 and voltage V2 is coupled to winding W1 via
20 transistor Q2. Primary current ip2 of FIGURE 2g in diode D6 of
FIGURE 1 causes current ip to continue flowing without a gap of
time from the time the pulse of current ipl ceases, as shown in
FIGURES 2g and 2h.
After a predetermined interval that 'is determined in
25 accordance with voltage V30 by IC 103 of FIGURE 1, signal V9
changes again to the LOW level that causes signal V7 to become
LOW. Signal V9 is also coupled via a diode D13 to junction
terminal 13a between resistor R4 and resistor R10. Diode D13
conduct when signal V9 is at the LOW level. Immediately after
30 signal V9 becomes LOW, signal V10 of Figure 2e is forced to be
LOW because diode D13 of FIGURE 1 conducts. Therefore,
transistors Q1 and Q3 are turned off. Transistor Q2 does not
conduct current although signal V12 at the collector of transistor
Q3 is HIGH because transistor Q1 is turned off. Advantageously,
35 because of the operation of diode D13, no current flows in
resistors R8 and R12 when signal V9 is LOW. The resulting
reduction in power dissipation is about 2,5 watts at 120 watts

This is the replacement sheet
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1 5 base current also increases because of the decrease in the base
vol t age. The increase in the base current is desirable for
rai ntai ning transistor @' in saturation when its collector current

i ncreases. Signal V13" is coupled to the base of transistor Q' to

turn on transistor Q' in the standby node. 20 When a short

circuit condition occurs in the |oad, not .7. shown, the voltage across
wi nding W' is zero. Ther ef or e, transistor 36" is turned off. The
result is an increase in voltage V30" that tends to decrease the duty

cycle of signalnpu®' psweas Mhodes D9pm&ibe3shmr ttupiedc Wff whet exdghdin VR5

When | oadi ng ogeﬁtopﬁcsggyﬁl{sm%play cgg@gowhg er Chat than a predeterm ned

val ue, for exanple tts is coupled to the
base of transistor Q&' cl?ramasymérmselp that yo| delgemired rnsthe ovupes to 4

volts. Thus, dS‘ﬁubaS@f\tQHe%ﬂﬁ ipl and ip2t (ARAL&NOIn GAGIGRENGE fiﬂcaem
bel ow t haltr? | eve
d

I
oo hate | i R Saret, A s SRy o8y oM ey TFtl
at low |oadindat isThelpwn in FIGURE 3b as a solid line. For comparison

purposes, the broken line waveform in FIGURE 3b corresponds to
mains current iM" of a conventional power supply that includes a
large filter capacitance at the output of the bridge rectifier for the

10 same input power rate of a 100 watts. In each half-period of
voltage VM, the peaks of the pulses of current ipl vary
predominantly in a sinusoidal manner at the fundamental mains
frequency. Capacitor C2 is charged via resistor R13 only in the

~ vicinity of the peaks of mains voltage VM.

15 In accordance with an inventive feature, resistor R13
causes an increase in the conduction interval of the diodes of
bridge rectifier 102; thereby, resistor RI13 reduces the rate of
change and peak amplitude of charging current i3, as illustrated in
FIGURE 3b. Thus, advantageously, high harmonics content of

20 current iM such as at the 3rd, Sth, 7th, 9th and 11th harmonics is
reduced. The peak value of the pulses of curreat i3 is low,
because the energy stored in capacitor C2 supplies only a portion
of primary current ip. About 65% of the power consumption is
obtained by means of current ipl and 35% by means of current

25 ip2.

Threshold voltage V11 controls the ratio between the
pulse-width of the pulse of current ip2 and that of the pulse of
current ipl. Because of a ripple voltage contained in voltage V30
during a given period of full wave rectified voltage V1, each of the

30 pulse-width of pulse-width modulated signal V9 and the peak of
signal V7 is approximately at a maximum when voltage V1 is zero
and at a minimum when voltage V1 is at a maximum. To
establish threshold voltage V11 for .the comparator formed by
transistors Q4 and QS5, signal V7 is coupled via a diode D12 to a

35 parallel arrangement of a resistor R9 and a capacitor C10. A
voltage developed in capacitor C10 varies in accordance with the
low frequency envelope of the peaks of signal V7, whereas, the
high frequency component is filtered out. The voltage in capacitor

This is the replacement sheet
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advant ageously, the power factor that is determ ned by current I 3'

does not decrease when the |oading further decreases. By provi di ng
upper limt to the duty cycle of transistor @', the value 35 of resistor
R13' can be smaller than if the maxi mum duty cycle of transi stor '

could further increase when the | oad decreases. Ther ef or e,

advant ageousl y, the power dissipation in r-&sistor R13 can be nade

| ower than if the clanping operation of diode 200

.13 C10 is coupled via a diode DIl to a capacitor C9 and to a base
electrode of transistor QS. Diode D11 and capacitor C9 operate as
a minimum level detector for detecting the minimum value of the
envelope of the peaks of signal V7. A forward voltage in diode

5 DI12 is temperature compensated by the opposite forward voltage
developed in diode DI1l. The envelope of the peaks of signal V7
varies as a function of voltage V1. Slice level or threshold voltage
V11 that is developed in capacitor C9 is determined by the
minimum pulse-width of signal V9 within a period of voltige V1.

10 Voltage VI1 is applied to the noninverting input of the
comparator formed by transistors Q4 and QS.

For constant loading, the level of voltage V11 s
relatively constant.  Therefore, the pulse-width of each of the
pulses of current ipl is the same. Whereas, advantageously, the

15 pulse-width of the pulses of current ip2 varies from a maximum,
when voltage V1 is zero, to a minimum, when voltage V1 is at a
peak. |
_ Increased loading,. for example, causes, in each period
of signal V9, an increase in the pulse-width of signal V9. Thus,

20 the minimum pulse-width of signal V9 also increases that tends to
cause an increase in voltage V11. The increase in voltage VIl
tends to delay the instant, during each pulse of signal V9, when
signal V10 becomes LOW, and, therefore, when transistor Q2
becomes conductive. The result is an increase in the pulse-width

25 of the pulse of current ipl. Since the pulse-width of signal V9
also increases, a ratio between the length of the conduction
interval of transistor Q2 and that of transistor Q1 tends to vary
less than if, for example, voltage V11 were a constant voltage.
Therefore, advantageously, the ripple voltage of output voltage V4

30 is less affected by loading variations than if voltage V11 were
constant, It follows that the ratio between current i3 and ipl
varies less by loading. Therefore, the harmonic content of current
iM or the power factor is also less affected by loading.

At a predetermined increased loading condition, the

35 peak value of current i2 is limited. A further increased loading
causes also the peak value of current il to be limited. An even
further increased loading, such as a short circuit in the secondary
side, results in a burst mode operation in IC 103.
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were not enpl oyed. Advant ageously, the duty cycle upper
limtation of transistor @' does not cause an increase in a ripple

vol tage at the output of the power supply because filter capacitors at
t he out put of the power supply, are sufficiently large to reduce 5

ri pple at | ow | oadi ng. In FIGURE 6, a fam |y of graphs
shows the variation of the power factd¥-for different val ues of

resi stor R13'" of FIGURE 4, as a function of the input power to the
power supply. The efficiency factor }err] at an input power of 100W
for different values 10 Imfeaﬂwygi/mrofmmm V&l shepr oghdle V9 of FIGURE

In FI G’tJRFM7 ?vé atidiNs qﬁemﬁpnsw%pw@a;sdaﬂohacm FEGURE 1090 gt opfId nput
curren (6]

GURE, 4 re5| equal 2 Chm and when
it is equal to‘%o‘so‘fﬁﬁf or‘?p&PT@Bh it ‘Spﬁﬂ‘ﬁgsé% tsr‘l‘é“ XA A bwed
har noni cs cont eatrenn idhatevsloped kil i eveedistor bR2t fonpr vpasge ¥Randal ck i s
al so shown.s  cyrrent it having a full wave rectified sinusoid waveform,

developed via a resistor Rl from voltage V1. When signal V9 of
FIGURE 2c is at the LOW level, voltage V6 of FIGURE .2b is clamped
to 1 volt, as determined by IC 103 of FIGURE 1. When signal V9
of FIGURE 2c attains the HIGH level, capacitor C6 of FIGURE 1
10 develops ramping voltage V6, as shown in FIGURE 2b. Because
capacitor C6 is charged by means of current il from full wave
rectified voltage V1, current il has a similar waveform as that of
voltage V1. In IC 103, voltage V6 is coupled to an input of an
over-load comparator 103d. When, under over-load condition,
15 voltage V6 is sufficiently large to trigger comparator 103d, a
HIGH-to-LOW transition occurs in signal V9. Thus, voltage V6
determines the maximum pulse-width of signal V9 that can be
produced under the over-load condition. It follows that voltage
V6 determines the maximum power that can be provided by
20 SMPS 100.
The rate of change or peak level of voltage V6 varies
during the period of voltage V1 ,such that when voltage V1 is at a
minimum, the upper limit of the pulse-width of signal V9, before
an over-load condition occurs, is larger than when voltage V1 is at
25 a maximum. In this way, for a given upper limit of the pulse
- width of signal V9, occurring at the peak of voltage V1, an even
larger pulse-width of the pulse of signal V9 and, therefore, a
larger regulation range is obtained remote from the peak of
voltage V1. : |
30 In IC 103, voltage V6 is coupled to an input of stop
comparator 103c. In normal operation, voltage V6, in addition to
voltage V30, controls the pulse-width of signal V9. The result is
that when voltage V1 is at its peak, voltage V6 causes the pulse-
width of signal V9 to be smaller than when voltage V1 is smaller
35 than the peak. In this way, the pulse-width of signal V9 is
modulated in a feed-forward manner via voltage V6.
Advantageously, the feed-forward manner results in a reduction
of the ripple voltage in output voltages V4, V5, V8 and V3.
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-14- CLAI M5 1. Aswtch
* node power supply, conprising: a source (107) of an AC,
mai ns supply voltage (VM ; a first rectifier (102) coupled
to said mains source for 5 rectifying said mains supply voltage w t hout
filtering out a | ow frequency conponent at a frequency (100 Hz)
related to that of sai d mains supply-V8l-tage to devel op an unfiltered,

rectified, first
When SMPS 100 is used in a television receiver, a
signal ON/OFF determines when the television receiver is required
to operate in a standby mode of operation and when in normal
operation mode. The magnitudes of the load coupled to winding
5 W4 and energized by SMPS 100 is determined by on/off control
signal ON/OFF, that is produced in, for example, a microprocessor,
not shown. Signal ON/OFF is. referenced to the cold ground
conductor G.
Detection of the standby mode of operation, activated
10 by signal ON/OFF, is performed by a detector 31 that produces an
on/off control signal V13 referenced to hot ground conductor H.
In the standby mode of operation, the magnitude of the load
coupled to windings W4 and W5 is substantially smaller than in
normal operation. Because of decreased load, an increase in sense
15 voltage V30 tends to occur in the standby mode. Therefore, IC
103 decreases the pulse-width of signal V9. Also, the frequency
of signal V9 increases to the resonance frequency of flyback
transformer T, around 100 KHz.
| Detector 31 is responsive to the pulses in winding W3
20 that are determined by signal V9 and detects the magnitude of
the loads coupled to windings W4 and W5 in accordance with the
frequency of the pulses in winding W3. The pulses in winding W3
are coupled, in detector 31, via a low pass filter that is formed by
a resistor 32 and a capacitor 33, to a rectifier 34. Thus, rectifier
25 34 produces in a capacitor 35 a DC voltage representative of the
length of the interval between transition edges of the pulses in
winding W3,
In the standby mode of operation, winding W3
supplies an almost sinusoidal voltage at 100 KHz. This voltage is
30 attenuated by the low pass filter formed by resistor 32 and
capacitor 33. Therefore, the voltage in capacitor 35 becomes
insufficiently small to turn-on an output transistor 36 of detector
31. The result is that signal V13 is at the HIGH level. On the
other hand, in the normal mode of operation, the frequency is
35 lower and transistor 36 is maintained continuously conductive
and signal V13 is at the LOW level. In this way, frequency
detector 31 produces signal V13 referenced to hot ground H that

is indicative of standby/normal mode of operation.
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sUppI y vol tage (V1); first swtching neans (Ql)
responsive to a first 10 switching signal (V9) and coupled to an

i,nduct ance (W) havi ng applied thereto said first supply voltage for
devel oping a first plurality of current pulses (iPl) at a
frequency that is substantially higher than that of said mains
supply voltage, said first plurality ofleurrent pul ses being coupled
via a second 1 5 rectifier (D4) to produce a first portion of a rectified
out put supply current (i $4); a filter capacitor (C2);

athird rectifier (d2) coiphdld M3 daiepupledsvidgoar diodend 4 to theo baasg dof

capacitor for neghdikyémoQsaid gpgfnm sppP! X austd aBQinlst8P Q[B.d]?t@' eBndGé'tr(rje”t
ITLe

pul ses (i3) in _sai ca i tar T.or .pr.odugi a rec d con
suppl y vol t age r("‘g’%(ﬂf:ﬁs s‘g‘iaghecgﬁé%li £ r§1gnaF V8. Thercforcsé[:wastgw@ htshg
means (Q) coupkened coffaidirseg onahdby, andupplrgntvap? aige zered r Esphisioaset o a

second swi t ghi ngcsicgpaint(H¥s throughf %siS@¥e! RRI BEd I R12NahAMKiGt #ATSisto)
that is coupl engo lsal d

o ground. Resistor R12 that is a positive temperature
coefficient  resistor heats and increases considerably in value.
Thus, the losses in resistor R8 are further decreased, during
standby.  The overall circuit dissipation is further reduced

10 because transistor Q2 is always turned off, during standby. Using
this technique has two advantages. Firstly, standby input power
is reduced from 14 watts to 10 watts. Secondly, during Standby,
the harmonics are significantly reduced because there is only
‘current ipl current component.

15 ' During the standby mode of operation, voltages V3, V4
and V5 are also regulated. However, because of leakage
inductance, the ratio between sense voltage V30 and output
voltage V4 is such that voltage V4 tends to be larger, in standby,
than in normal mode of operation. Such increase in voltage V4

20 that energizes output stage 37 may be undesirable because of
increased component stress.

On/off control signal V13 is coupled. via a series
arrangement of a resistor 38 and a diode 39 to the sense input
terminal, pin 1, of IC 103 for increasing the level of sense voltage

25 V30. As a result, the duty cycle of signal V9 decreases.
Consequently, advantageously, voltage V4 is decreased relative to
what it would have been without the effect of the signal that is
coupled via diode 39. For example, the value of circuit
components can be selected in such a way that voltage V4

30 becomes, in standby, even smaller than in normal mode of
operation.

FIGURE 4 illustrates a second embodiment of the
invention that is similar to that of FIGURE 1 with the differences
noted below. FIGURES S5a-Se illustrate waveforms useful for

35 explaining the operation the circuit of FIGURE 4. Similar symbols
and numerals in FIGURES 1, 2a-2h, 3a-3c, 4 and 5a-5¢ indicate
similar items or functions except that the symbol prime (') is
added in FIGURE 4 for the corresponding element. In SMPS 100’
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25 capacitor a second plurality of current pulses (iP2) at a frequency
that is substantially higher than that of said nmains supply voltage,

said second plurality of current pul ses being coupled via a rectifier
(D4) to produce a second portion of said output supply current; and
characterized by 3 0 means (R13) coupled to said capacitor for
| engt heni ng a pul se-wi dth and decregsing a peak anplitude of a given
current pul se in said capacitor. 2. A power supply
according to Caim1 characterized 3 5 in that said pulse-wdth

interval | engfh@FIGWYREMEansran§iRicl) Q2' is eompolaestransBsost orTHeRIGRkse t hat
I's coupl ed i n $efd&S ¥kt frafidsor Q2 ﬁaps%(biptlf%rd (V12 a half-wave rectifier
' diode D8' and a base resistor R8'. Signal V10' is derived from the
collector of transistor Q5' and coupled to the base of transistor Q3'
S via an inverter stage formed by a transistor Q6'. The collector
voltage of transistor Q6' is relatively large when turn on of
transistor Q3 is required. Therefore, a base resistor 70" may be a
relatively large resistor.  Advantageously, because resistor 70'
may be large, the circuit is less sensitive to tolerances in the level

10 of signal V9 when signal V9' is at the LOW level and transistor
Q3" is required to be turned off,

Increased loading causes a larger voltage drop across
resistor R13'. Therefore, the base voltage of transistor Q2' also
decreases when transistor Q2' is turned on. Advantageously, the

15 base current also increases because of the decrease in the base
voltage.  The increase in the base current is desirable for
maintaining transistor Q2' in saturation when its collector current
increases. Signal V13' is coupled to the base of transistor Q6' to
turn on transistor Q6' in the standby mode.

20 When a short circuit condition occurs in the load, not
shown, the voltage across winding W3' is zero. Therefore,
transistor 36' is turned off. The result is an increase in voltage
V30" that tends to decrease the duty cycle of signal V9' so as to
provide short circuit protection.

25 When loading of the power supply becomes smaller
than a predetermined value, for example, 80 watts, a diode 200’
that is coupled to the base of transistor QS5' clamps the base
voltage of transistor QS' to 4 volts. Thus, the base voltage of
transistor Q5' cannot decrease below that level. Therefore, diode

30 200' establishes a maximum value for the conduction interval or
maximum duty cycle of transistor Q2' at low loading. Thus,
advantageously, the power factor that is determined by current
i3' does not decrease when the loading further decreases. By
providing upper limit to the duty cycle of transistor Q2', the value

35 of resistor R13' can be smaller than if the maximum duty cycle of
transistor Q2' could further increase when the load decreases.
Therefore, advantageously, the power dissipation in resistor R13’
can be made lower than if the clamping operation of diode 200’
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- 15 -
- characterized

devel oped in a current path that bypasses said resistor (R13). 5
4. A power supply according to Caim 1 further characterized by,
a pul se-wi dth nodul ator (103) responsive to a f eedback signal (V30)
for pul se-wi dth nodul ating current pulses-13- (iPl,iP2) of one (iPl or
i P2) of said first and second pluralities of current pul ses. 10

were not employed. Advantageously, ‘the duty cycle upper

10

15

3. A power supply according to Claim?2

in that said first plurality of current pulses (iPl) are

limitation of transistor Q2' does not cause an increase in a ripple
voltage at the output of the power supply because filter capacitors
at the output of the power supply, are sufficiently large to reduce
ripple at low loading.

In FIGURE 6, a family of graphs shows the variation of
the power factor for different values of resistor R13' of FIGURE 4,
as a function of the input power to the power supply. The
efficiency factor n at an input power of 100W for different values
of resistor R13' is also provided.

_ In FIGURE 7, a family of graphs shows the harmonics
contents of input current IM' of FIGURE 4 when resistor R13" is
equal to 22 Ohm and when it is equal to 100 Ohm. For comparison
purposes, the maximum allowed harmonics content in what is
believed to be the proposed standard is also shown.
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~ 5. A power supply according to daim1l characterized - in that said

I nduct.ance (WL) conprises a winding of a flyback transfornmer (T). 15
6. A power supply according to Claim .l characterized in that the
absence of | ow frequency conponent filtering prevents said first
plurality of current pulses (iPl) from causing a si gni ficant

i ncrease of said harnmonic content in said-#di-ns input supply current
(iM. 20 7. A power supply according to Claim1l
characterized in that said second plurality of current pulses (iP2)
reduces a ri ppl e conponent in an &3@@!&5(%) of said power supply. 25

8. A power supply accorHi ng twichadel poherasipplyzedmprising:n that said
Capacttor ULt Pl St BB 4h NS supplfUBRELS (RBT 1 @
a first rectifier (102) coupled to said mains source for
5 rectifying said mains supply voltage without filtering out a low
frequency component at a frequency (100 Hz) related to that of
said mains supply voltage to develop an unfiltered, rectified, first
supply voltage. (V1);
first switching means (Q1l) responsive to a first
10 switching signal (V9) and coupled to an inductance (W1) having
applied thereto said first supply voltage for developing a first
plurality of current pulses (iP1) at a frequency that is
substantially higher than that of said mains supply voltage, said
first plurality of current pulses being coupled via a second
15 rectifier (D4) to produce a first portion of a rectified output supply
current (iS4);
a filter capacitor (C2);
. a third rectifier (d2) coupled to said mains source and
to said capacitor for rectifying said mains supply voltage to
20 develop current pulses (i3) in said capacitor for producing a
rectified, second supply voltage (V2) in said capacitor;
second switching means (Q2) coupled to said second
supply voltage and responsive to a second switching signal (V12)
for developing in an inductance (W1) that is coupled to said
25 capacitor a second plurality of current pulses (iP2) at a frequency
that is substantially higher than that of said mains supply voltage,
said second plurality of current pulses being coupled via a
rectifier (D4) to produce a second portion of said output supply
current; and characterized by
30 means (R13) coupled to said capacitor for lengthening
a pulse-width and decreasing a peak amplitude of a given current
pulse in said capacitor. '

2. A power supply according to Claim 1 characterized

.35 in that said pulse-width interval lengthening means (R13)

comprises a resistor (R13) that is coupled in series with said
capacitor (C2). '
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a power factor and wherein said peak anplitude decreasing means (R13)
- decreases the tendency of said capacitor current 3 O pulses to increase

said harnmonic content in said nains input supply current and

i ncreases said power factor. 9. A power supply according
to Caim1l characterized in that each of said first (i P1) and second
(iP2) pluralities of 3 5 current pulses oq@u at |east during a portion of
said period of said mai ns supply voltage when said first supply

vol tage (VM=0) is at a substantially smaller magnitude than a peak
magni t ude thereof 3. A power supply according to Claimn 2 characterized

in that said first plurality of current pulses (iP1) are developed in
a current path that bypasses said resistor (R13),

5 4. A power supply according to Claim 1 further
characterized by, a pulse-width modulator (103) responsive to a
feedback signal (V30) for pulse-width modulating current pulses
(iP1,iP2) of one (iPl or iP2) of said first and second pluralities of
current pulses.

10

5. A power supply according to Claim 1 characterized

in that said inductance (W1) comprises a winding of a flyback
transformer (T).

15 6. A power supply according to Claim 1 characterized
in that the absence of low frequency component filtering prevents
said first plurality of current pulses (iP1) from causing a
significant increase of said harmonic content in said mains input
supply current (iM).

20
7. A power supply according to Claim 1 characterized
in that said second plurality of current pulses (iP2) reduces a
ripple component in an output (V4) of said power supply.
25 8. A power supply according to Claim 1 characterized

in that said capacitor current pulses (i3) tend to increase a
harmonic content in a mains input supply current (iM) and reduce
a power factor and wherein said peak amplitude decreasing
means (R13) decreases the tendency of said capacitor current

30 pulses to increase said harmonic content in said mains input
supply current and increases said power factor.

9. -A power supply according to Claim 1 characterized

in that each of said first (iP1) and second (iP2) pluralities of

35 current pulses occur at least during a portion of said period of said
mains supply voltage when said first supply voltage (VM=0) is at

a substantially smaller magnitude than a peak magnitude thereof.

R 0 )
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10. A power supply according to Claim1l characterized in that said

- capacitor current pulses (i3) occur at a |ow frequency (100 Hz) that
i.s related to said frequency of said mains supply voltage and that is
substantially |ower than that (20 KHz) of said 5 first plurality of
current pul ses (iP1). 11. A switch node power supply,
conpri si ng: a source (107)}16f- an AC, nai ns supply voltage
(VM and an AC, mains supply current (iM; 10 a filter
capacitor (C2); a first rectifier (D2) coupled to said
mai ns source and t ol @aid RRICSUBPIYF @ECoding fipi Rdaismi U charsgedapbl v
vol tage to in that said capacitor current pulses (i3) occur at a low frequency

(100 Hz) that is related to said frequency of said mains supply
voltage and that is substantially lower than that (20 KHz) of said
S  first plurality of current pulses (iPl).

11. A switch mode power supply, comprising:

a source (107) of an AC, mains supply voltage (VM)
and an AC, mains supply current (iM);

10 a filter capacitor (C2);

a first rectifier (D2) coupled to said mains source and
to said capacitor for rectifying said mains supply voltage to
develop current pulses (i3) in said capacitor at a frequency (100
Hz) that is related to said frequency of said mains supply voltage

15 (V2) for producing a second supply voltage at a terminal (between
D2 and Q2) of said capacitor, said capacitor current pulses
producing a distortion in said mains supply current that tends to
decrease a power factor associated with said mains source;
characterized by :

20 means (R13) coupled to said capacitor for lengthening
a pulse-width of a given current pulse and for decreasing a peak
amplitude of said given current pulse so as to reduce the
distortion and increase the power factor;

first switching means (Q1,D1) responsive to a first

25 switching signal (V9) for generating in an inductance (W1) that is
coupled to said mains source (107), a first plurality of current
pulses (iP1) at a substantially higher frequency (20 KHz) than said
frequency of said mains supply voltage (50 Hz), said first plurality
of current pulses (iP1) being coupled via a rectifier (D4) to

30 produce a first portion of a rectified output supply current (iS4),
said first plurality of current pulses having magnitudes that vary
during a period of said mains supply voltage in accordance
therewith in a manner to increase said power factor; and

second switching means (Q2,D2) responsive to a second

35 switching signal for generating, in an inductance (W1) that is
coupled to said terminal where said second supply voltage is
developed, a second plurality of current pulses (iP2) at a
substantially higher frcquency than sald frcqucncy of said mains
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devel op current pulses (i3) in said capacitor at a frequency (100 Hz)
- that is related to said frequency of said mains supply voltage 15 (V2)

f.or producing a second supply voltage at a termnal (between D2 and
@) of said capacitor, said capacitor current pulses produci ng a
“distortion in said mains supply current that tends to decrease a power
factor associated wth said mains source; _y4_. characterized by 20
means (R13) coupled to said capacitor for | engthening a pul se-width
of a given current pulse and for decreasing a peak anplitude of said
given fcurrent BuppBy Seohagé o iaﬂfd!JCs%cbh@_ pluralit Sépr&menﬁg IsBST ®3%fy t he
power factor; " ir t chi n : .responsiye to
a first 25 S\'/:\noflghﬁdngw%i 6nfeﬁcu(f\7§) ?#)éiv‘qgoeré}ngf:%S?i %%%i R4 té?’én‘gtg_ S(av{)
that is eentified outpdi qupRbhscwotAteein 197Manger | kostreghcs aki Tipphd
current REhidhent Rib) adt o@pat st 3aid @deerthWy. frequency (20 KHz)
than said s frequency of said mains supply voltage (50 Hz), said first
plurality of current pulses (iPl) being coupled via a rectifier (D4)
to . 12. A power supply according to Claim 11
characterized in that a given current pulse of said second plurality
of current pulses (iP2) occurs closely to a corresponding current
pulse of said first plurality of current pulses (iP1).
10
13. A power supply according to Claim 12
characterized in that a ratio between magnitudes of first plurality
of current pulses (ipl) and magnitudes of said second plurality of
current puilses (iP2) varies, during said period (of VM).
15
14, A power supply according to Claim 11
characterized in that said first (iPl) and second (iP2) pluralities of
current pulses are generated in a transformer (T) and
transformer-coupled therethrough to a load circuit (37).
20
15. A power supply according to Claim 11
characterized in that said first (iP1) and second (iP2) pluralities of
current pulses are generated in the same winding (W1) of said
transformer.
25

16. A power supply according to Claim 11
characterized in that a ratio between a magnitude of said mains
supply voltage (VM) and a magnitude of a current pulse of said
first plurality of current pulses (iP1) that occurs when said mains

30 supply voltage is at a peak value (VM=325V) is approximately the
same as a ratio between a magnitude of said mains supply voltage
and a current pulse of said first plurality of current pulses that
occurs when said magnitude of said mains supply voltage is
substantially smaller (VM=0) than said peak value.

35

17. A power supply according to Claim 11 further
characterized by, means (Q4,Q5,Q3) responsive to a control signal
(V7) that varies during said period of said mains supply voltage
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3 0 produce a first portion of a rectified output supply current (i$4),
“said first plurality of current pul ses having magnitudes that vary

during a period of said mains supply voltage in accordance therewith
.in a manner to increase said power factor; and second

swi tching neans (2, D2) responsive to a second 3 5 switching signal for
generating, in an inductance (W) that is-18- coupled to said term nal
where said second supply voltage is devel oped, a second plurality of
current pul sesé}i P2) at a substantial ly higher frequency than said
frequency of dMM)nf¢msvarying magnitudes of sald second plurality of current

pulses (iP2), during said period of said mains supply voltage, in a
manner to reduce said ripple.

5 18. A power supply according to Claim 11
characterized in that a current path of said first plurality of
current pulses (iP1) excludes said terminal (between D2 and Q2)
where said second supply voltage (V2) is developed.

10 19. A power supply according to Claim 11
characterized in that said first switching means (Q1,Dl) comprises
a rectifier (D1) coupled to said mains source (107) for rectifying
said mains supply voltage (VM) without filtering out low
frequency harmonic components of said rectified mains supply

15 voltage from said rectified mains supply voltage (V1) such that
variations of said rectified mains supply voltage during said
period produce amplitude modulation in said first plurality of
current pulses (iP1).

20 20. A power supply according to Claim 11 further
characterized by, a pulse-width modulator (Q5,Q4,Q3,103)
responsive to a feedback signal (V30) that is indicative of said
ripple component for varying said magnitudes of second plurality
of current pulses (iP2) , during said period, in a manner to reduce

25 said ripple component (of e.g. V4).

21. A power supply according to Claim 11 further
characterized by a pulse-width modulator (103) responsive to a
feedback signal (V30) for pulse-width modulating said first

30 plurality of current pulses (iPl) to provide output supply
regulation.

22. A power supply according to Claim 11 further
characterized by a pulse width modulator (103) responsive to a
35 feedback signal (V30) for varying magnitudes of said first
plurality (iP1) and of said second plurality (iP2) of current pulses
in the same direction in a manner to provide output supply
regulation.
This is the replacement sheet
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-17- supply voltage, said second plurality of current pul ses being
~coupled via a rectifier (D4) to produce a second portion of said
rectified output supply current, in a manner to reduce a ripple

conponent at an output of said power supply. 5 12. A
power supply according to Caim 11 characterized in that a given
current pul se of said second plurality .1f current pulses (iP2) occurs
closely to a correspondi ng current pulse of said first plurality of
current pul ses (iP1). 10 13. A power supply
according to Cdaim characterized. in that a ratio between

magni tudes of first plurghity of current. pul ses 1) and,,ma des
of said second plurali tyié A RRYERt SYRP 3% rl‘é’s %ulﬁf ai d

period (of VM characterized in that current pulses of sald u'st plurahty (1P1) of
current pulses occur in one of a current interleaving manner and a
5 current superposition manner with respect to current pulses of

said second plurality (iP2) of current pulses.

24, A switch mode power supply, comprising:

a source of an AC, mains supply voltage (107);

10 a filter capacitor (C2);

a first rectifier (D2) coupled to said mains source and
to said capacitor for rectifying said mains supply voltage to
develop current pulses (i3) in said capacitor for producing a
rectified, first supply voltage (V2) in said. capacitor;

15 means (R13) coupled to said capacitor for lengthening
a pulse-width and decreasing a peak amplitude of a given current
pulse in said capacitor; characterized by

first switching means (Q2) coupled to said first supply
voltage and responsive to a first switching signal (V12) for

20 developing in an inductance (W1) that is coupled to said capacitor
a first plurality of current pulses (iP2) at a frequency (20 KHz)
that is substantially higher than that (50 Hz) of said mains supply
voltage, said first plurality of current pulses being coupled via a
rectifier (D4) to produce a first portion of a rectified output supply

25 current (iS4);

. a second rectifier (102) coupled to said mains source
for rectifying said mains supply voltage to develop a rectified,
second supply voltage (V1); and

second switching means (Q1,D1) responsive to a second

30 switching signal (V9) and coupled to an inductance (W1) having
applied thereto said second supply voltage for developing a
second plurality of current pulses (iP1) at a frequency that is
substantially higher than that of said mains supply voltage via a
current path that bypasses said capacitor, said second plurality of

35 current pulses being coupled via a second rectifier (D4) to produce
a second portion of said rectified output supply current.
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15 14. A power supply according to Caim 11
char acterl zed in that said first (iPl) and second (iP2) pluralities of
current pulses are generated in a transformer (T) and
transformer-coupled therethrough to a lagd circuit (37). 20

15. A power supply according to ai m 11 characterized in

that said first (iP1l) and second N rent puI ses
are gener at ﬁ'ﬁ%’}? RO, S0Rg iy rh HeBihb Bl cungfiE,
16. A p y according ABSTRACH 11 char act erlzed in

that a ratio between a magni tude of ,said mains supply voltage (VM and

a lmagnl tugi of af@%lleﬂ&av@uk&ﬁlfiﬁd SJ%ﬂtd e (Vl)f iy ProPhésdlfidi af Larrent )
7 ar i 5B IE 906, Bl APl B
magni t ude ofvoltaige isaiapplicdpid p Windinge (W1) of a flyback transformer (T) and
to a switching transistor (Q1). A first plurality of current pulses (iPl)
are generated in the winding at a frequency (20 KHz) that is higher
than the frequency (50 HZ) of the mains supply voltage and at peak
amplitudes that vary in accordance with the rectified voltage in a
manner to increase a power factor. The rectified voltage is further
réctified via a rectifier (D2) coupled in series with a resistor (R13)
and a low-pass filter capacitor (C2). A voltage (V2) in the capacitor
is coupled via a second switching transistor (Q2) to the winding to
produce a second plurality of current pulses (iP2) to reduce a ripple
component.

FIGURE 1.
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and a current pulse of said first plurality of current pulses that
occurs.-when said magnitude of said mains supply voltage is

substantially smaller (VM:=0) than said peak val ue.

A power supply according to Claim 11 further

means (Q4, b, B)

This is the replacement sheet
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(VM for varying magnitudes of said second plurality of current pul ses
(iP2), during said period of said mains supply voltage, in a manner to
reduce said ripple. 5 18. A power supply according to
Claim 11 . characterized in that a current path of said first
plurality of current pul ses (i PB/7excludes said term nal (between D2
and Q) where said second supply voltage (V2) is devel oped. 10

19. A power supply according to _Claim 11 characterized in that
said first switching means \(Ql, eV compr'f ses~ _— W rectifier (DL) coupl ed
to said mains source 0 6 eet-H-y-gg—=——"—""Sad e ol-t age

(VM without filterindg~Qut |ow f qency harn| 3 corrpnts of, said
rectified ' upply 1™N% o”from said rectifiet\mins supply
vol t age (VTFIB? dt hat pply

vol tage during said

~2.8V V6 -
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period produce anplitude nodulation in said first plurality of current
20 20 A power supply according to Claim 11

pul ses (i P1). .
further .characterized by, a pul se-wi dth nodul ator (@5, 4, @3, 103)
responsive to a feedback signal (V30) P9 is indicative of said
ri ppl e conponent for varying said magnitudes of second plurality of

a ner to reduce 25 said

current pulses (iP2) , durbﬁ sald,ggrlod, in

ri ppl e conponent (of e.g. 4?. - . A pome{ﬁiupply

according to daim 11 further characterlzed by a pul se*#tdth

nmodul ator (103) responsive to a feedback~ngnaI (Vv30) for pulse-width
“of current putses-.(i.P1)._ .o provide

nodul ating said flrst,ﬂﬁ“‘fﬂ1n1ﬂ|‘ry )
out put supply o»regulatlona 22. A pd%ef‘§bpply
according to Claith 11 further . I e
FIG. 3a
K
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responsive to a 3 5
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(V30) for varying nagnitudes

si gnal
plurality (iP1l) and of said second plurality (iP2) of current pul ses

in the sane direction in a manner to provide output supply

characterized by a pul se width nodul ator (103)
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23. A power supply according to COaim 11 characterized in
that current pulses of said first plurality (iP1) of current pul ses
current

in one of a current interleaving nmanner and a 5
respect to current pul ses of said second

occur
superpositi-on rmanner with
plurality (iP2) of current pul ses. 3/7 24. A switch node
power supply, conprising: a source of an AC, mains supply
vol tage (107); 10 a filter capacitor (C2); a
first rectifier (D2) cotﬁed to«8Qi d mai ns &purce an to said
capacitor for rectifying Said s suppl ylgpl t age tun_ dev lhp current

1 fied, st supply

pul ses (i3) in said capQey y tor f prOdUCquif
voltage (V2) in said. C|torggl neaﬂg;(RlS) C led to
sai d capacitor for |engthening N a.puléhimndth an ecreaS|E§§a peak
anplitude of a given cugﬁent pul se in said capa or; charesterized by

Vg’
Y-
vig'
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fi _rs't switching neans (Q2) coupled to said first supply vol t age and
responsive to a first swtching signal (V 12) for 20 devel oping in an

| nductance (W) that is coupled to said capacitor a first plurality
of current pulses (iP2) at a frequency (20 KHz) that is substantially
hi gher than that (50 Hz) of said nmaing/3upply voltage, said first
plurality of current pul ses being coupled via a rectifier (D4) to
produce a first portion of a rectifigbsoutuR su_gpal\ 25 current (i $4);
a second rectifier (102) coupled to Said maigis sm@e for rectifying
said mains supply voltage to devel opaj;aguec‘.g"i'g ed,"” = second supply
vol tage (V1); and . sgrond gwi t chgng neans (QL, D1)
responsive to a second 30 sw tching signal (V9). and coupled to an
i nductance (W) having appl i ed:thereto sai d, second supply voltage for
devel opi ng a second plural @& ‘:‘of%ér,’r &8 pul ses (i P1) at a frequency
that is substantial | y hi gh&® & han? t “;,E)E said mai ns supply voltage
via a current path that bypﬂ@s‘e‘\;'@_ [ @,apaci‘:ttor, sai d second
plurality of EN = & : A
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35 cur refit” pul ses being coupled via a second rectifier (D4) to produce
a second portion of said rectified output supply current.
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