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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. :

: 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 mains supply current and increase the power factor. 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.

\RY OF THE INVENTION
In a switch-mode power supply, embodying an aspect
of the invention, a first plurality of current pulses at high

frequency are produced from an input mains supply current. The

amplitude of the first plurality of current pulses varies in
accordance with a waveform of an unfiltered, full-wave-rectified
mains supply voltage in a manner to reduce distortion in the input
mains supply current. To reduce ripple component at an output of
the . power supply that is caused by the amplitude variations of
the first plurality -of current pulses, a second plurality of current

- pulses are generated in, for example, an interleaving manner with

30

35

respect to the first plurality of current pulses and applied to the
output. The second plurality of current pulses are pulse-width
modulated in accordance a feedback signal that is indicative of a
ripple compom!;nt. The unfiltered, full wave rectified mains
supply voltage' produces in a feed-forward manner pulse-width
modulation of the second plurality of cumrent pulses so as to
improve overall ripple component reduction.

. In accordance with an aspect of the invention, the full,

‘unfiltered, full-wave-rectified mains supply voltage produces

variation of the upper limit of the pulse-width of the first

plurality of current pulses during the period of the mains supply
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15 a ripple voltage in the output supply voltage. SUMVARY OF THE | NVENTI ON

In-a switch-node power supply, enbodying a aspect of @5 gjng/ tion
first plurality of current pul ses at hi gh freque % E(?oduced from

.an i nput mains supply current. The arrplltude of the first pl urallty of
current puls leg | wav et o of %
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plurality5of withoant eycdesiing atht adlwed $twedshdn components of the power
supply relative to a situation in which the upper limit to the
pulse-width is the same throughout the period of the mains
supply voltage. :

_ A switch mode power supply, embodying an aspect of

10 - the invention, includes a source of an AC, mains supply voltage, an
inductance and a first rectifier coupled to the mains source for
rectifying the mains supply voltage to apply to the inductance a
rectified, first supply voltage. Pulse-width modulated current
"pulses are generated in the inductance from the first supply -

15 voltage at a frequency that ‘is substantially higher than a
frequency of the mains supply voltage. The current pulses are
coupled from the inductance to a load circuit to energize the load
circuit. A pulse-width modulator is responsive to a feedback

. signal for generating the switching signal in accordance with the

20 feedback signal. A pulse-width of the switching signal is limited
such that a limit associated with the pulse-width varies during a
period of the mains supply voltage in accordance with a waveform
of the mains supply voltage.

o~

25 BR IPTION OF THE DRAWIN
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 1;
30 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
35 explammg the operation of the arrangement of FIGURE 4; :
' FIGURE 6 illustrates a graph prov1dmg the mput power '
factor in the arrangement of FIGURE 4; and
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current pulses during the period of the mains sup
BETATL ED DESCRIPTION OF 1HE DRAWINGS

5 ' FIGURE 1 illustrates an SMPS 100, embodying an
aspect of the invention, that utilizes a technique, referred to
herein as current super-position technique. SMPS 100 of FIGURE
1 is suitable for providing, for example, 120 watts power. A
mains supply voltage source 107 that produces an AC voltage VM

10 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 Cl1. AC voltage VM of source 107 is sinusoidal at,
for example, a line frequency of 50 Hz. Because of thé small
capacitance of capacitor C1, low. frequency harmonics of voltage

15 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
ptimary winding W1 of a flyback transformer T.

A switching signal V9, having a controllable frequency

20 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
electrode of transistor Q1 is coupled to the other end terminal of
winding W1. Signal V9 is developed at an output terminal of an

25 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.

In a given cycle of signal V9, after signal V9 attains
the HIGH level, a buls’e current ipl flows through diode D1. An

30 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
level, transistor Q1 becomes non-conductive and a flyback
operation occurs. The result is that flyback pulse currents are

35 produced in secondary windings W2, W3, W4 and W5 of
transformer T. The drain voltage of transistor Q1 is limited,
during flyback, by means of a snubber circuit, not shown.
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5 D§, respectlvely Voltage V4 energizes, for example, a horizontal
deflection output stage 37 and voltage V5 energizes, for example,
an audio stage of a television receiver.

~ Transformer T isolates, with respect to electrical shock
hazard, source 107 and a "hot" ground conductor, H, from a "cold"
- 10 ground conductor G. Voltages V3 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
indicative of, for example, voltage V4 is produced in a circuit 30

15 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.
Voltage V30 is compared in IC 103 with a reference voltage 103a.

20 An error voltage 103b is produced from a difference between
voltage V30 and reference voltage 103&._ 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
levels of output voltages V4 and V5. . .

25 Voltage V1 is also coupled via a series arrangement of
a resistor R13 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 proportional to the peak voltage of
voltage V1. Voltage V2 is coupled via an MOS switching transistor

30 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.
DC voltage V8 developed, during flyback, via winding
- W2 is larger by about 15V than voltage V2. Voltage V8 is coupled

35 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
off. By being larger than voltage V2, voltage V8 is sufficient to
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rectified, first supply voltage. Pul se-wi dth nodul ated current pul ses are
generated in the inductance fromthe fi rs'gsguppl y 1 iCXO@ gg at a
frequency that is substantially higher than a frequency o '_?_h'e__ mai ns supply
.vol tage. The current .pul ses are coupl ed fromthe inductance to-a |oad-
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i | lustrat®s opefaftbn érdpepicyg ofn teaqmistorofQ2.  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
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
10 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,
diode D9 conducts and capacitor C7 is immediately discharged
~ through the low impedance output formed at pin 5 of IC 103.

15 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
items or functions. _ . ' '

_ The pulse width of signal V9 of FIGURE 1 determines

20 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
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

25 envelope of signal V7 also varies as a function of voltage V1,
during the 10 millisecond period of voltage V1, as shown in
FIGURE 2d. In FIGURE 2d, for example, the ratio between the
period of signal V7 and that of voltage V1 of FIGURE 2a is
exaggerated for better clarity. _ ' -

30 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 RS produces emitter currents in
transistors Q4 and Q5. A collector resistor R4 of transistor Q4
develops an output signal V10 at an output terminal 13a of the

35 comparator. :

Output signal V10 is coupled to the base of transistor
Q3 to control switching operation of transistor Q3. The collector of
transistor Q3 is coupled to a load arrangement formed by resistors
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.the invention, that utilizes a current super-position technique; FIGURES
2at2h |IIustrate wavef orns useful for explgu ni ng 't he ﬁ qp of the SMPS
d al

of FIGURE 1; 3 0 FI GURES 3a-3c il lustrate wavef orns
-useful for explaini ng the operatlon of the SUPS of FIGURE 1; FIGURE 4
i -l ustrates e n rate
wavef ornms .us % g'? al n| fizg(ﬂeb% ¥@é;\t§lly0rlrmfd%gﬁ§§r ?gngg},r%inﬁsa%

FI GURE 4; FI @URE*B“%I $18§?1a‘”3% 3 g?ea;ﬂ#t?)&fvﬂ'énﬁtj@m& 3.nput power factor in
the arrangement of Fl GPfmédiaaély after the transition to the HIGH lével of

signal V9, diode D1 becomes conductive and_current.ipl is
5 generated. As long as transistor Q2 remains turned off, current
ip2 is not generated. Transistor Q2 remains nonconductive as long
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
.10.. manner after signal V9 becomes HIGH.

' During a given switching period of signal V9, when
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

- 15 V10 attains the LOW level,- transistor Q3 of FIGURE 1 is turned off

~ 7 and transistor Q2 is turned on by means of signal V12 of FIGURE
2f. :

| When transistor Q2 becomes conductive, diode D6 of

FIGURE 1 becomes conductive. causing diode D1 to become

20  nonconductive. Therefore, input supply voltage V1 is decoupled

from winding W1 and voltage V2 is coupled to winding W1 via

- 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

25 FIGURES 2g and 2h. |
After a predetermined interval that is determined in
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
30 terminal 13a between resistor R4. and resistor R10. Diode D13
conduct when signal V9 is at the LOW level. Immediately after
signal V9 becomes LOW, signal V10 of Figure 2e is forced to be
LOW because diode D13 of FIGURE 1 conducts. Therefore,
transistors QI and Q3 are turned off. Transistor Q2 does not
35 conduct current although signal V12 at the collector of transistor
Q3 is HIGH because transistor Q1 is turned off. Advantageously,
because of the operation of diode D13, no current flows in
resistors R8 and R12 when signal V9 is LOW. The resulting
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5 position of currents ipl and ip2 is shown in FIGURE 3a for a 100
watts input power. A resulting mains current iM has a waveform
that is shown 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
10 large filter capacitance at the output of the bridge rectifier for the
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

15 vicinity of the peaks of mains voltage VM. _

Advantageously, 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,
--20 advantageously, high harmonics contents of current iM such as at
" the 3rd, Sth, 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

25 curmrent ipl and 35% by means of current 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 DI2 to a

35 parallel arrangement of a resistor R9 and a capacitor C10. A
voltage developed in capacitor Cl10 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
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for exanple,. a line frequency of 50 Hz. Because of the small capacitance
of . capacitor C, |ow frequency harnonics of voltage 15 e not filtered
out by capacitor . Voltage V1, having a8wavef or m d*Cén 8J€:§-}r9t"ere,d, full
.wave rectified sinusoidal voltage, is coupled via a switching diode.Di to

an -end termnal W2a of a primary w pdi WL of a flyback,transfor T. A
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developed in diode D11. 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 voltage V1. -
10 Voltage VI1 is applied to the noninverting input of the
comparator formed by transistors Q4 and Q5.
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 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 V11
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 tramsistor 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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_pul se-wi dt h nodul ator. The frequency of signal V9 |s sel ect ed to be W|thi n
a range of 20-50 KHz. In a given cycle of signal %Il '
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sheet 5 current il, havmg 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. | |

In carrying out an inventive feature, 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

25 condition occurs, is larger than when voltage V1 is at 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.

_ The pulse-width of signal V9 is modulated in a feed-
- forward manner via voltage V6. Thus, each of sense voltage V30
and the fed-forward - voltage contributes to the extent of pulse-
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-4 - As aresult of flyback current pulses, such as a current pulse is4-in
wi.nding WA, that are produced from pul ses_ip, DC out S 4? vol t ages V3,
V4, V5 and V8 are produced in capacitors~ b@ Cg ‘F}’lé rectifying
.diodes D3, D4, D5 and 5 D8, respectively. VoI tage V4 energizes, for :

o B et e LT b eBll RS APabpblfsifs, HRITEIT BRGak 2o
i sol ates; w tﬂanmpeekuhs éheat rfucthersiredactianarof, theurippleoveltage imhot "
ground. condugh oy FhithgAMV4, 88,908 and V3.
When SMPS 100 is used in a television receiver, a
5 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
W4 and energized by SMPS 100 is determined--by "onfoff control
signal ON/OFF, that is produced in, for example, a microprocessor,
10 not shown. Signal ON/OFF is refetenced to the cold ground

conductor G.
Detection of the standby mode of operation, activated

by signal ON/OFF, is performed by a detector 31 that produces an
on/off control signal V13 referenced to hot ground.conductor H.
15 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
voltage V30 tends to occur in the standby mode. Therefore, IC
103 decreases the pulse-width of signal V9. Also, the frequency
20 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
"that are determined by signal V9 and detects the magnitude of
the loads coupled to windings W4 and W5 in accordance with the
25 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
34 produces in a capacitor 35 a DC voltage representative of the
length of the interval between transition edges of the pulses in
30 winding W3. '

In the standby mode of operation, winding W3
supplies an almost sinusoidal voltage at 100 KHz. This voltage is
attenuated by the low pass filter formed by resistor 32 and
capacitor 33. Therefore, the voltage in capacitor 35 becomes

35 insufficiently small to turn-on an output transistor 36 of detector
31. The result is that signal V13 is at the HIGH ievel. On the
other’ hand, .in the normal mode of operation, the frequency is
lower and transistor 36 is maintained continuously conductive
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.10 ground conductor G  Voltages V3 and V8 are referenced to hot ground
conductor H Whereas, voltages V4 and V5_gne referenps%a‘ q pd ground '
conductor G In normal operation, a DC sense voltage 0Ot “is.indicative
- of, ‘for exanple, voltage V4 is produced in a circuit .30 15 by filtering

and rectifyi t@ 41y bagk wlﬁe&hen mowh wve\l\B armd Yﬁist avaﬁeydlfre ixélﬂs A
resistor'30a.is abl e, for t out vol ta t he
adj ust ment o‘lle%F‘Pragif \exed “°S§n§’egr\?i #’gg °P§ o‘é“ %éhfx%p
te][ m nal , puilgt 3“3”{‘5&‘? deBsta\mitiﬁgerMEDl mdeonsﬁaopelratmxi g: 103 ¥m th a
difference between vol Sl 30 5 ey@el i (£ oks A3 *56%”{?%%0 age
103b i s Souptradsistonn Qhput Jignalst¥p3cwamseat ¢ rarmstprt RQ8onta oroadpel se-

regardless of the level of signal V9.  Therefore, transistor Q2 is

turned off, during standby, and current ip2 is zero. In this case,

DC current flows through resistors R8 and R12 and' via transistor

Q3 to ground. Resistor R12 that is a positive temperature

10 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
because transistor Q2 is always turned off, during standby. Using
this technique has two ad\;antages. Firstly, standby input power

¢ 15 is reduced from 14 watts to 10 watts. Secondly, during Standby,
the harmonics are significantly reduced because there is only
current ipl current component.
During the standby mode of operation, voltages V3 V4
and V5 are also regulated. However, because of leakage

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

25 - 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
V30. As a result, the duty cycle of signal V9 decreases.
Consequently, advantageously, voltage V4 is decreased relative to

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

35 FIGURE 4 illustrates a second embodiment of the
invention that is similar to that of FIGURE 1 with the differences

noted below. FIGURES S5a-5e illustrate waveforms useful for

~ explaining the operation the circuit of FIGURE 4. Similar symbols
/ . .
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W dth or a HHGHto-LOWNtransition of signal V9 to regulate the levels of

out put voltages V4 and V5. 25 : i Vol t age V. [g g@? coupled via a
seri.es arrangenent of a resistor- R13 and azrectlfy 2toaf|Iter
-capacitor C2 for produci ng a supply voltage V2 in- capacitor. c2. Vol tage V2

vol tage i Bbe dyeersty cin, SYGUREY S99 207 3 8ar, 16 AF e licgle
and a swi tchlsngkarodtcm onhéunctiansi sxceptQthiat  thendsyrnbok, pring ufidt l-‘bn
term nal E@a rwaﬂrmf@ﬁs % %deh%dceﬁwggﬁpl OeRpRO! 1 TPy boand a

secondary WI n &2 4ransf0rrrer T e V8 devel ope du
f1yback, vi aohi 'S [F%ﬁ%éﬁmbﬂ%\bd&t Entraasisige \olhe, ? e V8

is coupl el 3cﬁrretn<i tt‘@e gpdmsistort IG2Isiist qupRliedi avia medizif-waRs8 pectifier
resistor R12d ode D8’ and a base resistor R8'. Signal V10' is derived from the
collector of transistor Q5' 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

10 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.

15 ' 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

20 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,

25 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

‘30 that is coupled to the base of transistor Q5' clamps the base
voltage of transistor Q5' to 4 volts. Thus, the base voltage of
transistor Q5' 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,

35 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 thé maximum duty cycle of
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coupled in series, to turn on switching transistor @ when a transistor 3
that is coupled to the gate of transistor 2 is turned off. By being |arger
than voltage V2, .voltage V8 is sufficientlBe ., -5 -ROARHBIHOS transistor
.Q@. A protection diode D7 coupled between the solrce el eétrode and gate
electrode of transistor 2 linits gate-source voltagé .excursions of

transi stor QeeanSiggoal Q2 ofouldGfmEtheralissrease: rwhen t the sipad hdagresses.

O]Pe{ ation Ir% OforeOf a?&%{g‘tﬁ%?égfl.l QZtEhe Tﬁoﬁeﬁtdiﬁki bi®nS Wt GREIRGoPPRI3 i ON
of transts OE:an bcsI ane lower thanéUi? t&clglarcnoptiﬁgeopglla%o% of diode 200
~ were not employed.  Advantageously, the duty cycle upper
5 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 fa'mi'ly of graphs shows the variation of
- 10 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
15 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.

AT
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puI se wi dbh of signal o faxst H‘MEI'I (4022 r¢aupled to said mains source for

10

20

25

30

35

rectifying said mains supply voltage to apply to said inductance a
rectified, first supply voltage (V1);

- switching means (Q1) responsive to a sw1tchmg signal
(V9) for generating in said inductance pulse-width modulated
current pulses (iP) from said first supply voliage at a frequency
(20 KHz) that is substantially higher than a frequency (50 Hz) of
said mains supply voltage, said current pulses being coupled from
sald inductance to a load circuit (37) to energize said load circuit;

a pulse-width modulator (103) responsive to a
feedback signal (V30) for generating said switching signal in
accordance with said feedback signal; and characterized by '

means (103d) coupled to said pulse-width modulator
and rtesponsive to said mains supply voltage for limiting a pulse-
width of said switching signal such that a limit associated with

di ode to nerator that is fornmed by a resistor R7 and a

capaci F Hode DO linmts t he gaxi mum v@g¢cadg7F1p ranp signal
V7|nc lll 91vo|t Wen signal V9 is. 10 H GH-diode D9 is
Teverse aC|tor C7 is charged by means of vol tage V2 through
résistor R7. Consequent ly, si gnal V7 i CLgdMSi tor C7 increases |inearly.
When signal V9 becones LOW, dia D9 conducts and acitor C7 is

i mredi at el y di schar ged hréug?l’f'”fﬁb AU | ML FUBP B’utg‘m‘pf’g%d at pin 5 of
I C I103 15 e o a SbGtdeES1 02n-ofhan i ACyshaimsesupply evaltage (UN§ for
expl ai ning the operatig Il of FI GURE 1. Slmlarsnbols and
nuneral s in Fl GURES 1. 4;1 3B959§r?% gWite simlar iteps or func%ll ons, The

said pulse-width varies during a period of said mains supply

voltage in accordance with a waveform (V1) of said mains supply
voltage. '

_ 2. A power supply according to Claim 1 characterized
in that said main ‘'supply voltage (VM) is coupled to said pulse-
width limiting means via a signal path (R1) that bypasses said
inductance (W1) in a feed forward manner for varying said limit.

3. A power supply according to Claim 1 characterized

in that, during said period (20 msec), an increase in a magnitude
of said mains supply voltage (VM) causes said limit associated
with a pulse width of a given current pulse of said current pulses
to decrease, and vice verse. .

4. A power supply according to Claim 1 characterized
in that said limit shifts to a higher value remotely from a peak of
said main supply voltagc (VM).
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.20 the peak level of signal V7 that is devel oped in capacitor C7. Because

the voltage that is coupled via diode Dl_tg w nding ag7atpul | wave
rectified sinusoid waveform the feedback ;Si gnal to Fg‘?og ,'c_aE);es t he pul se
-wi dth of signal V9 to vary as a function of full wave rectified voltage V1.

Consequent |y, . the peakg, or A?%OMV%%HQ abcoiding! toVICREMO 1V 2hhRftérizéd

function-of yolt V1, d the 10 milli i od_of .volt Vi,
hown 11 P OREthE: S3i Assvislh mpdilates OUD, 0%, indunitReof fmd -

period of sigigih Vépphd vdiatgeof( VM) t fuge midudhtingGeldd Ravitchiagagimgradt & f or

better clari . 1 S I R | ':i s appld
inverting i néﬁ?(’?‘gﬂ‘%enalmgf galcdorrphga?gt os%ﬁg&ne‘ggg a tdr1 ar?gﬁg%écﬁ?&‘g%ﬁd; a
transi std Qmannen whesi sal pidsereidibets emalier than rsaid slimit.
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transistors 4 and . A collector resistor R4 of transistor (4 devel ops
an output signal V10 at an output term nafgl3a of thr(8b gfgafparator.

Qut put signal V10 is coupled to the base o? transi stor B t0. Control
‘switching operation of transistor 3. The collector of transistor B is
coupled to a | oad arrangerrent for med ABSTRACTt or s -6 - R8 and R12 and

Gate of transi stor Q. 18 Gk Ogs BPWERSHHPLY 1 U PAVERFSHIfEe | ovel
of AC mains supply voltage (V1) is produced from an AC mains
supply voltage (VM) without low-péss filtering. The unfiltered
5 rectified voltage is applied to a winding (W1) of a flyback
transformer that is coupled to a switching transistor (Q1). A first
plurality of current pulses (iP1) are generated in the winding
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 a manner to reduce a power factor.
A second supply voltage (V2) is applied via a second switching
transistor (Q2) to the winding to produce in the winding a second
plurality of current pulses (1P2) that reduce a ripple component at
an output of the power supply The second plurality of current
{ 15 pulses are pulse-width modulated in a feed-forward manner
during a period of the mains supply voltage in accordance with
the mains supply voltage. An overload threshold point is also |
shifted to a higher value remotely from the peak of the mains
voltage, in a feed-forward manner (via R1). This results in the
20 power factor being less affected by load variations.

USEFIGURE1
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signal V9, diode DI becones conductivev@sd current ipl is 5 generated.
" long as transistor 2 remains turned of 7 current I p2 is not generated. Aﬁ'
Transi stor 2 remains nonconductive as |ong as output signat.V10 of the
conparator is H'GH in a manner to turn on transi-stor ‘Q arid, .thereby, to
"~ turn off transistor @@. Each of primary current |p| ‘and signa’l V7 i ncr eases
~in an uprarrpl ng 10 manner after si gnal V9 becones HI GH. During a given
swi t ching “period of signal V& when.gignal V7 of FIGURE 2d reaches a higher
~level than aZhreshald voI..Lag;e Vllgié~ the conparator, conparator output
signal V10 of£ FI { o_g,avdg nges ‘me't he HGH to the LOWNI evel . Wen signal
ve

15 V10 atts . tg |§5or @B of FIGURE 1 is turned off and
transi stor Q 5/

f-signal V12 of FI GURE

FIG. 1
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2f . When transistor 2 becones conductlveqwdmode D6 of FIGURE 1 becones

" conductive causing diode DL to becone 20 M 9 conductive. Therefore, I nput
suppl y-vol tage V1 is decoupled fromw nding W, and voltage.- M2 iseoupfed to
winding W via transistor Q. Primary current - 1p’2 of Fle GUFE'-Zg el n«=d| eode D6
of FIGURE 1 causes current ip to continue flovm ng., W:I.hout..a gap ot teme
fromthe tine the pulse of current ipl ceases, as shown in 25 FIGURES 2g
and 2h. After a predeterm nedv'\nt eragel tﬁhW Ts~deter ¥ ned in accordance

wi th vol tage V30 by I 030 CURE-1 ghat—v9—ehange he LOW
| evel that causes signa to becorre [

diode D13 to J}-‘l?,’”?"a” |

12V

FIG. 2¢ WWW

. 24 JJJUW?[

vie, 15V

FIG. 2%
FIG. 2

® ey

FIG. 2
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RCABT 31)

30 termnal 13a between resistor R4 ancﬁie%mi stor R10. Diode D13 conduct -
when signal V9-is at the LOWIlevel. |medifdtely after signal V9 becones
LOW signal V10 of Figure 2e is forced to be LOW .bécause di ode D13 of
~ FIGURE | conducts. Therefore, transistors QL and B are turned off.

Transi stor 2 does not 35 conduct current although signal V12 at the
collector of:transistor @B is H GH because transistor QL is turned off.
Advant ageously, because of the operation of di ode D13, no current rovvs in
resistors R8 and R12 whenigli gnal VB2 i s LOW J:hb esul ting 16A7 -

-

- -~

- - - .

- Tt e =" L N

FIG. 32
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. nLAgll
reduction in power dissipation is about Zsst‘.'ﬁ'owatts at 120 watts input power.

Di odes D9 and D13 are turned off when si gl V9 becomes HI GH.and a new

cycle -begins. Primary current ip that is detecrm ned.by the super--.5"%
position of currents ipl and ip2 is shown in Fl GQURE 3a: for a<100° \Zvat't.s

" knput power. A resulting mains curreng |J\/Ig1§s 2 V\.@_veformthat i s*shéwn in

FIGURESbasasolldIlne For conp i ne
waveformin FI GURE 3b corresponds t© _ nti onal
power supply that includes a 10zl [ » the out put of
the bridge rectifier for the saﬁ'ie’-’«t I n each
hal f - peri od of voltage VM .T_he_p.ea.ks_o.f_ svaryg.___
predoni nantly i 8] S=2
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frequency. Capacitor C2 is charged Jkggﬁgsistor R13 only in the 1 5
vicinity of the peaks of mains voltagoFyM Advantageously, resistor R13
causes an increase in the conduction interval .of the diodes of bridge
rectifier 102; thereby, resistor RL13 reduces the tate of change and Peak
anpl i tude of charging current i3, as illustrated in FIGURE "3b. Thus,
20 advant ageously, high harnonics contents of current i M such as at the
. 3rd, 5th, 7th, 9th and 11th harnonics is .reduced. The peak val ue of the
pul ses of current i3 is |ow, because the energy stored in capacitor C2
supplies only a portion of primary current ip. About,_65% of the power
consunption is obtain y nea of 25 . Fﬁrent I pl d 35% | ans of
current ip2. Threshol oltage 11l contro s, the rati o between e
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pul se-wi dth of the pul se of current ipeA8ENWY that of the pulse of current:

I pl . Because of a ripple voltage cont I n voltage V30 during a given
period of full wave rectified voltage gagh of fhe 30 pu) sgfWitath of

- pul se-wi dt h nodul ated signal” V9 and the pea‘lg“of‘ Si ‘gmak °V70 i*5: apphioxidat el y
at -a maxi mum when vol tage V1 is zero -and af & fiesti bam whene voltagé Viis
at ‘a maxi mumm  To establish threshold vol tage V11 for the. conparator forned
by transi'stors Q4 and @b, si gnal V7 is coupled via a diode D12 to a 35
paral l el arrangenent of a resistor RO _and a capacitor Cl0. A voltage

devel oped in capacitor Cl O varies in @&Eord@le Wi the | ow frequency
envel ope of the peaks of signal V7; v(h‘e,;-;eas - &he cFr‘igh frequency conponent
is filtered out. The voltage in capac;gtg:rr m;— ¢,,;-

o= a: =
i } \
gz gz )88 |
zi'é'i-\é‘-‘/’gi_;;-'\
1 My Y} -
—<C
I,

—~—
~
T~
I~
INPUT POWER (W)
FIG. 6
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Cl0 is coupled via a diode DI1 to a cappadraer C9 and to a base el ectrode of

“transistor 6. Diode DIl and capacitor ®@GHperate as a mnimumlevel
detector for detecting the nlnlnun1value”EF t he envel ope" of "the peaks of

signal V7. A forward voltage in diode 5 D12 is terrperature conpengat ed by

{he opposi te forward voltage devel oped in diode D11. The envel ope of the
peaks of signal V7 varies as a function of voltage V1. Slice |evel or .
t hr eshol d vol tage V11 that is developed in capacitor C9 is determ ned by
the m ni num pul se-wi dth of signal V9 within a period of voltage VI. 1 0
Voltage V11 is applied to the noninverting input of the conparator
fornmed by transistors Q4 and QS. ' o

1000 ]
R ———+ i
: i T | !
100 \ e — —
‘ . H . H d {
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: EEteea =
) s TS ~ _PROPOSED —
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For constant |oading, the |evel of voltage V}l [ PLACIIEMgNTgSg%'@ 3
Therefwre, the pul se-width of each of the pu slgscg 1% tPsW{é"ﬁ@'
sane. \Wereas, advantageously, the 15 pul sp-gi i é@ Regzed 8.,
current ip2 varies froma naxi num when vol t] . Ja_wf%g@erR?Se‘ie7éOrﬂa§¢¢1ﬂfn
when voltage V1 is at a peak. |ncreased Ioa'- Alistiactoy +Rgged . b s paged im
each period of signal V9, an increase in the puI se-w dth of si I

Thus, 20 the m ninu | NP ATE (RO RCRENR “Z't__e.nds jo
cause an increase |n§w¥é§mgp¢m* Fge VIl TR
delay the instant, during each pwm&%en si gnal VlO becorres

LOW and, therefore when transistor 2 becones conductive. The result is
an increase in the pul se-w dth :

5 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.
Recently, an interest has evolved for -revising
10 European Standard EN60 555-2 for the purpose of reducing the
permissible low frequency harmonic content of the waveform of
the input mains supply current and increase the power factor. It
may be desirable to reduce the low frequency harmonic content of
the waveform of the input current without significantly increasing
15 a ripple voltage in the output supply voltage.

SUMMARY OF THE INVENTION
In a switch-mode power supply, embodying an aspect
of the invention, a first plurality of current pulses at high

20 frequency are produced from an input mains supply current. The
amplitude of the first plurality of current pulses varies in
accordance with a waveform of an unfiltered, full-wave-rectified
mains supply voltage in a manner to reduce distortion in the input
mains supply current. To reduce ripple component at an output of

25 the power supply that is caused by the amplitude variations of
the first plurality of current pulses, a second plurality of current
pulses are generated in, for example, an interleaving manner with
respect to the first plurality of current pulses and applied to the
output. The second plurality of current pulses are pulse-width

30 modulated in accordance a feedback signal that is indicative of a
ripple component. The unfiltered, full wave rectified mains
supply voltage produces in a feed-forward manner pulse-width
modulation of the second plurality of current pulses so as to
improve overall ripple component reduction.

35 In accordance with an aspect of the invention, the full,
unfiltered, full-wave-rectified mains supply voltage produces
variation of the upper limit of the pulse-width "of the first
plurality of current pulses during the perioci of the mains supply
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25 - of the pulse of current ipl. Since the pulse-width of signal V9 also
I necreases, a ratio between the:length of the conduction interval of .
transistor 2 and that of transistor QL tends to vary-less than if, for
exanpl e, voltage V11 were a constant voltagf Ther ef ore, advant ageously,
the ripple voltage of output voltage V4 3004rs |ess affected by | oading
variations than if voltage V11 were constant. It follows that the ratio

content of corPaBe; i oe” RbAfRRAT  Toang ™ hﬁ?i“ﬁvﬁe& IR g
At a predeterpul&ydmdth eissdargeradidugingnai postion: ef Fhe (pesio aWhGnoflhe
o Lo ur PR My AT b Vot el R
as a short ci ¥t 1qsn LY darbhus, increase regulatlon range is obtained
S without exceeding the allowed stress in components of the power
supply relative to a situation in which the upper limit to the
pulse-width is the same throughout the period of the mains
supply voltage.
A switch mode power supply, embodymg an aspect of
10 the invention, includes a source of an AC, mains supply voltage, an
inductance and a first rectifier coupled to the mains source for
rectifying the mains supply voltage to apply to the inductance a
rectified, first supply voltage. Pulse-width modulated current
‘pulses are generated in the inductance from the first supply
15 voltage at a frequency that is substantially higher than a
frequency of the mains supply voltage. The current pulses are
coupled from the inductance to a load circuit to energize the load
circuit. A pulse-width modulator is responsive to a feedback
signal for generating the switching signal in accordance with the
20 feedback signal. A pulse-width of the switching signal is limited
such that a limit associated with the pulse-width varies during a
period of the mains supply voltage in accordance with a waveform
of the mains supply voltage.

25 - " BRIEF DESCRIPTION OF THE DRAWINGS
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 1;
30 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-Se illustrate waveforms useful for
35 explaining the opération of the arrangement of FIGURE 4;
FIGURE 6 illustrates a graph providing the input power
factor in the arrangement of FIGURE 4; and

This is the replacement sheet

Date: 1 3 MAR '991



side, results in a burst node operation in I C 103. -9 - In each cycle of
signal V9, when signal V9 of FIGURE 2c attains the H GH | evel, capacitor C6
of FIGURE | at pin 2 of 1C 103 is charged by a current that is equal to a
sum of a constant current i2, developed via a resistor R2 fromvol tage V2,
and a 5 current il, having a full wave rect3fied sinusoid waveform

devel oped via a resistor RL fromvoltage V1. Wen si gnal V9 of FIGURE 2c is

at the LOWIevel, voltage V F E 2b is clanped t
determined by 1C 103 of Fﬂﬁﬁgﬁ ]7\5\;#5 Stﬁ'&ﬁaP %ggﬁ prowdmg the ?larmqmcs
content of the input current in the arrangement of FIGURE 4.

5 FIGURE 1 tllustrates an SMPS 100, embodying an
aspect of the invention, that utilizes a technique, referred to
herein as current super-position technique. SMPS 100 of FIGURE
1 is suitable for providing, for example, 120 watts power. A
mains supply voltage source 107 that produces an AC voltage VM

10 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 C1. AC voltage VM of source 107 is sinusoidal at,-
for example, a line frequency of 50 Hz. Because of the small
capacitance of capacitor Cl, low frequency harmonics of voltage

15 V1 are not filtered out by capacitor C1. Voltage VI, having a
waveform of an unfiltered, full wave rectified sinusoidal voltage,
is coupled via a switching diode DI to an end termmal W2a of a
primary winding W1 of a flyback transformer T.

A switching signal V9, having a controllable frequency

20 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 Q1
only when signal V9 is at a HIGH level or 12 volts. The drain
electrode of transistor Q1 is coupled to the other end terminal of
winding W1. Signal V9 is developed at an output terminal of an

25 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. ,

In a given cycle of signal V9, after signal V9 attains
the HIGH level, a pulse current ipl flows through diode D1. An

30 = upramping current ip that is equal to current 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
level, transistor QI becomes non-conductive and a flyback
operation occurs. The result is that flyback pulse currents are

35 produced in secondary windings W2, W3, W4 and W5 of
transformer T. The drain voltage of transistor Q1 is limited,
during flyback, by means of a snubber circuit, not shown.
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of FIGURE 2c attains the HHGH | evel, capacitor C6 of FIGURE | 10 devel ops
ranpi ng voltage V6, as shown in FI GURE 2b. Because capacitor C6 is charged
by neans of current il fromfull wave rectified voltage V1, current il has
a simlar waveformas that of voltage VI. In IC 103, voltage V6 is coupled
to an input of an over-load conparator 103d4 When, under over-| oad
condition, 15 voltage V6 is suff|C|entIy | arge to trlgger conpar at or 103d,

a HG+to-LOWtransition occurs nqgﬂ g V9. Thus tage, V6 det erm nes
the maxi mum pul se-wi dt h A¥ &irgauit ¥ 4cls:aﬁur5@tpw&ﬁ§eosq9 Hdas 3 Heurrent

over -l oad congulseris4 lia fwiih @n\% W4 chat t &g pfoddeedr fioms pulesmip] DO
power that cai beuPr QUbBR’ Pbiages W3 l0Va, VETdnd "8 hre pAdHIREY i
capacitors C3,. C4 C5 and C8 via rectifying diodes D3, D4, D5 and
S D8, respectively. Voltage V4 energizes, for example, a horizontal
deflection output stage 37 and voltage V35 energizes, for example,
an audio stage of a television receiver. |
Transformer T isolates, with respect to electrical shock
~ hazard, source 107 and a "hot" ground conductor, H, from a "cold"
10 ground conductor G. Voltages V3 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
indicative of, for example, voltage V4 is produced in a circuit 30
15 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.
- Voltage V30 is compared in IC 103 with a reference voltage 103a.
20 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
levels of output voltages V4 and VS5, |
25 Voltage V1 is also coupled via a series arrangement of
a resistor R13 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 proportional to the peak voltage of
voltage V1. Voltage V2 is coupled via an MOS switching transistor
30 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.
o DC voltage V8 developed, during flyback, via winding
W2 is larger by about 15V than voltage V2. Voltage V8 is coupled
35 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 tramsistor Q2 is turned
off. By being larger than voltage V2, voltage V8 is sufficient to
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change or peak |evel of voltage V6 varies during the period of voltage V1
such that when voltage V1 is at a mninum the upper limt of the

pul se-wi dt h of signal V9, before an over-load 25 condition occurs, is

| arger ‘than when voltage VI is at a maxi num_¢ln this way, for a given upper
limt of the pulse wdth of signal V9, occur?ing at the peak of ‘voltage V1,
an even |arger pulse- wwdth of the pulse of signal V9 and, therefore, a -

larger regul atitgpnr w_eMosottFﬁiﬁ%rr Rt e fAOprbtwnﬁﬁkdmdefomaQ@oaﬂled30
In 1C 103, voltage V6 is coupled to an,i nput, of stqp conparator 103c.
nor mal oper at i é???“ﬁ?&ﬂté & %ﬁrqen "’iﬁ‘ifi’?ﬂﬁngﬂa 814 fectro GZnFPBFE“?‘heb%
pul se-wi dt h of linissalgat@soilite voltage iexcuisionyhef transiswe Q2.is at its
peak, voltage V6 causes t | ' i gn 9 I 1.el.
Sfgrdt' W 8 FIGORE' 1"UsoOcbRirBfs B! 'sWitdial

when voltage V1 is smaller . )
5 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
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

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

15 FIGURES 2a-2h illustrate waveforms wuseful for
explaining the operation of the circuit of FIGURE 1. Similar
symbols and numerals in FIGURES 1 and 2a-2h indicate similar
items or functions. : o

: The pulse width of signal V9 of FIGURE 1 determines

20 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
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

25 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
period of signal V7 and that of voltage V1 of FIGURE 2a is

| exaggerated for better clarity. '

30 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 RS produces emitter currents in
transistors Q4 and Q5. A collector resistor R4 of transistor Q4
develops an output signal V10 at an output terminal 13a of the

35 comparator. .

| Output signal V10 is coupled to the base of transistor
Q3 to control switching operation of transistor Q3. The collector of
transistor Q3 is coupled to a load arrangement formed by resistors
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35 than the peak. The pul se-width of signal V9 is nodulated in a feed-
forward nmanner via voltage V6. Thus, each of sense voltage V30 and the
fed-forward voltage contributes to the extent of pulse- This is the

repl acenent sheet -10- wi dth nodul ation Sf signal V9. Advantageously,
the feed-forward manner results in a furthél Teduction of the ripple

vol tage in output voltages V4, V5, V8 and V3. Wien SMPS 100 is used in a

television reqegvghd R12 and energized by supply voitage V8 to develop a
switching signal V12 at the gate of transistor Q2.

Immediately after the transition to the HIGH leével of
signal V9, diode D1 becomes conductive and current ipl is

5 generated. As long as transistor Q2 remains turned off, current
ip2 is not generated. Transistor Q2 remains nonconductive as long
as output signal V10 of the comparator is HIGH in a manner to
turn on transistor Q3 and, thereby, to turn off tramsistor Q2. Each
of primary current ipl and signal V7 increases in an upramping

10 manner after signal V9 becomes HIGH.

During a given switching period of signal V9, when
signal V7 of FIGURE 2d reaches a higher level than a threshold
voltage V11 of the comparator, comparator output signal V10 of
FIGURE 2¢ changes from the HIGH to the LOW level. When signal

15 VIO 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
2f,

When transistor Q2 becomes conductive, diode D6 of
FIGURE 1 becomes conductive causing diode D1 to become '

20 nonconductive. Therefore, input supply voltage V1 is decoupled
from winding W1 and voltage V2 is coupled to winding W1 via
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

25 FIGURES 2g and 2h. |

' After a predetermined interval that is determined in
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 cohpled via a diode D13 to junction

30 terminal 13a between resistor R4 and resistor R10. Diode D13
conduct when signal V9 is at the LOW level. Immediately after
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

35 conduct current although signal V12 at the collector of transistor
Q3 is HIGH because transistor Q1 is turned off. Advantageously,
because of the operation of diode D13, no current flows in
resistors R8 and R12 when signal V9 is LOW. The resulting
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5 signal OV OFF determ nes when the television receiver is required to
operate’ in a standby node of operation and when in nornal operation node.
The magni tudes of the |oad coupled to WI ndi ng Wi and energi zed by SMPS 100
is determ ned by on/off control signal f that is produced in, for
exanple, a mcroprocessor, 10 not shown Signal ONVOFF is referenced to
the cold ground conductor G Detection of the. standby node of operation,

t ted b F b h d
niof T cont o FAliHid i poy Fﬁaiiﬁﬁfﬁ“ﬁ s ""?@ﬁ%ﬁ%?ﬁﬁ%‘* i, 305 Wfsthe
st andby node om ePQ\Meén Dmd%‘a Ptk Qil tRE“'It&EM wchemo signali ¥
and Wb is subsbéstmes Im@nahhgratm ¢y’¢1305¢ghsoperat I on. Because of

decreased | oad an 'ncreaﬁe‘n'urfrys current ip that is determined by the super-
5 position of currents ipl and ip2 is shown in FIGURE 3a for a 100
watts input power. A resulting mains current iM has a waveform
that is shown 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
10 large filter capacitance at the output of the bridge rectifier for the
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

15 vicinity of the peaks of mains voltage VM.

Advantageously, 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,

20 advaﬁtageously, high harmonics contents of current iM such as at
the 3rd, S5th, 7th, 9th and 1lth 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

25 current ipl and 35% by means of current 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 RO and a capacitor C10. A
voltage developed in capacitor C10 varies in accordance with the
low frequency enveldpe of the peaks of signal V7; whereas, the
high frequency component is filtered out. The voltage in capacitor
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vol tage V30 tends to occur in the standby node. Therefore, | C 103 decreases
t he pul'se-width of signal V9. Al so, the frequency 20 of signal V9

i ncreases to the resonance frequency of flyback transformer T, around 100
KHz. Detector 31 is responsive to the pulses in winding WB that are

determ ned by signal V9 and detects the nmagi@+ude of the |oads coupled to
w ndings W and Wb in accordance with the 25 freqguency of thé pulses in

wi nding WB. The pulses in winding WB are coupled, in detector 31, via a | ow

pass filter tHal0iis fonupled byiaa ar diode oD132tanal capagitar (7 @8l tooaabase

e et o DEBE Bt pRsgE DHL A AT Ol

the pul ses in @omigimum,Jeygl detector for detecting the minimum value ‘of the

envelope of the peaks of signal V7. A forward voltage in diode

5 D12 is temperature compensated by the opposite forward voltage

developed in diode D11. 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 voltage V1.

10 Voltage V11 is applied to the noninverting input of the
comparator formed by transistors Q4 and QS.

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 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 Vi1
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 tramsistor Q2 and that of tramsistor 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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In the standby node of operation, w nding WB supplies an al nost si nusoi dal
vol'tage at 100 KHz. This voltage is attenuated by the |l ow pass filter
formed by resistor 32 and capacitor 33. Therefore, the voltage in
capacitor 35 becones 3.5 insufficiently small to turn-on an out put

transi stor 36 of detector 31. The result i s-%hat signal® V13 is at the HGH
| evel. On the other hand, in the nornmal node of operation, the frequency is

U T LSO 30 U A e 045 SR ERBA Y o, BB
signal V13 ref Qceansihst theh#HIIGH olevel,Hcapaitor C6 of FIGURE 1 at pin 2 of IC '
103 is charged 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 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_-loaid condition. It follows that voltage
V6 determines the maximum power that can be provided by

20 SMPS 100. ' '

In carrying out an inventive feature, 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

25 condition occurs, is larger than when voltage V1 is at a maximum.
In this way, for a given upper limit of the pulse width of signal
V9, occurring at the peak of voltage VI, 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.

The pulse-width of signal V9 is modulated in a feed-
forward manner via voltage V6. Thus, each of sense voltage V30
and the fed-forward voltage contributes to the extent of pulse-

This is the replacement sheet

pato: 13 MAR 1997



I's indicative of standby/normal node of operation. Signal V13 is coupled
via a diode D14 to the base of 5 transi stor (@@. Si gnal V13 causes
transi stor B to conduct regardless of the |evel of signal V9. Ther ef or e,
transistor 2 is turned off, during standby, and current ip2 is zero. 1In
this case, DC current flows through resist-di®- R8 and R12 and via transistor
@B to ground. Resistor R12 that is a positive tenperature 1 0

coefficient resistor heats and increases considerably in value. Thus, the
| osses in resridty modulation ofcvignatr¥9sedAdyaniagpoustyighe teerntorvardal |

tci rCUijt g}ssgaﬁm@? itr%sgttist RAr a rﬁﬂﬁ&dtmﬁﬁ\tﬁﬂnﬁgétﬂp itv%lﬁalgéawﬁ

Firotly, ot andBPUtBolaBeReYdesy S Y8 amEalt fom 14 vt to 10 waits.

Secondly, during StandbyWhen SMPS 100 is used in a television receiver, a

5 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

W4 and energized by SMPS 100 is determined by on/off control

signal ON/OFF, that is produced in, for example, a microprocessor,

10 not shown. Signal ON/OFF is referenced to the cold ground
conductor G. _

Detection of the standby mode of operation, activated
by signal ON/OFF, is performed by a detector 31 that produces an
on/off control signal V13 referenced to hot ground conductor H.

15 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
voltage V30 tends to occur in the standby mode. Therefore, IC
103 decreases the pulse-width of signal V9. Also, the frequency

20 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
that are determined by signal V9 and detects the magnitude of
the loads coupled to windings W4 and W5 in accordance with the

25 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

34 produces in a capacitor 35 a DC voltage representative of the
length of the interval between transition edges of the pulses in

30 winding W3. '

In the standby mode of operation, winding W3
supplies an almost sinusoidal voltage at 100 KHz. This voltage is
attenuated by the low pass filter formed by resistor 32 and
capacitor 33. Therefore, the voltage in capacitor 35 becomes

35 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
lower and transistor 36 is maintained continuously conductive
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t he harnonics are significantly reduced because there is only current ipl
current " conponent. During the standby node of operati-on, voltages V3, V4
and V5 are also regulated. However, because of | eakage 20 i nductance,
the ratio between sense voltage V30 and out put voltage V4 is such that
voltage V4 tends to be larger, in standby, tlhbn in normal node of
operation. Such increase in voltage V4 that energi zes output stage 37 nmay

Onv of 1 controf aBfigAENMI 1¥ 135 itoabl U VEOW devehe: ik ety offequency

resistor 38 andegectopddl3pradudese sigdle Vidutefersnvedalto hot ground IIC @fxe
Lor, Lot eas: 04 s e “AiGbYRora Yo of ogbrifo] 1 {1 Ay

Signal V13 is coupled via a diode D14 to the base of

S transistor Q3. Signal V13 causes transistor Q3 to conduct

regardless of the level of signal V9.  Therefore, transistor Q2 is

turned off, during standby, and current ip2 is zero. In this case,

DC current flows through resistors R8 and R12 and via transistor

Q3 to ground. Resistor R12 that is a positive temperature

10 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

because transistor Q2 is always turned off, during standby. Using

this technique has two ad\;antages. Firstly, standby input power

15 is reduced from 14 watts to 10 watts. Secondly, during Standby,
the harmonics are significantly reduced because there is only
current ipl current component. |

During the standby mode of operation, voltages V3, V4
and V5 are also regulated. However, because of leakage

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

25 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 I, of IC 103 for increasing the level of sense voltage
V30. As a result, the duty cycle of signal V9 decreases.
Consequently, advantageously, voltage V4 is decreased relative to

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

35 FIGURE 4 illustrates a second embodiment of the
invention that is similar to that of FIGURE 1 with the differences
noted below. FIGURES 5a-5¢ illustrate waveforms useful for
explaining the operation the circuit of FIGURE 4. Similar symbols
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Consequent |y, advant ageousl'y, voltage V4 is decreased relative to 30 what
I t- woul-d have been without the effect of the signal that is coupled via

di ode 39. For exanple, the value of circuit conponents can be selected in
such a way that voltage V4 becones, in standby, even snaller than in nornal
node of operation. 3 5 - FIGURE -42-llustrates a second

enmbodi nrent of the invention that is simlar to that of FIGURE | with the

di fferences noted below. FlIGQJRES 5a-5e illustrate waveforns useful for

expl ai ni ng t heanzbenwmiesalst ie FIGURESofl,FRacklE Ba-3cni4 aand ydadies indicate

similar items or functions except that the symbol prime (') is
added in FIGURE 4 for the corresponding element. In SMPS 100" -
of FIGURE 4, transistor Q2' is a bipolar transistor. The base

5 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 Q5' 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

10 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.

15 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

20 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,

25 - 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’

30 that is coupled to the base of transistor QS' clamps the base
voltage of transistor Q5' to 4 volts. Thus, the base voltage of
transistor Q5' 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,

35 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
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-1 2- and nunerals in FIGURES 1, 2a-2h, 3a-3c, 4 and 5a-5e indicate simlar
items. or functions except that the synbol prinme (') is added in FIGURE 4
for the corresponding elenment. In SMPS 100" of FIGURE 4, transistor Q' is
a bipolar transistor. The base 5 current for transistor Q' is supplied
via a half-wave rectifier diode D8 and a base resistor R8'. Signal V10' is
derived fromthe collector of transistor @&l3and coupled to t he base of
transistor B via an inverter stage forned by a transistor Q'. The

CEhmer ety o Peflot 8’ e St oAb Wheh " g bciinst.
relatively | aThereforest advantagevunstyagddoeispywebedissipationsi itt oresistor nR3be
large, the cirgyht pkS mddfe® 196 thaif 110 che! ElaAiping 'dpekdifon SYf! diode 200"
were not employed.  Advantageously, the duty cycle upper
5 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
10 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
15 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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of signal V9' when signal V9' is at the LOVMIevel and transistor B is
required to be turned off. 1 5 * Increased | oadi ng causes a

| arger voltage drop across resistor R13'. Therefore, the base voltage of
transistor @' al so decreases when transistgor ' is turned on.

Advant ageously, the base current al so i ncr bdses because of the decrease in

t'he base vol t age. The increase in the base current is desirable for 20
mai ntai ning transistor ' in saturati

m‘?i ts collector current
i ncreases. Signal V13" is coupled to PR of transistor Q' to turn on
transistor Q' in the standbyswiidk. madenpewenosupply; comprisingtti on occurs

et B orcat 001, Shoun g SinlPl 1099 GERFACY AL sfbly VRIGRECVADY o 1
vol t age an inductance (W1); _
5 a first rectifier (102) coupled to said mains source for
rectifying said mains supply voltage to apply to said inductance a
rectified, first supply voltage (V1);
_ switching mt_',ans (Q1) responsive to a-switching signal
(V9) for generating in said inductanceé pulse-width modulated
10 current pulses (iP) from said first supply voltagé at a frequency
(20 KHz) that is substantially higher than a frequency (50 Hz) of
said mains supply voltage, said current pulses being coupled from
said inductance to a load circuit (37) to energize said load circuit;
a pulse-width modulator (103) responsive to a
15 feedback signal (V30) for generating said switching signal in
accordance with said feedback signal; and characterized by
means (103d) coupled to said pulse-width modulator
and responsive to said mains supply voltage for limiting a pulse-
width of said switching signal such that a limit associated with
20 said pulse-width varies during a period of said mains supply
voltage in accordance with a waveform (V1) of said mains supply
voltage. |

2. 'A power supply according to Claim 1 characterized

25 in that said main supply voltage (VM) is coupled to said pulse-

width limiting means via a signal path (R1) that-bypasses said
inductance (W1) in a feed forward manner for varying _said limit.

3. A power supply according to Claim 1 characterized
30 in that, during said period (20 msec), an increase in a magnitude
of said mains supply voltage (VM) causes said limit associated
with a pulse width of a given current pulse of said current pulses

to decrease, and vice verse.

35 4, A power supply according to Claim l.characterized_
in that said limit shifts to a higher value remotely from a peak of
said main supply voltage (VM). '

N
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V30' that tends to decrease the duty cycle of signal V9' so as to provide
short circuit protection. Wien | oadi ng of the power: supply becones snaller
than a predeterm ned value, for exanple, 80 watts, a diode 200° 3 0 t hat
is coupled to the base of transistor @' clanps the base voltage of
transistor &' to 4 volts. Thus, the base_.ygdlage of transistor Q' cannot
decrease below that level. Therefore, diode 200" - establishes a maxi num

val ue for the conduction interval or maxi num duty cycle of transistor @'

at low loading. Thus,: 5 5 Aagowdragapp mccbhhn@owrCiaiMOt c¢hazactesized

docr eases. - by thr offts 84} % Jpise g %Sﬁﬁﬁmﬁﬁt (1098, 1°3EspPuptle ' said
t he val ue -of rmamt supplp’ voltager (VMBI forr modulating saideswvitghingitsignsklin of
accordance with said main supply voltage in a feed-forward

5 manner when said pulse width is smaller than said limit.

* [ L M S *
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-1 3- transistor @' could further increase when the | oad decreases.
Therefore, advantageously, the power dissipation in resistor R13" can be
made | ower than if the clanpi ng operation of diode, 200" were not enployed.
Advant ageously, the duty cycle wupper 5 limtation of transistor @'
does not cause an increase in a ripple yo&%age 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 fanmly
of graphs shows the variation of

SWITCH MODE POWER SUPPLY WITH FEED FORWARD
PULSE LIMIT CONTROL

- ABSTRACT .
In a switch mode power supply, a full wave rectified
AC mains supply voltage (V1) is produced from an AC mains
supply voltage (VM) without low-pass filtering. The unfiltered
5 rectified voltage is applied to a winding (W1) of a flyback
transformer that is coupled to a switching transistor (Q1). A first
plurality of current pulses (iP1) are generated in the winding
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 a manner to- reduce a power factor.
A second supply voltage (V2) is applied via a second switching
transistor (Q2) to the winding to produce in the winding a.second
plurality of current pulses (iP2) that reduce a npple component at
an output of the power supply The second plurahty of current
15 pulses are pulse-width modulated in a feed-forward manner
during a period of the mains supply voltage in accordance with
the mains supply voltage. An overload threshold point is also
shifted to a higher value remotely from the peak of the mains
voltage, in a feed-forward manner (via R1). This results in the
20 power factor being less affected by load variations.

“FIGURE 1
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1 0 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
[err] at an input power of 100W . for different values of resistor R13' is
al so provided. In FIGURE 7, a fam |y of graphs-shows the harnonics 1 5
contents of input current IM of FI GURE 4 1mren -resi stor R13' is equal to 22
OChm and when it is equal to 100 Chim For conparison purposes, the maxi mum
al | oned har goni cs’?;content |g~ what |u§ believed to be the proposed standard

is also sho%1 4 S 88
— e
>
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CLAIMS 1. A switch node power supply, conprising: a source (107) of an AC,
mai ns supply vol tage (VM ; an inductance (W); 5 a first
rectifier (102) coupled to said rmains source for rectifying said mains
supply voltage to apply to said inductance a rectified, first supply
voltage (V1); switching means (Ql) resppipive to a switching signal (V9)
for generating in said inductance pul se-w dth nodul ated 10 current pul ses
(i.P) from said first supply voltage at a frequency (20 KHz) that.is
substantially higher than a frequency (50 Hz) of said nmains supply voltage,

said current pul ses being coupl ed om sapd-Lnduct etoaload circuit
(37) to energize said | oad ciYXui tZTQ(;V\- —= /61{2{3 _

T —

FiG. 2a

il 28V V6 1V .

FIG. 26  NAAANANNAANXAAAAANAA

Vi~ . 12V\'

FG.2¢ TLALLILLAAANMI AL ML
| _ | 6.3v & V7 | ﬂL
FIG. 20 ] L

vio, 15V
FIG.2e nnnnnnnnnniuiiiniinn.

vi2 305V

FIG. 2f
. ip2
>~ FlG. 2g -

FIG. 2h
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a pulse-wi dth nodul ator (103) responsive to a 15 feedback signal (V30) for
generat-ing said switching signal in accordance with said feedback signal;
and characterized by neans (103d) coupled to said pul se-wi dth nodul at or and
.responsive to said mains supply voltage for linmiting a pulse- width of said
swtching signal such that a limt associated with 20 said pul se-width
varies during a period of said mains supply voltage in accordance with a
wavef orm (V1) of said mains supply voltay&l 2. A power supply according to
Claim1 characterized 25 in that said main supply voltage (VM is coupled
to said pulse- width limting rrearn?%aw a a si gn?z@path (R1) that bypasses
said i nductance (W) in aiffleed fo rd manney~ varying ggad limt.

-
-
..........
---------------------

FIG. 3a

FIG. 3b |

MAX

FIg.3c
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3. A power supply according to Claim1 characterized 30 in that, during
said period (20 nsec), an increase in a magnitude of said mains supply
voltage (VM causes said limt associated with a pulse width of a given
. current pulse of said current pul ses to decrease, and vice verse. 35

4. A power supply according to Caim1 characterized in that said limt

shifts.to a higher value renotely frogp/q peak of said main supply voltage
(VM. This is the replacenent sheet -15 - .
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5. A power supply according to Claim 1 characterized in that said
pulse-wi dt h nodul ator (103) is responsive to said main supply voltage (VM
for nmodul ating said switching signal in accordance with said main supply-
voltage in a feed-forward 5 - nmanner when said pulse width is snaller than
said limt. : - '
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