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in the output supply voltage. A switch mode power supply, embodying a fur-
The invention relates to a switch mode power  ther aspect of the invention,
includes a source of an supply (SMPS). In particular, the invention relates
to  AC, mains supply voltage, an inductance and a first a SMPS that derives
a rectified Input supply voltage   5   switching arrangement coupled to the
mains source from an AC, mains supply voltage to produce an out-  and
responsive to a switching signal. A first plurality put supply voltage.
of current pulses are generated in the inductance at Typically, such SMPS
employs a full wave recti-  a frequency that is substantially higher than
that of fier bridge that rectifies a sinusoldal mains supplyvol-  the mains
supply voltage. During a first portion of a tage and charges an input
filter capacitor to produce  10  given period remote from a peak of the
mains supply the rectified input supply voltage. The filter capacitor
voltage, when the mains supply voltage decreases, has a sufficiently large
value for reducing, in the input  the decrease causes a concurrent decrease
in ampli- supply voltage, the magnitude of a ripple at the fun-  tudes of
the first plurality of current pulses and in a damental frequency and at
the harmonics of the   level of a mains supply current supplied from the
mains supply voltage. In this way, ripple voltage is  15  mains source.
Second switching arrangement is cou- prevented from occurring in the output
supply vol-  pled to the inductance for generating a second plur- tage.
ality of current pulses in the inductanceatafrequency The filter capacitor
draws narrow pulses of input  that is substantially higher than that of the
mains sup- current having a high peak value from the mains sup-  ply
voltage. The second plurality of current pulses are ply voltage source. The
current pulses occur only at  20  generated at least during the first
portion of the given the peaks of the sinusoidal mains supply voltage.
period of the mains supply voltage. An output supply Therefore, the
waveform of the input current contains  voltage and an output supply
current are generated in undesirable low frequency harmonics of the mains
a load circuit from the first and second pluralities of supply voltage
frequency. The result is an undesir-  current pulses. able decrease in the
power factor to about 0.65 and   25  It is known from JP-A 58 141 680, to
eleminate an undesirable increase in distortions of the wave-  the
inputfilter capacitor of aswitching regulator in or- form of the mains
supply voltage. Recently, an inter-  der to improve its powerfactor. Such
an arrangement est has evolved for revising European Standard EN60  as
shown in either figure 2 or figure 6 of said refer- 555-2 for the purpose
of reducing the permissible low  ence uses the charge on a load capacitor
to supply frequency harmonic contentofthe waveform ofthe in-  30  current
tothe switching regulatorduring those periods put current. It may be
desirable to reduce the low fre-  ot the mains cycle when the voltage is
too low. quency harmonic content of the waveform of the input  FIGURE 1
illustrates an SMPS, embodying an current without significantly increasing
a ripple vol-  aspect of the invention, that utilizes a current in- tage In
the output supply voltage.                   terleaving technique; In an
SMPS, embodying an aspect of the inven-  35  FIGURES 2a-2k illustrate
waveforms useful for tion, an AC mains supply voltage produced In a mains
explaining the operation of the SMPS of FIGURE supply voltage source is
rectified to form a rectified  1; mains supply voltage. The rectification
operation oc-  FIGURES 3a and 3b illustrate additional wave- curs without
low-pass filtering with respect to low fre-  forms useful for explaining
the operation of the quency voltage components. A winding of a flyback  40
SMPS of FIGURE 1; transformer is coupled to the rectified, mains supply
FIGURE 4 illustrates an SMPS, embodying an- voltage, and to a switching
transistor. Pulses of cur-  other aspect of the invention,that utilizes a
cur- rent at high frequency that are produced in the trans-  rent
superposition technique; former by switching operation of the transistor
pro-  FIGURES 5a-5f illustrate waveforms useful for duce an
outputsupplyvoltage that isapplied toa load.  45  explaining the operation
of the SMPS of FIGURE The peak amplitudes of the current pulses have an
4; envelope that is similarto a waveform of the rectified  FIGURES 6a and
6b illustrate additional wave- voltage. Consequently, a ratio between the
mains    forms for the SMPS of FIGURE 4; supply voltage and a mains supply
current remains    FIGURE 7 Illustrates an SMPS, embodying a fur- constant,
during at least a substantial portion of the  50  ther aspect of the
invention; and mains supply voltage. Pulses of current that are pro-
FIGURES 8a and 8b are waveforms useful for ex- duced in the transformer are
stored in a capacitor.  plaining the operation of the SMPS of FIGURE 7.
Pulses of current are produced from the stored       FIGURE 1 illustrates
an SMPS 100, embodying charge in the capacitor and re-circulated through
the  an aspect of the invention, that utilizes a technique, transformer in
subsequent cycles, during a portion of  55  referred to herein as current
interleaving technique. A the period of the mains supply voltage when the
mains supply voltage source 107 that produced an AC mains supply voltage is
low. The re-circulated current  voltage VM is coupled to a full-wave bridge
rectifier is applied to the load so as to reduce a ripple voltage  102 that
produces an ACfull-wave rectified input sup- 2  
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relatively small filter capacitor C1.  voltage. The error voltage is used
to control, in a con- AC voltage VM of source 107 Is sinusoidal at, for ex-
ventional manner, a pulse-width or duty cycle of sig- ample, a frequency of
50 Hz. Because ofthe small ca-  nal V0 to regulate the levels of
outputvoltages V2 and pacitance of capacitor C1, voltage VM is rectified
VS. When signal VO Is HIGH, transistor Q1 is conduc- without significant
low-pass filtering with respect to   5   tive, and a pulse of a current ip1
flows via diode D1 the frequency of voltage VM. Therefore, low frequen-  to
provide current ip in winding WI. cy harmonics of voltage V1 are not
filtered out Vol-  A ratio between the peak amplitudes of the puls- tage
VI, that Is a fullwave rectified voltage, is coupled  es of current ip1 and
between the instantaneous val- via a switching diode D1 to a primary
winding W1 of  ue of voltage VM or of full-wave rectified voltage V1 a
flyback transformer T.                      10  is maintained constant
throughout the period of vol- A switching signal V0, having a controllable
duty  tage VM or V1. Since voltage V1 has a full-wave rec- cycle, is
coupled via an "OR" gate 113 to produce a  tified sinusoidal waveform, the
peaks or envelope of switching signal V16. Signal V16 is coupled via a con-
current ip1 also varies in full-wave rectified sinusoi- ventional driver
stage 103 to a base of a switching  dal manner. Consequently, an AC current
iM that is transistor Q1 to turn on transistor Q1 only when sig-  15
supplied from source 107 varies, advantageously, in nal V0 is at a HIGH
level. The frequency of signal V0  a sinusoidal manner at the frequency and
phase of is selected to be within a range of 20-50 KHz, as de-  voltage VM,
and with relatively small amount of low termined by an oscillator, not
shown, of a control cir-  order harmonics distortion. cuit 101.
The amplitudes of the pulses of current ip1 sig- In a given cycle of signal
V0, after signal V0 at-  20  nificantly decrease, during a given period of
voltage tains the HIGH level, magnetic energy is stored in  V1, when
voltage V1 decreases. Therefore, had only transformer T and an upramping
current ip1 or ip is  current ip1 been produced in winding W1, voltage V2
produced in winding W1. In such given cycle, Imme-  would tend to have a
significant ripple voltage. It may diately after signal V0 becomes LOW,
transistor Q1  be desirable to reduce the ripple voltage. becomes
non-conductive and a flyback operation oc-  25  FIGURES 2a-2k illustrate
waveforms useful for curs to produce a flyback pulse current is1 in a given
explaining the operation of SMPS 100 of FIGURE 1. secondarywinding
oftransformer T. The collectorvol-  Similar symbols and numerals in FIGURES
1 and 2a- tage of transistor Q1 is limited by means of a snubber  2k
indicate similaritems orfunctions. Thefalling edge circuit that Includes a
capacitor CB, a resistor R6 and  of signal V0 of FIGURE 2b triggers a
monostable mul- a diode D8.                                  30
tivibrator(MMV) 104 of FIGURE 1 that produces asig- As a result of flyback
current pulses is 1 that are  nal V14 at a LOW level with a predetermined
pulse produced from pulses ip1, an output supply voltage  width. Signal V14
is coupled to a base of a switching V2 and an output supply voltage V6 are
produced in  transistor Q4 via a pulse shaping parallel arrange- capacitors
C2 and C6. Voltages V2 and V6 are pro-  ment of a resistor R5 and a
capacitor C7. As a result duced by rectifying, in diodes D2 and D6, flyback
35  of the falling edge of signal VO, signal V14ofMMV 104 pulse voltages of
secondary windings W2 and W6, re-  attains the LOW level and transistor Q4
becomes spectively, of transformer T when transistor Q1 be-  nonconductive.
The collector of transistor Q4 is cou- comes nonconductive. Voltages V2 and
V6 may be     pled to a base of a series pass switching transistorQ2 used
for energizing loads such as a horizontal output  to control the switching
operation of transistor Q2. stage and an audio stage, respectively, of a
television   40  Transistor Q2 is switched on by a drive current receiver,
not shown.                              that is supplied via an arrangement
formed by a tran- Transformer T may be used for isolating, with re-  sistor
Q3 and resistors R1, R2, R3 and R4. Transis- spect to electrical shock
hazard, source 107 and a  tors Q3 and Q2 are turned on when transistor Q4
be- "hot" ground conductor, H, from a "cold" ground con-  comes
nonconductive, Immediately following the fall- ductor G. Secondary windings
W3, W4 and W5 pro-  45  ing edge of signal VO. Forward-biased transistor 02
duce flyback pulse voltages that are rectified by di-  couples DC voltage
V4 to an anode of a switching di- odes D3, D4 and D5to produce DC,
rectified voltages  ode D7 having a cathode that is coupled to a junction
V3, V4 and V5 with low ripple in filter capacitors C3,  terminal Ta,
between a cathode of diode D1 and wind- C4 and C5, respectively. Voltages
V3, V4 and V5 are  ingWI.Aslong astransistorQ1 is nonconductive,fol-
referenced to hot ground conductor H. Whereas, vol-  50  lowing the falling
edge of signal V0, no current is sup- tages V2 and V6 are referenced to
cold ground con-  plied to winding W1 via diode D7 and transistor Q2.
ductor G.                                             The falling edge of
signal V0 of FIGURE 2b also DC sense voltage V3 that Is Indicative of
voltages  triggers a sawtooth generator, not shown, in stage V2 and V6 is
applied to a differential amplifier, not  105 that produces a sawtooth
signal V13 of FIGURE shown, of a regulator control stage 105 of circuit
101.  55   2e. Sawtooth signal V13 is compared in a comparator Voltage V3
is compared with a reference voltage, not  COMP2 with a controllable
slicing voltage VIO. Vol- shown. An errorvoltage, not shown, is produced
from  tage V10 has a level that is shown as a broken line in a difference
between voltage V3 and the reference  FIGURE 2e. For a given cycle of
voltage VM or V1 of 
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voltage V10 is constant. Immediately after  period of voltage V1.
Therefore, signal V11 attains the the falling edge of signal V0, when
signal V13 is small-  HIGH level and signal V7 attains the LOW level at the
er than voltage VI 0, an output signal V11 of compar-  same time, with
respect to signal VO, in each cycle ator COMP2 is at a LOW level. Signal
V11 Is applied  throughout the period voltage V1. Thus, the pulse- to a
reset input of a flip-flop (F-F) 106. F-F 1 06 is not   5   width of signal
V7 is modulated or varies during the affected by signal V11, as long as
signal V11 Is at the  period of voltage V1. The pulse-width of signal V7
de- LOW level. Prior to the falling edge of signal VO, signal  creases when
voltage V1 or current ip1 Increases, V11 Is at the HIGH level.
Consequently, signal V11  and vice versa. When, for example, voltage VI is
maintains an output signal V7 of F-F 106 at the LOW  zero, the pulse-width
of signal V7 is at a maximum. level.
10   During the given period of voltage V1 of FIGURE 1, An unrectified,
flyback voltage V15, across wind-  as voltage V1, for example, decreases,
the peaks of ing W3, is indicative of an instant when the magnetic  the
pulses of current ip1 or current is 1 of FIGURE 2a energy in transformerT,
ora secondary current is, be-  and FIGURE 2c, respectively, also decrease,
as comes zero. Current is or is 1 becomes zero following  shown In solid
lines. the falling edge of signal V0. Circuit 105 generates a   15  In
accordance with an aspect of the invention, narrow pulse signal V12 of
FIGURE 2d when current  during a portion of the period of voltage V1 of
FIGURE is of FIGURE 2c becomes zero. The leading edge of  1, when the peaks
of the pulses of current ip1 of FIG- pulse signal V12 of FIGURE 2d triggers
F-F 106 of  URE 2a orcurrent is1 of FIGURE 2c, for example, de- FIGURE 1 to
a "set" state. As a result, output signal  crease, the peak and pulse-width
of each of the puls- V7 of FIGURE 2g of F-F 106 of FIGURE 1 attains a   20
es of current ip2 or is 2 increase, as shown in broken HIGH level
immediately after the magnetic energy  lines in FIGURES 2a and 2c. When the
pulse-width has decayed in transformer T.                     and amplitude
of the pulses of, for example, current Transistor Q1 is also controlled by
signal V7 that  is 2 of FIGURE 2c increase, additional energy is sup- is
coupled via "OR" gate 113. Signals VO and V7 can-  plied to the load. The
additional energy is supplied to not occur simultaneously at the active
HIGH levels.  25  the load via current is 2 of FIGURE 1 when the energy
When, in a given cycle, signal V7 attains the HIGH  that is supplied to the
load bythe pulses of current ip1 level, transistorQl begins conducting. In
accordance  of is1 is diminished. Therefore, the reduction in the with an
inventive feature, transistor Q2, that Is al-  amplitude of the pulses of
current ip1 or is1 that tends ready forward biased, as explained before,
begins  to produce the ripple voltage in, for example, voltage conducting a
pulse of a current ip2 in winding W1, and   30   V2 is, advantageously,
reduced by the current pulses diode D1 becomes back-biased. In a given
cycle of  of current ip2 or is2. signal V0, for example, primary current
ip2 increases  It may be desirable to, for example, increase the in an
upramping manner until F-F 106 is reset by sig-  pulse-width of the pulses
of signal V7 in each cycle of nal V11. As a result, a pulse of current is2
is produced  signal V7 when the loading of capacitor C2 increases in a
given secondarywinding of transformerT in a fly-  35  so as to control
current ip2. To that end, current ip2 back mode of operation. The pulses of
currents ip2  is controlled by controlling the pulse-width of signal and
is2 are shown In broken lines in FIGURES 2a and  V7 in a close loop manner.
The pulse-width of signal 2c. When current is2 ceases, the pulse of signal
V12  V7 is determined by set and reset signals V12 and of FIGURE 2d is
produced but has no effect on F-F  VII, as explained before. Signal V12
ensures thatthe 106 since F-F 106 is already reset.          40  pulse of
current ip2 starts to flow after the pulse of Signal V14 of FIGURE 2i, at
the LOW level,     secondary current is1 has decayed to zero. Signal
changes to the HIGH level, prior to the occurrence of  V11 determines the
amplitude of current ip2. a rising edge of signal V0 of FIGURE 2b, in
accor-    In the closed-loop operation, signal V7 is de- dance with
pulse-width determining parameters of  modulated by applying signal V7 via
a low pass filter MMV 104. When signal V14 becomes HIGH, transis-  45
LPF1. A resulting low-pass filtered signal V8 has a torQ4 becomes
conductive that causes transistor Q2  waveform that Is illustrated in
FIGURE 2j. During a to become nonconductive. A new cycle begins at the
first portion of the cycle of voltage VM, signal V8 va- rising edge of the
following pulse of signal VO of FIG-  riesas afunctionof coswt, where "t"
denotes time and URE 2b. Signal V14 remains at the HIGH level until  "w"
denotes the radian velocity; whereas, voltage VM signal VO attains the LOW
level, so as to maintain  50  of FIGURE 1 varies as a function of sin wt.
Thus, transistor Q2 nonconductive.                       pulse-width
modulated signal V7 Is transformed to an The time difference between the
falling edge of  equivalent signal, signal V8, having an amplitude and
signal VO and the leading edge ofsignal V12 orV7 va-  a DC, average level
that are determined in accor- ries as a function of the instantaneous value
of vol-  dance with the pulse-width of signal V7. Signal V8 tage V1 or VM
or the peak of current ip1 or is1 within  55   provides a relative measure
for the power required to a given period of voltage V1 orVM. The smaller is
vol-  compensate fora reduction in the Input power derived 



tage V1, the earlier is the occurrence of the leading  from mains supply
voltage source 107, during a given edge of signal V7. Voltage V10 is
constant for a given  period of voltage V1. For example, at mains voltage 4
7                   EP 0 588 843 B1                 8 VM zero crossing, the
input powerfrom source 107 is  envelope of the pulses of currents ip1 and
ip2 in a giv- zero. When the input power from source 107 is zero,  en
period of voltage V1 of FIGURE 2a. Similar sym- a maximum pulse-width of
signal V7 and a peak of   bols and numerals in FIGURES 1,2a-2k and 3a-3b
in- signal V8 occur, indicating that SMPS 100 requires  dicatesimilar items
orfunctions. During Interval T1 of maximum power compensation via the
pulses of cur-   5   FIGURE 3b that occurs in the vicinity of the peak of
rent ip2. On the other hand, in a second portion of the  voltage V1 of
FIGURE 3a, the pulses of current ip2 cycle of voltage V1 orVM, in the
vicinity of an instant  are disabled. Whereas, during the rest of the
period, when the Input power is at a maximum, signal V8 is a  an interval
T2, they are enabled. During interval T2, minimum, a shown in broken lines,
and no power    voltage V4 is larger than voltage V1, for proper oper-
compensation Is required.                     10  ation. Signal V8 is
compared with a reference voltage    FIGURE 4 illustrates an SMPS 100',
embodying VR in a comparator COMP1. The level of voltage VR  another aspect
of the invention, that utilizes a techni- is shown in FIGURE 2j as a broken
line. An output sig-  que referred to herein as a current superposition
tech- nal V9 of comparator COMP1 is produced when sig-  nique. FIGURES
5a-5f illustrate waveforms useful for nalV8 is smallerthan voltage VR.
Signal V9 Is applied   15  explaining the operation of SMPS 100' of FIGURE
4. to an inputof a second low passfilter LPF2. Low pass  Similar symbols
and numerals in FIGURES 1, 4 and filter LPF2 produces slicing voltage V10
that is used  5a-5f indicate similar Items or functions, except that as a
slicing level for comparator COMP2.          in FIGURES 4 and 5a-5f the
symbol (') is added. Assume, for example, that an increase in loading   In
FIGURE 4, transistors Q1' and Q2' are, illus- of capacitor C2 occurs.
Therefore the pulse of signal  20  tratively, MOS transistors. Transistor
Q2' is turned on V12 and the leading edge of signal V7 occur later in  by a
voltage V5' that is more positive by about 15V a given cycle of signal V0.
Therefore, the pulse-width  than voltage V4'. Transistor Q2' is turned off
by a of each of the pulses of signal V7 tends to decrease,  transistor Q4'.
A signal V14' at a HIGH level that Is throughout the period of voltage VM.
The result is that  produced in an inverting output Q of a flip-flop (FF)
the average value ofsignal V8 becomes less positive.  25  200 causes
transistor Q4' to turn on and transistor The decrease in the average value
of signal V8 of  Q2' to turn off. A protection zener diode D9 limits a
FIGURE 2j tends to increase the pulse-width of signal  gate-source voltage
excursions of transistor Q2'. V9of FIGURE 2k. As a result, the level
ofvoltageV10  Transistor Q1' Is controlled by signals V0' and V7'. becomes
more positive. Consequently, the leading  OnlyoneofsignalsV0' andV7 'can
beata HIGH level edges of the pulses of signal V11 of FIGURE 2f are  30
atany one time. Signal V0' controls a primary current more delayed or occur
later within a given period of,  component ip1' and signal V7' controls a
primary cur- for example, signal VO. Therefore, advantageously,
rentip2'.Aprimarycurrentip' InawindingW1'is sam- the pulse-width of signal
V7 In each cycle, when sig-  pled by means of a very low value resistor R31
cou- nal V7 occurs, increases. The increase in the pulse-  pled between the
source electrode of transistor Q1 ' width of signal V7 causes the average
value of signal  35  and ground H'. A voltage V31, developed across re- VS
to increase in a manner to attain steady state op-  sistor R31, is
proportional to current ip1. Voltage V31 eration. In this way, steady-state
operation is main-  is applied via a low pass filter 202 to remove any ex-
tained when a change in loading occurs in a manner  isting spikes. A
resulting low-pass filtered signal V91 to vary the amplitude of current is2
as a function of  is shown in FIGURE 5a. Signal V91 is compared with
loading.                                      40  a slicing voltage V10'
that varies in a closed-loop Signal V11 of FIGURE 2f causes FF 106 to be at
mannerin acomparator 201. Voltage V10' Is indicated the "reset" state
throughout an interval, T1, of FIG-  in FIGURE 5a as a broken line. The
slicing level of vol- URE 2g of voltage VM of FIGURE 1. The value of vol-
tage V10' relative to signal V91 determines the tage VR of FIGURE 1
determines the length of Inter-  lengthsof intervals T1'and T2'.Aresulting
signal V11' val T1 of FIGURE 2g. Throughout interval T1, signal  45  at an
output of comparator 201 is illustrated In FIG- V7 is maintained
continuously at the LOW level. Thus,  URE 5c. signal V11 prevents the
generation of the pulses of   A flip-flop (F-F) 200 is set by the falling
edge of current ip2 or is 2, throughout interval T1 of FIGURE  signal V0'
that is coupled via an inverter200a and re- 2g. Interval T1 occurs in the
vicinity of the peakofvol-  set by the HIGH level of signal V11'.
Outputsignal V7' tage V1 or VM, when the pulses of current ip1 or is1  50
developed in a non-inverting output Q of F-F 200 is are sufficiently large
to energize the load. Maintaining  applied toan input of an OR-gate 113'.
Signal V14' de- interval T1 foran entire range of loading and inputvol-
veloped at inverting output Q of F-F 200 is coupled to tage VM conditions
provides protection feature     a resistor R5' and to a capacitor C7'. The
parallel com- against an undesirable mode of operation of SMPS   bination
of resistor R5' and capacitor C7 improves the 



100 of FIGURE 1. For example, had interval T1 not  55  switching
characteristics of transistor Q4'. Control been maintained, capacitor C4
might have been over-  signal V0' is applied to the other input OR-gate
113'. loaded.                                               During a
portion of a given cycle of, for example, FIGURE 3b illustrates
schematically the peaks or  signal V0', F-F 200 Is reset, non-inverting
output sig- 5    9                   EP 0 588 843 B1                  10
nal V7' is at the LOW level and inverting output signal  es of current ip2'
are generated from the charge stor- V14' is HIGH. Therefore, transistors
Q1' and Q2' are  ed in capacitor C4' and are re-circulated via winding
turned off and transistor Q4' is turned on. Signal V0'  WI', during
interval T2'. changes, during its cycle, f rom the LOW to the HIGH
FIGURE 6b illustrates schematically the peaks or level. The change in
signal V0' causes transistor Q1 '   5   envelope of the pulses of currents
ip1' and ip2' in a toconductand each of primary current ip1'and signal
given period of voltage V1' of FIGURE 5a. Similar V91 to increase in an
upramping manner. Should sig-  symbols and numerals in FIGURES 4, 5a-5f and
6a- nal V91 reach the level of voltage V10' when signal  6b indicate
similar items or functions. During interval V0' is at the HIGH level,
comparator201 output signal  T1' of FIGURE 6b, that occurs in the vicinity
of the V11'  would attain the HIGH level.             10   peak of voltage
V1' of FIGURE 5a, the pulses of cur- After a predetermined conduction time
of transis-  rent ip2' are disabled. Whereas, during the rest of the tor
Q1', signal V0' changes again to the LOW level  period, interval T2', they
are enabled. that causes signal V91 to be zero. Since signal V91     It may
be desirable to vary current ip2' or is2' as is also zero, comparator 201
output signal V11' is at  a function of current loading of, forexample,
capacitor the LOW level.                                 15   C2'. This is
achieved by controlling signal V11' in a Throughout an interval T1', in the
vicinity of the  closed-loop manner. To that end, signal V11' is cou-
peakofvoltageVM', signal V11' attainsthe HIGH lev-  pled via a low pass
filter 203 to an inverting input ter- el prior to the Instant when signal
V0' changes to the  minal of a comparator 205. A reference voltage 204 is
LOW level. As a result, F-F 200 cannot be set Thus,  developed ata
noninverting input terminal of compar- throughout interval T1 ', control
signal V7' remains at  20  ator 205. An output signal 205a of comparator
205 is the LOW level. Throughout interval T1', after signal  coupled via a
resistor R9 to a base of a current sinking V0' changes to the LOW level,
primary current ip1'  switching transistor Q5. Acollectorof transistor 05
is becomes zero. The result is that current ip2' is dis-  coupled to a
junction terminal between a resistor R6 abled, throughout interval T1'.
and a resistor R7. Resistor R6 and R7 are coupled in In contrast to the
situation during interval T1',  25  series between a voltage V3' and a
capacitor C9 to during an Interval T2' of voltage VM', signal V91 does
generate a current that charges capacitor C9. The not reach the level of
voltage VI 0' during the period  average value of a collector current of
transistor Q5 of signal V0' in which both signal V0' is at the HIGH
determines the level of voltage VI 0' that is developed level and
transistor Q1 is conductive. This is so be-  In capacitor C9. Thus,
capacitor C9 is discharged via cause, during Interval T2', the rate of
change of cur-  30  transistor Q5 and is charged via resistor R6. In steady
rent ip1' is smaller than during Interval T1' due to the  state operation,
voltage V10' is constant decrease in Input voltage VM' or V1'. During
interval   Assume that an increase in current loading in ca- T2', when
signal V0' attains the LOW level, the reset  pacitor C2' occurs. Therefore,
the peak amplitude of signal V11' is still at the LOW level. Therefore, F-F
current ip1' and of voltage V31 in resistor R31 in- 200 is set by the
falling edge of signal V0'. Thus, when   35   crease. Therefore, the
pulse-width of signal V11' in- signal V0' becomes LOW, signal V7' changes
to the   creases. When the pulse-width of signal V11' increas- HIGH level.
es, an output voltage 203a of low-pass filter 203 be- Transistor Q1'
conduction time is now deter-     comes larger. When voltage 203a exceeds
voltage mined by signal V7' which keeps transistor Q1' con-  204 output
signal 205a of comparator 205 attains the ducting after signal V0' becomes
LOW. The current In  40   LOW level. The result is that transistor Q5 is
turned transistor Q1' is not disturbed by the fast transition  off fora
longer interval during a given period of, for ex- from being controlled by
signal VO' to being controlled  ample, signal V0'. Thus, the average
current in tran- bysignal V7'. Simultaneously, transistor Q4' is turned
sistor Q5 decreases. Therefore, the level of voltage off by signal V14'
which attains the LOW level. Tran-  V10 Increases. In this way, the peak
level of each sistor Q2 immediately conducts, a diode D1' be-  45   pulse
of current ip2' Increases in a mannerto transfer comes nonconductive and a
diode D7' becomes con-    more energy to the load. ductive. Input supply
voltage VI' Is decoupled from a   Upon turning on the SMPS 100' and prior
to stea- winding W1' and a voltage V4' in a capacitor C4' is  dy state
operation, voltage V10' is undefined and coupled to winding WI' via
transistor Q2'. In cycles  could be 2 or 3 volts higher than in steady
state which that occur during interval T2', primary current ip2'  50
might allow excessive current to flow. Therefore ca- continuestoflow
without a gap of time relative to cur-  pacitorC9 is coupled toa voltage
dividerthat includes rent ip1', as shown in broken lines in FIGURE 5a. Vol-
a resistor R1 and a resistor R2 through a diode DIO. 



tage V91 also Increases until voltage V91 becomes   Upon switching on the
power supply voltage V4' is equal to voltage V10'. Then, comparator 201
output  zero and diode D10 is coupled to ground potential. As signal V11'
becomes HIGH that causes F-F 200 to re-  55   a result, voltage V10' can
not be greaterthan 0.6V. As set. Transistor Q1' is turned off, transistor
Q4' is  the power supply starts to operate, voltage V4' in- turned on and
transistor Q2' is turned off. Thereafter,  creases. The voltage level
across resistor R2 also in- a new cycle begins. The result is that the
current puls-  creases, thereby allowing voltage V10' to increase. 6    11
EP 0 588 843 B1                 12 The voltage divider that includes
resistors R1 and R2  Claims causes diode D10 to be in cut off when voltage
V4' reaches its nominal value.                         1. A switch mode
power supply, comprising: FIGURE 7 illustrates an SMPS 100", embodying
a source (107) of an AC, mains supply vol- another aspect of the invention,
that utilizes a com-   5  tage(VM); promise technique. FIGURES 8a-8b
illustrate wave-     an inductance (W1); forms useful for explaining the
operation of SMPS     first switching means (Q1) coupled to said mains 100"
of FIGURE 7. Similar symbols and numerals in     source and responsive to a
switching signal (V16) FIGURES 1, 4, 7 and 8a-8b indicate similar items or
for generating a first plurality of current pulses functions, except that
in FIGURES 7 and 8a-8b the 10   (ip1,is1)insaidinductanceatafrequency(20-50
symbol (") is added. In FIGURE 7, switch S1 performs   KHz) that is
substantially higher than that (50 Hz) the function of transistors Q1 of
FIGURE 1, for exam-  of said mains supply voltage such that, during a pie,
and switch S2 of FIGURE 7 performs thefunction   first portion (T2, Fig.
2g) of a given period remote of transistor Q2 of FIGURE 1.
from a peak of said mains supply voltage, when Capacitor C4" of FIGURE 7 is
charged directly  15  said mains supply voltage decreases, the de- from
mains supplyvoltageVM", and notvia the trans-    crease causes a concurrent
decrease in ampli- former, as in FIGURE 1 or 4. Therefore, a mains cur-
tudes of said first plurality of current pulses and rent iM" of FIGURE 7 is
equal to the sum of the two   in a level of a mains supply current (iM)
supplied currents, ip1" and i4. Current ip1" is sinusoidal at the  from
said mains source; fundamental frequency. Capacitor C4" is charged   20
characterized by only during the peaks of mains voltage VM". Thus,
second switching means (Q2) synchronized to current i4 includes narrow,
non-sinusoidal current    said first switching means and coupled to said
in- pulses.                                               ductance for
generating a second plurality of cur- The peak value of current i4 is low,
because the   rent pulses (ip2, is2) in said inductance at a fre- energy
stored in capacitor C4" is used to supply only  25  quency that is
substantially higher than that of a portion of a primary current ip" of
winding W1".   said mains supply voltage, said second plurality About 65%
of the power consumption is obtained by      of current pulses being
generated at least during means of current ip1" and 35% by means of current
said first portion of said given period of said ip2". The resultant current
waveform of current iM" is  mains supply voltage; shown in FIGURE 8b.
Advantageously, the third har-  30  a load circuit (LOAD); and monic of
this current waveform is only about 30% of   means (W2) responsive to said
first and second what it would have been had capacitor C1" been a
pluralities of current pulses for developing an out- very large capacitor.
The fifth harmonic is also re-   put supply voltage (V2) and an output
supply cur- duced. A control circuit 101" in FIGURE 7 could be of  rent
(iL) in said load circuit the type, current interleaving" of FIGURE 1 or of
the   35 type, current superposition" of FIGURE 4.          2. A power
supply according to claim 1 further com- A comparison between the
performances of ar-       prising, a rectifier (D2) for rectifying said
first rangements of FIGURES 1 and 7, when the mains          (IL1) and
second (iL2) pluralities of current pulses supply voltage is 220 VAC, the
input power is 150W    to develop said output supply voltage (V2) and and
the output voltage, for example, voltage V2 or  40  said outputsupply
current (IL), such that saidsec- V2", is 150 VDC, provides the following
results. In the  ond plurality of current pulses compensateforthe
arrangement of FIGURE 1, the harmonic content of      decrease in said
amplitudes of said first plurality current iM in [err] is 0.72 at 50 Hz,
0.05 at 150 Hz,  of current pulses in a manner to reduce a ripple 0.038
at250 Hz and 0.024 at350 Hz. The powerfactor    component at a frequency (
100 Hz) that is relat- is 0.96, the efficiency is 0.72 and the ripple
voltage is  45  ed to that (50 Hz) of said mains supply voltage. IV. In the
arrangement of FIGURE 7, the harmonic content of current iM in [err] is
0.72 at 50 Hz, 0.18 at  3. A power supply according to claim 1 wherein said
150 Hz, 0.126 at 250 Hz and 0.09 at 350 Hz. The pow-  second plurality of
current pulses [err] are gen- er factor is 0.92, the efficiency is 0.78 and
the ripple  erated in said inductance (WI) and wherein said voltage is
0.8V.                              50       output supply voltage (V2) is
produced In a fly- 



The current interleaving technique of FIGURE 1     back manner from said
first (ip1) and second is particularly suitable for an SMPS with a power
rat-  (ip2) pluralities of current pulses. Ing below, for example, 100W.
Whereas, the current super-position technique is suitable for an SMPS with
4. A power supply according to claim 1 wherein said a higher power rating.
55       current pulses of said first (ip1) and second (ip2) pluralities of
current pulses occur in mutually ex- clusive Intervals within a given
period of said switching signal (V16). 7    11                 EP 0 588 843
B1                     12 The voltage divider that includes resistors R1
and R2  Claims causes diode D10 to be in cut off when voltage V4' reaches
its nominal value.                        1. A switch mode power supply,
comprising: FIGURE 7 illustrates an SMPS 100", embodying      a source
(107) of an AC, mains supply vol- another aspect of the invention, that
utilizes a com-   5  tage(VM); promise technique. FIGURES 8a-8b illustrate
wave-     an inductance (W1); forms useful for explaining the operation of
SMPS     first switching means (Q1) coupled to said mains 100" of FIGURE 7.
Similar symbols and numerals in    source and responsive to a switching
signal (V16) FIGURES 1, 4, 7 and 8a-8b indicate similar items or   for
generating a first plurality of current pulses functions, except that in
FIGURES 7 and 8a-8b the   10  (ipI, isl) In said inductance at a frequency
(20-50 symbol (") Is added. In FIGURE 7, switch S1 performs  KHz) that Is
substantially higher than that (50 Hz) the function of transistors Q1 of
FIGURE 1, for exam-  of said mains supply voltage such that, during a ple,
and switch S2 of FIGURE 7 performs the function  first portion (T2, Fig.
2g) of a given period remote of transistor Q2 of FIGURE 1.
from a peak of said mains supply voltage, when Capacitor C4" of FIGURE 7 Is
charged directly  15  said mains supply voltage decreases, the de- from
mainssupply voltage VM, and not via the trans-   crease causes a concurrent
decrease In ampli- former, as In FIGURE 1 or 4. Therefore, a mains cur-
tudes of said first plurality of current pulses and rent iM" of FIGURE 7 is
equal to the sum of the two   in a level of a mains supply current (IM)
supplied currents, Ip1" and 14. Current ip1" is sinusoidal at the  from
said mains source; fundamental frequency. Capacitor C4" Is charged   20
characterized by only during the peaks of mains voltage VM". Thus,
second switching means (Q2) synchronized to current i4 Includes narrow,
non-sinusoidal current    said first switching means and coupled to said
in- pulses.                                               ductance for
generating a second plurality of cur- The peak value of current i4 is low,
because the  rent pulses (ip2, is2) In said inductance at a fre- energy
stored in capacitor C4" is used to supply only  25  quency that is
substantially higher than that of a portion of a primary current ip" of
winding W1".    said mains supply voltage, said second plurality About 65%
of the power consumption is obtained by     of current pulses being
generated at least during means of current ip1" and 35% by means of current
said first portion of said given period of said ip2". The resultant current
waveform of current iM" is  mains supply voltage; shown in FIGURE 8b.
Advantageously, the third har-  30  a load circuit (LOAD); and monic of
this current waveform is only about 30% of   means (W2) responsive to said
first and second what it would have been had capacitor C1" been a
pluralities of current pulses for developing an out- very large capacitor.
The fifth harmonic is also re-  put supply voltage (V2) and an output
supply cur- duced. A control circuit 101" in FIGURE 7 could be of  rent
(IL) in said load circut. the type, "current Interleaving" of FIGURE 1 or
of the  35 type, "current superposition of FIGURE 4.           2. A power
supply according to claim 1 further com- A comparison between the
performances of ar-       prising, a rectifier (D2) for rectifying said
first rangements of FIGURES 1 and 7, when the mains         (IL1) and
second (iL2) pluralities of current pulses supply voltage is 220 VAC, the
input power Is 150W   to develop said output supply voltage (V2) and and
the output voltage, for example, voltage V2 or  40  said
outputsupplycurrent (IL), such that said sec- V2", Is 150 VDC, provides the
following results. In the  ond pluralityof current pulses compensate forthe
arrangement of FIGURE 1, the harmonic content of      decrease in said
amplitudes of said first plurality current iM In [err] is 0.72 at 50 Hz,
0.05 at 150 Hz,   of current pulses in a manner to reduce a ripple 0.038 at
250 Hzand 0.024 at 350 Hz. The powerfactor   component at a frequency (100
Hz) that is relat- is 0.96, the efficiency is 0.72 and the ripple voltage
is  45  ed to that (50 Hz) of said mains supply voltage. 1V. In the
arrangement of FIGURE 7, the harmonic content of current iM In [err] is
0.72 at 50 Hz, 0.18 at  3. Apowersupplyaccording to claim 1 whereinsaid 150
Hz, 0.126 at 250 Hz and 0.09 at 350 Hz. The pow-  second plurality of
current pulses (ip2) are gen- 



er factor is 0.92, the efficiency is 0.78 and the ripple  erated In said
inductance (WI) and wherein said voltage is 0.8V.
50      output supply voltage (V2) is produced in a fly- The current
interleaving technique of FIGURE 1     back manner from said first (ip1)
and second is particularly suitable for an SMPS with a power rat-  (ip2)
pluralities of current pulses. Ing below, for example, 100W. Whereas, the
current super-position technique Issuitableforan SMPSwith  4. Apowersupply
according to claim 1 wherein said a higher power rating.
55       current pulses of said first (ip1) and second (ip2) pluralities of
current pulses occur in mutually ex- clusive intervals within a given
period of said switching signal (V16).    13                  EP 0 588 843
B1                  14 5. Apower supply according to claim 1 wherein said
of said second pluralityof current pulses (ip2) and second plurality of
current pulses (ip2) are gen-   wherein said source (107) of mains supply
vol- erated in said inductance (W1) and wherein a giv-   tage (VM) is
simultaneously decoupled from said en current pulse ofone of saidfirst
pluralityof cur-  firstwinding, during a portion of a given period of rent
pulses (ip1) occurs adjacent to a given cur-   5  said switching signal.
rent pulse of said second plurality of current puls- es such thatthere is
no time gap between the ad-  13. A power supply according to claim 10
wherein jacent pulses.                                      said second
plurality of current pulses (ip2) are produced in a current inter-leaving
manner (Fig. . A powersupply according to claim I furthercom-   10   1)
with respect to said first plurality of current priming, means (COMP 1,
COMP 2) for disabling       pulses (Ip1). the generation of said second
plurality of current pulses (ip2) throughout a second portion (T1, Fig.
14. A power supply according to claim 10 wherein 2g) of said period of said
mains supply voltage     said second plurality of current pulses (ip2) are
(VM), In a vicinity of said peak voltage of said  15  produced In a current
super-position manner mains supply voltage.
(Fig. 4) with respect to said first plurality of cur- rent pulses (ip1). 7.
A power supply according to calm I further com- prising, a pulse-width
modulator (101) for pulse-  15. A power supply according to claim 10
further width modulating the current pulses of at least  20  comprising,
means (D4", Fig. 7) for generating a one (p1, ip2) of said first (ip1) and
said second    second supply voltage (in C4") from said mains (ip2)
plurality of current pulses In accordance with  supply voltage (VM") via a
current path (D4") that said one of said output supply voltage (V2) and
excludes said transformer (WI", W2") wherein current (iL) in a manner to
provide regulation.     said second supply voltage is coupled via said 25
second switching means (Q2") to said transfor- 8. A ower supply according
to calm 7 wherein said       mer (W1", W2") for generating said second
plur- pulse-width modulator (101) modulates each of       ality of current
pulses (ip2"). said first (ip1) and second (ip2) pluralities of cur- rent
pulses in a manner to provide the regulation.  16. A power supply according
to claim 10 further 30      comprising, a rectifier (102) coupled to said
9. A power supply according to claim 1 wherein said     mains source (107)
for rectifying said mains sup- second plurality of current pulses (ip2) are
gen-   ply voltage (VM) to generate a rectified supply erated in said
inductance and wherein said sec-     voltage (VI )that is coupled to said
transformer ond plurality of current pulses comprise re-circu-  (T) wherein
said rectified supply voltage Is devel- lated current pulses with respect
to said induc-  35  oped from said mains supply voltage without sig- tance
(WI).                                         nificant low-pass filtering
with respect to a fre- quency (50 Hz) of said mains supply. 10. A power
supply according to claim 1 wherein said second plurality of current pulses
(ip2) are gen-  17. A power supply according to claim 10 wherein, erated in
said inductance (WI) and wherein said  40  during said given period of said
mains supply vol- inductance is included in a first winding (WI) of   tage
(VM), a ratio between an amplitude of a giv- a transformer (T).
en current pulse of said first plurality of current pulses (ip1 ) and a
level of said mains supply vol- 11. A power supply according to claim 10
further        tage (VM) that prevails during said given current
comprising, a second rectifier (D4) and a capac-  45  pulse of said first
plurality of current pulses Is itor (C4) for rectifying current pulses in a
second  substantially constant for each current pulse. winding (W4) of said
transformer (T) that are pro- 



duced from said first plurality of current pulses  18. A switch mode power
supply, comprising: (ip1) to develop a second supply voltage (V4) In    a
source (107) of an AC, mains supply voltage said capacitor, said second
supply voltage being   50  (VM); coupled to said second switching means
(Q2) for     a flybacic transformer (T); generating said second plurality
of current pulses  a rectifier (102) coupled to said mains source for (ip2)
from said second supply voltage.              rectifying said mains supply
voltage to develop In a firstwinding (WI) of said transformer a first rec-
12. A power supply according to claim 10 wherein  55    tified supply
voltage (VI) such that said rectified said second switching means (Q2)
couples a sec-     supply voltage is developed without low-pass fil- ond
supply voltage (V4) to said first winding (WI)  tering with respect to a
frequency (50 Hz) and low of said transformer (T) to generate a given pulse
order harmonics of said mains supply voltage; 8    15                  EP 0
588 843 B1                  16 firstswitching means (Q1) responsive toa
switch-       - sine Quelle (107) einer AC-Netzversor- ing signal (V16) at
a frequency (20-50 KHz) that         gungs-Spannung (VM); is substantially
higher than a frequency (50 Hz)       - sine Indutilvitilt (WI); of said
mains supplyvoltageforgenerating afirst        - sin erstes Schaltmittel
(Q1), das mit der plurality of current pulses (ip1) in said first wind-   c
Netz-Versorgungs-Quelle gekoppelt ist und ing; and
auf sin Schaltsignal (V16) anspricht, zum means (W4, D4) generating a
second supply vol-           Erzeugen einer ersten  Mehrzahl von tage (V4);
Stromimpulsen (ip1,isb) in der Induitivitat characterized by
bel einer Frequenz (20-50 kHz), die we- second switching means (Q2) coupled
to said   10         sentlich hoher als die (50 Hz) der Netz- transformer
and synchronized to said first switch-       Versorgungs-Spannung ist, so
dai wah- ing means for coupling said second rectified sup-        rend
sines ersten Zeitabschnitts (T2, Fig. ply voltage to said transformerand
fordecoupling         29) elner gegebenen Periode, entfert von said first
rectified supplyvoltage from said trans-      elner Spitze oder einem
Scheitsipunlt der former to generate in said transformer from said  15
Netz-Versorgungs-Spannung, wenn sich second rectified supply voltage a
second plurali-        die Netz-Versorgungs-Spannung verrin- ty of current
pulses (ip2), such that a given cur-       gert, die Abnahme sine
gleichzeitige Ab- rent pulse of said first plurality of current pulses
nahms derAmplituden derersten Mehrzahl and a given current pulse of said
second plurality       von Stromimpulsen und sines Pegels sines of current
pulses occur, during a given period of  20    Netz-Versorgungsstroms (IM)
bewirkt, der said switching signal, said first and second plur-       von
der ersten Netzquelle zugef0hrt wird, alities of current pulses being
transformer-cou-         dadurch gekennzolchnet, pled via said transformer
to a load circuit (LOAD)     - daB sin zweibts Schaltmittel (Q2) mit dem to
develop in said load circuit an output supply         ersten Schaltmittel
synchronislert und mit voltage (V2) and an output supply current (IL).
25    der Induktlivitat gekoppelt ist zum Erzeugen einerzweitsn Mehrzahl
von Stromimpulsen 19. A power supply according to claim 18 further
(ip2, 1s2) In der Induktivitfit bei einer Fre- comprising, means (COMP 1,
COMP 2) for dis-              quenz, die wesentlich h8her Ist als die der
abling the generation of said second plurality of
Netz-Versorgungs-Spannung, woboi die current pulses (ip2) throughout a
portion (T1) of  30    zweibt Mehrzahl der Stromimpulse zumin- a period of
said mains supply voltage (VM), in a         destwahrend des ersten
Abschnitts derge- vicinityof a peakvoltage of said mains supplyvol-
gebenen Periode der Netz-Versorgungs- tage.
Spannung erzeugt wird; - daIB sine Lastschaltung (LOAD) vorgese 20. A power
supply according to claim 18 wherein  3S         hen ist; und said second
plurality of current pulses (ip2) are      - daB sin Mittel (W2) vorgesehen
ist, das auf generated during a portion (T2) of a period of said      die
erste und zweite Mehrzahl der Stromim- main supply voltage (VM) when
amplitudes of              pulse anspricht, zum Bilden einer Aus- said
first plurality of current pulses substantially
gangs-Versorgungsspannung (V2) und el- decrease.
40           nes Ausgangs-Versorgungsstroms (IL) In der Lastschaltung. 21.
A power supply according to claim 18 wherein said second plurality of
current pulses (ip2) are  2. Schaltnetztell nach Anspruch 1, enthaltend
elnen produced in a current inter-leaving manner (Fig.    Gleichrichter
(02) zum Gleichrichtbn der ersten 1) with respect to said first plurality
of current  45  (iL1) und zweiten (iL2) Mehrzahl von Stromimpul- 



pulses (ip1).                                       sen, um die
Ausgange-Versorgungsspannung (V2) und den Ausgangsstrom (IL) so zu bilden,
22. A power supply according to claim 18 wherein        daBa die zweite
Mehrzahl von Stromimpulsen die said second plurality of current pulses
(ip2) are   Abnahme der Amplituden der ersten Mehrzahl produced in a
current super-position manner  so     von Stromimpulsen derart kompensiert,
dal sine (Fig. 4) with respect to said first plurality of cur-
Wollen-Komponente (Ripple) bei elner Frequenz rent pulses (ip1).
(100 Hz), die zu der (50 Hz) der Netz- Versorgungs-Spannung Bezug hat,
reduziert wird. Patentansprfche                                 5s 3.
Schaltnetzteil nach Anspruch 1, wobel die zweibt 1. Schaltnetztsil,
enthaltend:                          Mehrzahl von Stromimpulsen (ip2) in
der Induk- tanz (WI) erzougtwird und wobel die Ausgangs- 9 1111111 111111
11111 11111 1111 * C   L   N   S    17                 EP 0 588 843 B1
18 Versorgungaspannung (V2) in Sperrwandoer-         non zweiten
Glelchrichter (W4) und oenen Kon- Wese (Flyback-manner) von der orsten
(ip1) und    densator (C4) zum Glelchrichten von Stromim- zwelten (ip2)
Mehrzahl von Stromimpulsen er-      pulsen In oinerzweltsn Wickiung (W4)
des Trans- zougt wird.
formators/lbertragers (T), die von der ersten 5      Mehrzahl von
Stromimpulson (ipi) erzeugt wer- 4. Schaltnetztell nach Anspruch 1 be! dem
die       den, zum Biden olner zweitn Versorgungs- Stromimpulse der ersten
(Ip1) und zweiten (Qp2)   Spannung (V4) am Kondensator, wobei die zwel-
Mehrzahl von Stromimpulsen in sich gegenseotig   to Versorgungs-Spannung
mit dem  zwelten ausschlleofanden Intervallen Innerhalb olnes ge-
Schaltmittel (Q2) zum Erzeugen der zweiten gebenen Zeltabschnitts des
Schaltsignals (VI)  10  Mehrzahl von Stromimpulsen (1p2) aus derzwei-
auftreten.                                        ten Versorgungs-Spannung
gokoppelt ist. 5. Schaltnetzteil nach Anspruch 1, wobel die zweite  12.
Schaltnetztoil nach Anspruch 10, wobei das zwelte Mehrzahl von
Stromimpulsen (1p2) in der Induk-    Schaltmittel (Q2) sine zweitb
Versorgungs-Span- tanz (WI) erzeugt wird und wobel ein gegebener  15  nung
(V4) mit der ersten Wicdung (WI) des Stromimpuls von einer der erston
Mehrzahl von     Transformators (T) koppelt, ur elnen gogebenen
Stromimpulsen (ipi) benachbart zu einem goge-     Impuls derzweiten
Mehrzahl von Stromimpulsen benen Stromimpuls der zweiten Mehrzahl von
(ip2) zu erzeugen, und wobei die Quells (107) der Stromimpulsen auftritt,
so dal keine Zeltiucke    Netz-Versorgungs-Spannung (VM) glelchzeltig
zwlschen den benachbarten Stromimpulsen ent-  20  von der ersten Wickiung
wahrend oines Teils der steht.
gogebenen Periods oder des gegebenen Zeitab- schnitts des Schaltsignals
entkoppelt wird. 6. Schaltnetztell nach Anspruch 1, enthaltend eln Mit- tel
(COMP 1, COMP 2) zum Abschalten der Erzeu-  13. Schaltnetzteil nach
Anspruch 10, wobei die zwel- gung der zweiten Mehrzahl von Strornimpulsen
25  to Mehrzahl von Stromimpulson (1p2) in olner hin- (ip2) wvhrend sines
zweKen Tells (TI, Fig. 2g) der  slchtllch derersten Mehrzahl von
Stromimpulson Periods der Netz-Versorgungs-Spannung (VM),      (ipi)
stromverschachtelten Weise (Figur 1) er- in der Nahe des Scheltelpunktes
oder der Spitze   zeugt wird. der Spannung der Netz-Versorgungs-Spannung.
90  14. Schaltnetzteil nach Anspruch 10, wobei die zwei- 7. Schaltnetzteil
nach Anspruch 1, enthaltond inen   to Mehrzahl von Stromimpulsen (1p2) In
einer Pulabreiten-Modulator (101) zum Stsuern der tm-   stromOberlagerten
Weise (Figur 4) hinsichtlich pulsbreibt der Stromimpulse mindestens siner
der ersten Mehrzahl von Stromimpulsen (ipi) er- (Mehrzahl) (ip1 ip2) der
ersten (ip1) und zweiten  zeugt wird. (Ip2) Mehrzahl von Stromimpulsen in
Obersin-  35 stimmung mitdem eonen derAusgangsspannung      15
Schaltnetzteil nach Anspruch 10, umfassend ein (V2) oder Strom (IL), um die
Regulierung bereof-  Mittel (D4", Fig. 7) zum Erzeugen einer zweiten
zustellen.                                        Versorgungs-Spannung (an
C47) aus der Netz- Versorgungs-Spannung (VMM) Oberoinen Strom- 8.
Schaltnetzteil nach Anspruch 7, wobel der Puls-  40  pfad (D4), der den
Transformator (WI",W2") brelten-Modulator (101) jade der ersten (ipi) und
ausschliellt oder umgeht, wobei die zweite zweitsn (Ip2) Mehrzahl von
Stromimpulson steu-    Versorgungs-Spannung  durch  sin  zweltbs 



ort, urn ine Regulierung/Regelung zu bowirken.    Schaltmittel (Q2") an
den  Transformator (WI1,W2") zurn Erzeugen einer zwebten Mehr- 9.
Schaltnetztell nach Anspruch 1, wobel die zwebt  45  zahl von Stromimpulson
(ip2") gokoppolt ist. Mehrzahl der Stromimpulse (ip2) In der Induk- tanz
orzeugt wird und wobei die zweito Mehrzahl  16. Schaltnetztbll nach
Anspruch 10, umfassend einen der Stromimpulse umlaufende (re-circulated)
Gloichrichter(102), derandioNetzquelle(107)zum Stromimpulse bezflglich der
Induktanz (WI) be-    Gleichrichtbn der Netz-Veoxrgungs-Spannung inhaltet.
50     (VM) gekoppelt st, zuwm Erzeugen einer glelchge- richteten
Versorgungs-Spannung (VI), die an den 10. Schaltnetztell nach Anspruch 1,
wobei die zweite  Transformator (1) gekoppelt !at wobel die gleich-
Mehrzahl der Stromimpulse (Ip2) In der Induk-     gerichtbte
Versorgungs-Spannung von der Netz- tanz (WI) erzeugt wird und wobel die
Induktanz    spannung ohne signifikantos Tiefpal-Filbtrn hin- in einer
ersten Wicklung (WI) sines Transforms-  s5  slchtlich einer Frequenz (50
Hz) der Netzspan- tors/Obertragers (1) beinhaltet ist.              nung
gebildet wird. 11. SchaltnetzteDl nach Anspruch 10, enthalttnd ei-  17.
Schaltnetztell nach Anspruch 10, bel dem wah- 10 1   !111  111111111111
19                 EP 0 588 843 B1                20 rend der gegebenen
Periodo der Netzspannung       Mittel (COMP. 1, COMP 2) zum Abschaltbn der
(VM) ein Verhiltnis zwlschon einerAmplitude el-   Erzeugung der zweitsn
Mehrzahl von Strornim- nes gegebenen StromImpulses der ersten Mehr-
pulsen (ip2) wahrend sines Teils (T1) oiner Perio- zahi der Stromimpulso
(ipi) und einem Pegel der   do  oder sines Zeitabschnitts der Netz-
Netzspannung (VM), der wahrend des gogebe-   s    Versorgungs-Spannung (VM)
In elnor NAhe oder nen Stromimpulses der erstbn Mehrzahl der
Umgebung der Scheitelpunkt-Spannung der Stromimpulse vorherrscht odor
Oberwiegt, im       Netz-Versorgungs-Spannung. wesentlichen konstant
farjeden Stromimpuls ist. 20. Schaltnetztell nach Anspruch 18, wobel die
zwel- 18. Schaltnetztell enthaltbnd:               10      te Mehrzahl von
Stromimpulsen (ip2) wahrend ei- - elne Quelle (107) einer AC-Netz-Versor-
nes Teils (T2) eines Zeitabschnitts oder Periods gungs-Spannung (VM);
der Netz-Versorgungs-Spannung (VM) erzeugt - olnen
Sperrwandler-Transformator (T);        wird, wo oder wenn die Amplituden
der ersten - einen Glelchrichter (102), der an die Netz-  Mehrzahl von
Stromimpulsen sich wesentlich quele gekoppelt IK zum Glelchrichlen der  is
verringern. Netz-Versorgungs-Spannung, um in einer or- sten Wicdung (WI)
des Transformators eine  21. Schaltnetztell nach Anspruch 18, wobel die
zwei- ersbt gleichgerichtete Versorgungs-Spannu-   te Mehrzahl-von
Stromimpulsen (ip2) in elner mit ng (VI) zu bilden, so daM die
goidchgerlchtsto  der erstbn Mehrzahl von Stromimpulsen (ipi)
Versorgungs-Spannung ohnneoifpari-Flltern  20  strom-verschachtelten Welse
(Figur 1) erzougt hinsichtlich einer Frequenz (50 Hz) und nied-  wird. rgen
Harmonisohen der Netz-Versorgungs- Spannung gebildetwird;
22. Schaltnetztell nachAnspruch 18, wobel die zwel- - sin erstes
Schaltmittel (Q1), ansprechend    to Mehrzahl von Stromimpulsen (1p2) in
elner auf ein Schaltaignal (V18) bei elner Fre-  25
Strom-Oberlagerungsweise (Fig. 4) hinsichtlich quenz (20-50 kHz), die
wesentlich hoher      der ersten Mehrzahl von Stromimpulsen erzeugt als die
Frequenz (50 Hz) der Netz-           wird. Versorgungs-Spannung ist zum
Erzougen elner erstbn Mehrzahl von StromImpulsen (Ip1) in der ersten
Wicidung; und    30   Rovendlcatlons - ein Mittel (W4,D4), das eine zweite
Versorgungs-Spannung (V4) erzeugt; da-    1. Une alimentation en mode
commute intigrant: durch gekennzelchnet,                        une source
(107) de tension d'alimentation CA dall ein zweites Schaltmittel (Q2) mit
dem   (VM); Transformatorgekoppelt ist und mit dem er-  35  une Inductance
(WI); sten Schaltmittbl zum Koppeln der zweiten    un premier moyen de
commutation (QI) couple a gleichgerichteten Versorgungs-Spannung
ladite source d'alimentation et sensible a un si- an den Transformator und
zum Abkoppeln       gnal de commutation (V16) destine A g6nerer un oder
Entkoppeln der ersten gleichgerichte-   premier ensemble d'impulsions
d'lntensite (ip1, ten  Versorgungs-Spannung  von  dem   40     is1) dans
ladite inductance A une fr6quence (20- 



Transformator synchronisiert ist, zum Er-    50 KHz) largement sup6rleure A
cello de ladite zeugen einer zweiten Mehrzahl von Strom-     tension
d'alimentation (50 Hz) de sorte que pen- impulson (Ip2) in dem
Transformator aus      dant une premlere partle (T2, Fig. 2g) d'une p6-
derzwelten gleichgerichteten Versorgungs-    riode d6finie, 6loignie d'une
cr~te de ladie ten- Spannung, so daB sin gegebener Stromim-  45  slon
d'alimentation, lorsque ladite tension d'ali- puls der ersten Mehrzahl von
Stromimpul-     mentation diminue, la babsse occasionne une di- sen und ein
gegebener Stromimpuls der        minution simultanee des amplitudes dudit
pre- zweiten Mehrzahl von Stromimpulsen wah-      mier ensemble
drimpulsions d'intensite et du ni- rend einerbestimmten Periods oderZeitab-
veau d'intensite d'allmentation (iM) dlivr6 parla- schnitts des
Schaltsignals auftreten, wobei  wo  dite source d'allmentation; die erste
und zweibt Mehrzahl der Stromim-   caractinisA par pulse durch den
Transformator zu elner       un second moyen de commutation (Q2) synchro-
Lastechaltung (LOAD) transformatorisch       nbe6 audit premier moyen de
commutation et cou- gekoppeltwird, um an der Lastschaltung el-   pl6 A
ladite Inductance afin de gendrer un second no Ausgangsspannung (V2) und
einen Aus-  5s  ensemble d'impulsions d'intensite (ip2, is2) dans
gangestrom (IL) zu erzeugen.                 laditb inductance A une
frequence nettement su- perieure A cello de ladite tension d'alimentation,
19. Schaltnetzteil nach Anspruch 18, enthaltend sin  ledit second ensemble
d'Impulsions d'Intenslt6 111111111111111111 11111 111111 *  C   L  M   S  *
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pendant ladite prernl~re  7. Une alimentatlon conform. A la Revendication I
partie de ladite phriode dMinis de ladite tension  int6grant fgalement un
modulateur d'impulsions d'alimentatlon ;
en largeur ('101) en vue de la modulation d'impul- un circuit do charge
(LOAD) ; et                 aione en largeur des impulsions d'lntensltfi
d'au un moyen (W2) sensible auxdits premier et se-   5  molns l'un (ipi,
1p2) dudit premier (pip)et duditse- cond ensembles d'impulsions d'lntensit6
destin6   cond (1p2) ensemble d'impulsions O'ntensft6 AL g~n6rer une
tension d'alimentation do sortie   conlorm6ment A une valour prise parmi
ladite in- (V2) et une IntensIt6 d'allmentatlon do sortie (IL)  tensitb
(IL) et ladite tension d'alimentatlon do sor- dana ledit circuit do charge.
tie (V2) do manibre A assurer Ia regulation. l0 2. Une alimentation
conforms A la Revendication 1  B. Une alimentation conforms A Ia
Revendication 7 int~gmant 6galement un redresseur(D2) destIn6 A
carect6rlsde on ce que lodit moduisteur d'impui- redresser lesdits premier
(ILl) et second (iL-2) en-  sions en largeur (101) module chacun desdits
sembies d'impulsions d'intensit6 afin do g6n6ror  premier (ipi) et second
(ip2) ensembles d'impui- ladite tension d'alimentation do sortie (V2) et
la-  15  sions d'intenslt6 do maniure A assurer la r6gula- dite intensit6
d'allmentation de sortie (IL), do ear-  tion. to quo ledit second ensemble
d'impusisons d'in- tensit6 compense Ia diminution deaditea amnplitu-  9.
Une alimentatlon conforms A Ia Revendication I des dudit premier ensemble
d'impulsions d'lnten-  caract~rls"e en co quo ledit second ensemble sitb do
manibre AL r~duire une composante d'on-  20  d'impulsions d'ntensiti (ip2)
eat g6n6r6 dans la- dulation A une friquence (1 00 Hz) apparentis A   dite
Inductance et on ce quo ledit second ensem,- celie do lad ite tension
d'alimentation (50 Hz).  bie d'impulsions d'intensl:6 eat compos6 d'impul-
slona d'intenslt6 retranamises par rapport A Waits 3. Une alimentation
conforms A Ia Revendication I    inductance (WI). caract6risde en cs quo
ledit second ensemble  25 d'impulisions d'lntensit6 (ip2) eat g6n~r6 dans
la-  10. Una alimontation conforms A la Rovendication I dite Inductance
(WI) et on ce quo ladite tension  caractdrisfie en ce quo ledit second
ensemble d'alimentation do sortie (V2) eat g~n~r~s par re-  d'impulsions
d'intonait6 (lp2) eat 96n6r6 dane la- tour deadits premier (ipl) et second
(ip2) ensem-  dite inductance (WI) et en ce quo ladite Inductan- bles
d'impulsions d'intonsit6.            30      ce eat Inclues dane Is premier
enroulement (WI) d'un tranaformateur (1). 4. Una alimentatlon conforms A Ia
Revendication I caractrIna6o en ce quo lesdites impuisions dOn-  11. Une
alimentatlon conforme A la Revondication 1 0 tensitA deedits premier (ipl)
et second (ip2) en-  oomprenant 6galoment, un second redressour sembles
d'impulslons d'intensIt6 surviennent A   35  (D34) et un condensatour (C4)
destin~s A redres- des intervalles mutuollsment oxclusifa pendant    ssr
lea impulsions d'intensit6 dona un socond en- une p~rnode donn6a dudit
signal do commutation   roulement CW4) dudit transformateur (1), qui sont 



(VIS).                              ~~~~~~~~~~~~g6n6rdos A partir dudkI
premier ensemble d'imr- pulelons d'lntensitb (Ipi) afOn do d6liwrer une se-
5.Una alimentation conforme A la Revendication 1   4o  condo tension
d'aiimentation (V4) dana ledit caract6rIa~e en cs quo ledit second ensemble
condensateur, ladite seconde tension d'aiimenta- d'impuisions d'lntensitd
(ip2) eat gdndrd dnen ia-  tIon dtant coupIde audit second moyen de dite
inductance (WI) et en co qu'une impulsion    commutation (02) afin do
gdn~rer le second en- d'intensft6 donn6o d'un doedits premiers ensem-
semble d'impuisions d'intensit6 (ip2) A partir do bios d'impulsions
d'lntenslt6 (ipl) eat g6n6r6e A   45  ladlte seconds tension
d'alimentation. proximlltA d'une Impulsion d'intensit6 donn6s du- dit
second ensemble d'impulsions d'intensitfi do  12. Uno alimentation conform.
A la Revendication 10 sorte qu'iI n'existe aucun d6calage tomporol on-
caract6risie en ces quo ledit second moyon do tre lea Impulsions
adjacentes.                    commutation (02) couple une seconde tension
so      d'allmentation (V4) audit premier enroulement 6. Une alimentatlon
conforme Ai Ia Revondlcation I   (WI) dudit transformateur af in do g6n6rer
une int6grant 6galement un moyen (GOMP I, COMP        impulsion donn~e
dudit second ensemble d'im- 2) destin6 A dhsactiver le processus; de
g6n6ra-  pulsions d'intensitb (ip2), et en ce quo ladite sour- tion dudit
-second ensemble d'impulsions d'lnten-  ce (107) do tension d'allmentation
(VM) oat s1- siti (Ip2) ioes d'une aeconde partie (TI, Fig. 2g)  55
muitan6ment d~couplA. dudit premier enroule- do ladite piriode do ladito
tension d'alimentation  ment, pendant une partie d'une p~riode donn~s (VM),
aux alentours do ladite tension crate de la-  dudit signal do commutation.
dite tension d'alimentation. 12 * C   L  H4   S    23                  EP O
588 843 B1                 24 13. Unealimentatlonoonfome Aa Revendication
10        tension d'alimentatlon redressee (VI) de sorto caracterise en co
quo ledit second ensemble        que ladi tension d'alimentatlon redress6e
solt d'lmpulsions d'intensit6 (ip2) est genere par en-  gbneree sans
filtrage passe-bas par rapport a trelacementdes intbnsites (Fig. 1) par
rapport au-  unefr6quence (50 Hz) etd'harmoniques de poids dit premier
ensemble d'impulsions d'lntbnsti   5   faible de ladite tension
d'alimentation; (pi1).                                             un
premiermoyen de commutation (01) sensible A un signal de commutation (V16)
A unefrequen- 14. Uno alimentation conformo A la Revendication 10   co
(20-50 IiHz) largement superieure A une fr6- caracterb6e en co quo ledit
second ensemble        quence (50 Hz) de ladite tension d'alimentatlon
d'impulsions d'lntonsiti (Ip2) eat g6n6ree par  lo  afin de generer un
premier ensemble d'impul- superposition des intonsites (FIg. 4) par rapport
sons d'intensith (ipi) dans led it premier enroule- audit premier ensemble
d'impulsions d'intensith    ment ; et (Ipi).
un moyen (W4, 034) dhlivrant une secondo ten- sion d'alimentation (V4); 15.
Une alimentation conforme ala Revendlcation 10   15  caractirlsi par
comprenant egalement, un moyen (D4", Fig. 7)       un second moyen
d'alimentatlon (Q2) couplI au- destini A gen6rer une seconde tension
d'alimen-    dit transformateur et synchronIsh avec ledit pre- tation (dans
C4") A partir de ladite tension d'all-  mlermoyen de commutation afin de
connecterla- mentatlon (VM") via un chemin d'lntensite (D4")    dite
seconde tension d'alimentatlon redressie qul exclut ledit transformatour
(W1", W2"), carao-  20  audit transformateur et de d6connecter ladit Kr
terlse en ce que ladite seconde tension d'allmen-   premiere tension
d'alimentation redressee dudit tation est coupl6e via ledit second moyen de
transformateur pour generer, dans ledit transfor- commutation (Q2") audit
transformateur (WI",       mateur, A partir de ladite seconde tension
d'ali- W2") afin de gen6rer ledit second ensemble d'im-   mentation
redress6e, un second ensemble d'im- pulsions d'intensite (Ip2").
25      pulsions d'intensiti Qp2), de sorte qu'une impul- son d'intensi6t
donnee dudit premier ensemble 16. Une alimentation conforme & la
Revendication 10   d'impulsions d'intnsite et une impulsion d'lnten-
comprenant egalement, un redresseur (102) cou-     site donn6e dudit second
ensemble d'impulsions p1 A ladite source d'alimentation (107) afin de re-
d'lntensiMt surviennent, pendant une periode de- dresser ladite tension
d'alimentatlon (VM) pour  30  finie dudit signal de commutation, lesdits
premier gen6rer une tension d'alimentation redressee       et second
ensembles d'impulsions d'intensit6 (VI) qui eat couplee audit
transformatour (T), ca-  etant couples par transformateur, par l'interm6-
racterisie once que ladite tension d'alimentatlon  dialre dudit
transformatbur A circuit de charge redressee est prodult A partir de laditb
tension  (LOAD) pour g6nerer dans ledit circuit de charge, 



d'allmentation sans flitrage passe-bas par rap-  35  une tension
d'alimentation de sortie (V2) et une port A une fr6quence (50 Hz) de ladite
alimenta-   intensit6 d'alimentation de sortie (iL) tion. 19. Une
alimentation conformo A la Revendication 18 17. Unealimentation conforms
Ala Revendicatlon 10     comprenant egalement, un moyen (COMP 1, V'
caracteris6e on ce que, pendant ladito periode   40  COMP 2) destin6 A
desactiver la gen6ration dudit donnee de ladite tension d'alimentation
(VM), le   second ensemble d'impulsions d'intensite (Ip2) rapport entre
l'amplitude dune impulsion d'inten-  lors d'une partie (TI) d'une periode
de ladit ten- sWt6 dudit premier ensemble d'impulsions d'intbn-  son
d'alimentation (VM), aux alentours d'une site (Ip1) et le niveau de ladite
tension d'alimen-  tension crbte de ladit tension d'allmentation. tation
(VM) qul pr6vaut pendant ladite Impulsion   45 d'intensit6 donn6e dudit
premier ensemble d'im-  20. Une alimentation conforme A la Revendication 18
pulsions d'intensite, eat largement constant A     caracterisee on ce quo
ledit second ensemble chaque impulsion d'intensite.
d'mpulsions d'intensite (ip2) est gbnere pendant une partle (T2) d'une
perlode de ladite tension 18. Una alimentation en mode commute compre-  5o
d'alimentation (VM) lorsque les amplitudes dudit nant:
premier ensemble d'impulsions d'intensite dimi- une source (107) de tension
d'alimentation CA      nuentfortement. (VM); un transfornateur de retour
(T);                21. Une allmentation conforme A la Revendication 18 un
redresseur (102) coupl6 A ladite source d'ali-  us  caracterisee en ce quo
ledit second ensemble mentation afin de redresser ladite tension d'ali-
d'impulsions d'intensit (ip2) est genere par en- mentation pour generer,
dans un premier enrou-     trelacementdes intensiths (Fig. 1) par rapport
au- lement (WI) dudit transformateur, une prmleIre     dit premier ensemble
d'lmpulsions d'inbtnsltt 13 1   1111111111111 1111    25
EP 0 588 843 B1                   28 (ipi). 22. Unealimentation conforms A
la Revendlcation 18 caracthris6e en ce que ledit second ensemble
d'impulsions d'intensit6 (ip2) eat g6ndrd par   a superposition des
intensitis (Fig. 4) par rapport audit premier ensemble d'impulsions
d'intensit6 (ipi). 10 15 20 25 30 35 40 45 50 55 14 .
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