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first electrical signal, coupled in series with a first end of the primary
winding for periodically coupling This Invention relates generally to power
con-  the primary winding to the source; a second switch, verters and, more
particularly, to double-switched  responsive to a second electrical signal,
coupled in flyback converters.                            5   series with a
second end of the primary winding, Modern electronic systems require power
regu-   both switches being closed when the source is lation to condition
the output of the primary power  energizing the transformer; a charge
pumping cir- source. Power converters provide a regulated DC    cult,
including a first of the secondary windings, for voltage from a primary DC
source. Conventional     closing the first switch when the energy transfer
is DC/DC converters are generally of the push-pull or  io  completed; an
output circuit, operable in response switching regulator type.
to the energy transfer and including a third of the A flyback converter
uses a switching regulator  secondary windings, for producing an output DC
to cyclically store and transfer energy from a pri-  voltage; a pulse width
modulation control circuit, mary DC source through a power transformer to
an   which has to be synchronised with the remainder of output circuit. The
primary winding of the power  15  the circuit, to open and close the second
switch; transformer is connected to the primary DC source;  and a
controller for opening the second switch to the secondary winding is
connected to the output   initiate an energy transfer from the primary
wind- circuit. The switching regulator alternately opens  ing. and closes a
switch connecting the primary DC          In known converters such as that
above, tran- source to the primary winding of the transformer.  20  sients
in the primary DC source or output load may This switching action defines a
power cycle which  impose undesirable stresses in the converter cir-
inductively couples the primary DC source to the   cuit. For instance, a
surge in the input voltage may output circuit.
transfer excess energy to the primary winding dur- The power cycle of the
converter comprises     ing the primary conduction cycle; during the subse-
two parts: a primary conduction cycle and a   26  quent flyback cycle, the
PWM circuit may com- flyback cycle. During the primary conduction cycle,
mand the transistor switches "on" before the en- the switch is closed,
transferring energy from the  ergy transfer to the secondary winding is
complete. primary DC source to the primary winding of the    This condition
imposes high stress currents on power transformer. At a preset power level
in the  both the transistor switches and the power trans- primary winding,
the switch is opened, starting the   3o  former, leading to possible
component failure. This flyback cycle. During this cycle, energy is coupled
condition occurs because the PWM circuit is blind through the secondary
winding into a rectified out-  to the exact status of the energy transfer
at the put circuit.                                       power
transformer. Therefore, it is desirable to The amount of energy stored per
cycle is        monitor the status of the energy transfer at the controlled
by regulating the switching action. Gen-  35  transformer windings to
provide for more efficient erally speaking, a pulse width modulating (PWM)
switching action. circuit regulates the switching action by varying the
The invention overcomes the above-noted and pulse width or "on" time of the
switches. Negative  other drawbacks of the prior art by providing a
feedback of the output voltage is frequently used in  flyback
power-converter characterised by: conjunction with the PWM circuit to
provide output  40  a current monitor for monitoring the current in voltage
regulation.                                the primary winding A
double-switched flyback converter uses two       a controller comprising
control logic which is switches in series and on opposite ends of the
responsive to a preselected current level in the primary winding of the
transformer. The switches,  primary winding, for opening the second switch
to typically, are high voltage transistors driven by a   45  initiate an
energy transfer from the primary wind- gate drive transformer connected
directly to the   ing; and PWM circuit. The PWM circuit, acting through the
a second charge pumping circuit, including a gate drive transformer, biases
the gates of the    second of the secondary windings, for closing the
transistor switches to the "on" state, storing energy  second switch when
the energy transfer is com- in the primary winding during the primary
conduc-  50  pleted. tion cycle. The gates of the transistor switches are
During the primary conduction cycle, a current subsequently biased to the
"off" state during the  sensing means monitors the primary winding cur-
flyback cycle.                                     rent and signals a
control logic circuit at a pre- US-A-4594649 discloses a flyback power con-
determined current level. The control logic circuit verter for developing a
regulated output of DC   65  then turns off the second switch, forcing the
power power from a DC source, the converter having a     transformer into
the flyback mode of operation. power transformer including a primary
winding and     When the stored energy in the primary winding secondary
windings; a first switch, responsive to a  is depleted, the charge pumping
circuit pumps the 2    



3                 EP 0 367 380 B1                   4 charge stored from
the flyback cycle into the     switched flyback power-converter 20.
switches. The switches turn on, returning the         A conductor 26
connects the positive side of double-switched flyback power converter to
the pr-  the high voltage DC supply to one side of a first mary conduction
cycle. The total power cycle is   high-voltage switch 28. A second
high-voltage now complete and ready to repeat.             5   switch 32
connects to the negative side of the high The above-noted and other aspects
of the       voltage DC supply through a conductor 33. The present
invention will become more apparent from  primary winding of a power
transformer 30 con- a description of the preferred embodiment when    nects
In series between the first high voltage switch read in conjunction with
the accompanying draw-   28 and the second high voltage switch 32. ings.
10      During the primary conduction cycle, the power The drawings
illustrate the preferred embodi-  transformer 30 receives current through
the high- ment of the invention, wherein like members bear  voltage
switches 28 and 32. A current monitor 34 like reference numerals and
wherein:              measures the current passing through the high Fig. 1
illustrates a double-switched flyback   voltage switches 32 and 28 and the
primary wind- power-converter in a block diagram form;   is  ing of the
transformer 30. The current monitor Fig. 2 illustrates a circuit diagram of
the double-  converts the current to a voltage level and sends switched
flyback power-converter used in the   the voltage level to the control
logic circuit 36. The preferred embodiment of the disclosed inven-
control logic circuit 36 ends the primary conduction tion;
cycle by turning off the second high voltage switch Fig. 3 illustrates a
waveform diagram of the   2o  32, beginning a flyback or a power conversion
circuit diagram illustrated in Fig. 2;         cycle. Energy stored in the
power transformer 30 Fig.4 illustrates an alternative rectifier and filter
during the primary conduction cycle is depleted circuit enabling the
double-switched flyback    during the flyback cycle by current generated in
power converter to operate from different line  the secondary windings of
the power transformer voltages.                                  25  30. A
power output rectifier and filter circuit 38 Fig.5 depicts a known,
double-switched flyback  connected to one of the secondary windings rec-
power-converter.                               tifies and filters a major
portion of the secondary Fig.5 depicts a known flyback power-regulator
current. 10. A PWM circuit 200 provides duty cycle switch-    Upon
transformer flux depletion during the ing to a gate-drive transformer T21.
An error amp   3o  flyback conversion cycle, current stops flowing in input
feedback line 202 indicates to the PWM cir-  the secondary windings. Flux
depletion allows the cuit variation of the voltage out of the power-regula-
double-switched flyback power converter to begin tor 10 from  a reference
(not shown). Current     the primary conduction cycle. This characteristic
through a primary winding 204 of the gate-drive   overcomes the dangers of
making connection to a transformer T21 creates a flux that is coupled to a
35  charged inductive circuit with the corresponding pair of secondary
windings 206 and 208. Flux re-  risk to semiconductor components. versal at
the secondary windings 206 and 208         Fig.2 provides a more detailed
depiction of the drives the gates of a pair of switches represented
double-switched flyback power-converter 20. A pair by transistors Q11 and
Q21. When transistors Q1l  of diodes, CR6 and CR7, rectify the 110 VAC line
and Q21 conduct, flux builds up in a primary wind-  40  voltage. Current
flows through rectifier diode CR6 ing 210 of a transformer T1 1. A
subsequent pulse  during the positive half of the input cycle, charging to
the gate-drive transformer T21 opens the switch-  a smoothing capacitor C1
to approximately 150 V. es Q11 and 021 to initiate the flyback cycle at the
Current flows through rectifier diode CR7 during transformer T11. A diode
CR31 rectifies the voltage  the negative half of the input cycle, charging
a developed at the secondary 212 of the transformer  45  smoothing
capacitor C2 to approximately 150 V. T1 1, which voltage is filtered by
capacitor C11. A  The negative side of capacitor C2 is grounded; the
resistor RL represents the load. A current sense  positive side of the
capacitor C2 connects to a resistor R11 provides a signal to the PWM
circuit  conductor 40 and remains at approximately 150 V. indicative of the
primary current at transformer T11.  The negative side of the capacitor C1
connects to Line 202 and R11 indicate to the PWM 200 when   so  the
conductor 40; the positive side of capacitor C1 to end a primary conduction
cycle and allow stored  connects to conductor 26 and is approximately 300
energy to be transferred to the secondary winding  V above ground.
Resistors R1 and R2 bleed cur- 212.
rent from capacitors C1 and C2 respectively. Fig. 1 depicts a
double-switched flyback          The power transformer 30 includes a
primary power-converter 20 in block diagram form. A 110  55  winding 46, a
first secondary winding 48, a second VAC line 22 provides input power to a
rectifier and  secondary winding 50, and a third secondary wind- filter
circuit 24. The rectifier and filter circuit 24  ing 52. A dot 54 at one
end of each winding shows provides a high voltage DC supply to the double-
the polarization of the windings. For consistency, 3    



5                 EP 0 367 380 B1                    6 the end of a winding
having a dot will be referred  tor. to as the first end of the winding, and
the opposite    As the current increases through the primary end of the
winding will be referred to as the second  winding 46, a voltage
representative of the current end of the winding. A first end 55 of the
primary  is developed across the resistor R5. Control logic winding 46 is
connected to the 300 V supply via an   5   circuit 36 monitors this
voltage. At a predetermined enhancement mode MOSFET transistor Q1. A sec-
voltage level, control logic circuit 36 turns on a ond end 57 of the
primary winding 46 is connected  MOSFET transistor Q3 which discharges the
gate to ground via a second enhancement mode MOS-       of transistor 02 to
ground. Transistor.Q2 turns off, FET transistor Q2 and a resistor R5.
Transistors 01  breaking the current path through the transformer and Q2
are the high voltage switches 28 and 32,  10  primary winding 46. A flux
reversal occurs, induc- respectively, of Fig. 1.
ing a voltage of opposite polarity across the win- A first end of the first
secondary winding 48   dings of the power transformer 30. Capacitors C3
connects to a capacitor C3. A second end of the    and C4 couple this
voltage reversal to the gates of first secondary winding connects to the
source S of  the transistors 01 and 02 respectively. The gates transistor
01. Current from the 300 VDC supply  15  of transistors Q1 and Q2 rapidly
discharge to one flows through a resistor R3 to initially charge the  diode
threshold voltage drop below their respective gate of transistor 01.
Thereafter, the gate of Q1 is  sources, turning off transistor Q1 and
ensuring tran- controlled by a circuit comprising the first secon-  sistor
Q2 remains off. Zener diode CR1, being dary winding 48, the capacitor C3
and a zener      forward biased, maintains a diode threshold drop diode
CR1.                                    20  across the gate of transistor
Q1. Zener diode CR2, A first end of the second secondary winding 50  being
forward biased, maintains a diode threshold connects to a capacitor C4. A
second end of the    volt drop across the gate of transistor Q2. Clamp-
second secondary winding connects to the source    ing diodes CR3 and CR4
protect the transistors 01 S of transistor Q2. Current from the 150 VDC
and 02 respectively from voltage overshoot which supply flows through a
resistor R4 to initially  25   may occur when the primary current in the
power charge the gate of transistor 02. Thereafter, the  transformer 30 is
interrupted. gate of 02 is controlled by the circuit comprising     Turning
off transistors Q1 and 02 forces the the second secondary winding 50, the
capacitor C4  double-switched flyback power converter 20 into and a zener
diode CR2.                             the flyback cycle. The third
secondary transformer winding 52   3o    During the flyback cycle, most of
the energy drives current through the output circuit 38 during  stored
during the primary conduction cycle is the flyback cycle of the
double-switched flyback   transferred to the power output circuit 38. The
power-converter 20. A diode CR5 rectifies the out-  energy stored in the
power transformer 30 is a put current which is then filtered by a capacitor
C5.  function of the level of the primary current at the A resistor RL
represents a load connected to the   35  end of the primary conduction
cycle; this current is power output circuit.
then absorbed during the flyback cycle by current A resistor R5 is
connected between the source  induced in the secondary windings 48, 50, and
52. of transistor Q2 and ground. The resistor R5 serves  The major portion
of this current is induced into the as the current monitor 34 of Fig. 1,
generating a  third secondary winding 52, charging the capacitor voltage
proportional to the current flowing through   40   C5 through the forward
biased diode CR5. The the primary winding 46 of the power transformer
remainder of this secondary current is induced into 30.
the first and second secondary windings 48 and During the primary
conduction cycle, transis-   50. The first secondary winding 48 charges the
tors 01 and Q2 are turned on. Initially, the gates of  capacitor C3 through
the forward biased diode transistors 01 and 02 are charged in a positive
45  CR1; the second secondary winding 50 charges direction through
resistors R3 and R4 respectively.  the capacitor C4 through the forward
biased diode As Q1 and 02 begin to turn on, current flowing     CR2.
through the transformer primary winding 46 in-         The secondary
currents fall as a function of duces voltage onto the secondary windings
48, 50,  time and of the mutual inductance of the trans- and 52. Capacitors
C3 and C4 transfer this induced   50  former windings. As the secondary
current reaches voltage to the gates of transistors Q1 and Q2      zero,
the flux reverses direction. With this flux respectively. This increases
the positive charge on  change, a voltage reversal occurs across all of the
the gates and rapidly turns the transistors Q1 and  transformer windings.
Capacitors C3 and C4, hav- Q2 into full conduction.
ing charged up during the flyback cycle, pump The zener diodes CR1 and CR2
limit the gate  55  charge into the gates of transistors 01 and 02 to
source voltage of the transistors 01 and Q2 to  respectively. The
transistors Q1 and Q2 turn on, approximately 15 V, providing over-voltage
protec-  forcing current to build up in the primary winding tion between
the gate and source of each transis-  46. The primary cycle then proceeds
under the 4    



7                 EP 0 367 380 B1                   8 control of the
control logic circuit 36. The total  zero at input 60, the output 64 of the
NAND gate power cycle is now ready to repeat.               62 goes to a
logical one. The logical one at the The control logic circuit 36 comprises
NAND    output 64 of the NAND gate 62 positively charges gates 62, 63, and
68, a voltage reference circuit 92,  the gate 66 of the enhancement mode
MOSFET a voltage comparator 56, the enhancement mode   5   transistor 03.
Transistor 03 turns on and dis- MOSFET transistor 03, a voltage sensing
bipolar   charges the gate of transistor 02 towards ground, transistor Q4,
and a start-up circuit 94.        turning off the transistor Q2. This ends
the primary The control logic circuit receives a regulated  conduction
cycle. DC supply of, for example, +12 V from the 110        The effect of
transistor Q3 turning on, com- VAC line.
io  bined with the subsequent voltage reversal across The start-up circuit
94 has the first end of a  the second secondary transformer winding 50, im-
resistor 74 connecting to the + 12 V supply. The  poses a reverse bias
across the base-emitter junc- second end of the resistor 74 connects to the
first  tion of transistor 04. Transistor Q4 turns off, allow- end of a
capacitor 76 and the cathode of a diode  ing a pull-up resistor 72 to raise
the collector of Q4 78. The second end of the capacitor 76 connects  15  to
approximately +12 volts, establishing a logical to ground. At the time of
initial power-up of the  one at the input 95 of NAND gate 68. The input 96
double-switched flyback power-converter 20, the   of NAND gate 68, being
connected to the output of capacitor 76 holds the cathode of the diode 78
to  NAND gate 64, is a logical one. The output of near ground potential.
The anode of the diode 78  NAND gate 68 is, therefore, a logical zero. The
holds an input 60 of the NAND gate 62 one diode   20  output of NAND gate
68 connects to the input 97 of threshold voltage drop above ground, which
is at a  NAND gate 63. The input of NAND gate 63 being a logical zero. An
output 64 of the NAND gate 62 is  logical zero establishes a logical one at
the output thus forced to a logical one, charging the gate of  of NAND gate
63. The output of NAND gate 63 the transistor Q3 and turning the transistor
03 on.  connects to the input 70 of NAND gate 62 and By discharging the
gate of Q2, transistor Q3 holds   26  holds the input 70 at a logical one.
off transistor 02, preventing current from passing   Turning off transistor
02 reduces the voltage through the primary winding 46 of the power trans-
across the resistor R5 to zero. Hence, the negative former 30.
input 86 of the comparator 56 falls below the The start-up circuit 94
allows the control logic  reference voltage. The output 58 of the
comparator circuit 36 to stabilize before the double-switched   30  56
returns to a logical one level. This logical one flyback power converter 20
begins to function. After  level is transferred to the input 60 of the NAND
a time period determined by the time constant of  gate 62. Since the input
70 of the NAND gate 62 resistor 74 and capacitor 76, capacitor 76 charges
has been set to a logical one, the output 64 of the towards the + 12 V
supply, enabling the input 60 of  NAND gate 62 goes to a logical zero. The
gate of the NAND gate 62 to be controlled by the voltage  35  enhancement
mode MOSFET transistor 03 dis- comparator 56.
charges, turning off the transistor Q3. The logical The first end of a
resistor 82 connects to the  zero at the output 64 of NAND gate 62 is con-
+ 12 V supply. The second end of the resistor 82  nected to the input 98 of
NAND gate 63; the output connects to the cathode of a zener diode 84 and to
of NAND gate 63 is forced to a logical one, estab- the positive input of
the comparator 56. The anode   40  lishing a logical one at the input 70 of
NAND gate of the zener diode 84 connects to ground. Resistor  62. The logic
circuit made up of the NAND gates 82 is selected to allow sufficient
current to pass  63, 64, and 68, remains in a stable state until the
through the zener diode 84, providing a stable    voltage comparator 56
detects the peak current reference voltage at the positive input 88 of
corm-  during the next primary conduction cycle. parator 56. The zener
voltage characteristic of the   45  At the start of the next primary
conduction zener diode 84 determines the value of the refer-  cycle, the
voltage induced across the second sec- ence voltage. Diodes with different
zener values  ondary winding 50 drives current through the base may be used
to change the reference voltage.      of transistor Q4. Transistor 04 turns
on, establish- During the primary conduction cycle, the volt-  ing a
logical zero at the input 95 of NAND gate 68, age generated across the
current monitor resistor  6o  forcing the output of NAND gate 68 to a
logical R5 appears at the negative input 86 of the com-   one. A resistor
R6 limits the base current in transis- parator 56. The positive input 88 of
the comparator  tor 04. 56 has a reference voltage of, for example, 2.5
Fig.3 depicts a waveform diagram demonstrat- volts. When the monitored
voltage across resistor  ing the operation of the double-switched flyback
R5 exceeds the comparator reference voltage, the   55  power converter 20.
Waveform VR5 refers to the output 58 of the comparator 56 changes to a
logi-  voltage across resistor RS. Waveform Gis depicts cal zero. The
logical zero is transmitted to the input  the voltage at the source of
[err] with respect to 60 of the NAND gate 62. On receiving the logical
ground, etc. 5    



9                 EP 0 367 380 B1                   10 Starting  with  the
double-switched  flyback   by interval 124. The voltage across the third
secon- power-converter 20 in the primary conduction cy-   dary winding 52
is transformed onto the primary cle, the zener diode CR1 limits the
gate-to-source  winding 46 of the transformer. The interval 126 voltage of
the transistor Q1 to approximately 15 V  depicts the voltage of the source
of transistor 01. as depicted by interval 100. The source of transis-   5
The interval 128 depicts the voltage of the drain of tor 01 is a small
voltage drop below the 300 VDC  transistor 02. level determined by the ON
resistance of transistor  Although transformer 30 has three secondary 01
and is depicted by interval 104.               windings, more secondary
windings may be added The zener diode CR2 limits the gate to source  to
generate different power outputs of different voltage of the transistor Q2
to approximately 15 V   10  voltage and current ratings. and is depicted by
interval 102. The drain of tran-  The double-switched flyback power supply
20 sistor 02, depicted by interval 106, is a little above  may be regulated
by ways commonly known by the ground level depending on the voltage drop
those in the art. Typically, the output voltage or across resistor R5 and
the ON resistance of tran-  output current is compared to a reference value
in sistor Q2.                                   is  the output circuit. A
discrepancy between the out- The potential difference of approximately 300
V  put value and the reference value generates an maintained across the
primary winding 46 causes   error signal. The error signal is amplified and
the current to ramp nearly linearly through the   summed into the control
logic circuit 36. One con- primary winding of the power transformer 30. The
venient point of insertion would be the negative primary current increases
through the resistor R5,  20  input 86 to the voltage comparator 56. If,
for exam- generating the voltage [err] depicted by interval   ple, the
output voltage is being regulated, an in- 108.
crease in the output voltage increases the voltage A test point TP1
connects to the first end of  at the input 86 of the comparator 56. The
compara- the second secondary winding 50. The amplitude    tor will respond
to a lower primary current. Less of the voltage at TP1, as depicted by
interval 110,  25  energy is stored in the transformer; during the is about
30 V and is a function of the turns ratio  flyback cycle less current
passes into the power between the second secondary winding 50 and the
output circuit lowering the output voltage. The out- primary winding 46.
Referring again to Fig.2, this  put current may be controlled in a similar
way. 30 V is connected to the base of transistor Q4,      Although the high
voltage switches of the pre- requiring the resistor R6 to limit the current
through  30  ferred embodiment are enhancement mode MOS- the base of
transistor Q4.                        FET transistors, other types of
semiconductor Referring again to Fig.3, a negative voltage, as  switching
devices may be used, with appropriate depicted by interval 112, appears
across the diode  circuit modification, without withdrawing from the CR5.
The diode CR5 is reverse biased, preventing  scope of the invention.
current conducting into the output circuit.  36      The preferred
embodiment described above As the voltage [err] attains the value of the
has a 300 VDC supply and a 150 VDC supply. reference voltage of, for
example 2.5 V, the control  Fig.4 depicts an alternative rectifier and
filter circuit logic circuit 36 charges the gate of transistor Q3 to  24
having a removable jumper. With the jumper in approximately + 12 V as
depicted by interval 114.  place, the circuit provides 300 V and 150 V and
will Transistor Q3 turns off transistor Q2, forcing the   40  operate from
a 110 VAC supply. With the jumper double-switched flyback power converter
20 into   removed, the circuit requires approximately 220 the flyback
cycle. The resulting transformer action  VAC and provides a single 300 V
supply. Referring discharges the gate of transistor 02 to approxi-  to
Fig.2, the resistor R4 is the only part of the mately 1 V below ground,
clamped by the forward   circuit connected to the 150 V supply. The
resistor biased diode CR2. This action is depicted by line  46   R4 may be
connected to the 300 V supply by 116. Similarly, the gate of transistor 01
is dis-  increasing the value of the resistor R4 to provide a charged to a
negative value and clamped to ap-    similar charge current to the gate of
transistor Q2. proximately 1 V below ground by the forward bi-   Other
supply voltages may be accommodated by ased diode CR1. This action is
depicted by interval  changing the turns ratio of the transformer as 118.
The voltage at test point TP1 goes negative  so  known by those skilled in
the art. by approximately 18 V, depicted by interval 120. The transistor Q4
turns off, enabling the control  Claims logic to discharge the gate of
transistor 03, de- picted by interval 122, soon after the decay of   1. A
flyback power-converter for developing a voltage VR5. Meanwhile, the
primary current at-  55   regulated output of DC power from a DC tained
during the primary conduction cycle is coup-   source (24), the power
converter comprising: led into the secondary windings. The diode CR5 is
a power transformer (30) including a pri- forward biased to a value of less
than 1 V, depicted  mary winding (46) and secondary windings 6    



9                 EP 0 367 380 B1                   10 Starting  with  the
double-switched  flyback  by interval 124. The voltage across the third
secon- power-converter 20 in the primary conduction cy-  dary winding 52 is
transformed onto the primary cle, the zener diode CR1 limits the
gate-to-source  winding 46 of the transformer. The interval 126 voltage of
the transistor Q1 to approximately 15 V  depicts the voltage of the source
of transistor Q1. as depicted by interval 100. The source of transis-   5
The interval 128 depicts the voltage of the drain of tor Q1 is a small
voltage drop below the 300 VDC   transistor 02. level determined by the ON
resistance of transistor   Although transformer 30 has three secondary Q1
and is depicted by interval 104.                windings, more secondary
windings may be added The zener diode CR2 limits the gate to source  to
generate different power outputs of different voltage of the transistor Q2
to approximately 15 V   10  voltage and current ratings. and is depicted by
interval 102. The drain of tran-   The double-switched flyback power supply
20 sistor Q2, depicted by interval 106, is a little above  may be regulated
by ways commonly known by the ground level depending on the voltage drop
those in the art. Typically, the output voltage or across resistor R5 and
the ON resistance of tran-  output current is compared to a reference value
in sistor Q2.                                    15  the output circuit. A
discrepancy between the out- The potential difference of approximately 300
V  put value and the reference value generates an maintained across the
primary winding 46 causes    error signal. The error signal is amplified
and the current to ramp nearly linearly through the   summed into the
control logic circuit 36. One con- primary winding of the power transformer
30. The   venient point of insertion would be the negative primary current
increases through the resistor R5,  20  input 86 to the voltage comparator
56. If, for exam- generating the voltage VR5 depicted by interval     ple,
the output voltage is being regulated, an in- 108.
crease in the output voltage increases the voltage A test point TP1
connects to the first end of  at the input 86 of the comparator 56. The
compara- the second secondary winding 50. The amplitude    tor will respond
to a lower primary current. Less of the voltage at TPI, as depicted by
interval 110,  25  energy is stored in the transformer; during the is about
30 V and is a function of the turns ratio  flyback cycle less current
passes into the power between the second secondary winding 50 and the
output circuit lowering the output voltage. The out- primary winding 46.
Referring again to Fig.2, this  put current may be controlled in a similar
way. 30 V is connected to the base of transistor Q4,       Although the
high voltage switches of the pre- requiring the resistor R6 to limit the
current through   30  ferred embodiment are enhancement mode MOS- the base
of transistor Q4.                         FET transistors, other types of
semiconductor Referring again to Fig.3, a negative voltage, as  switching
devices may be used, with appropriate depicted by interval 112, appears
across the diode  circuit modification, without withdrawing from the CR5.
The diode CR5 is reverse biased, preventing  scope of the invention.
current conducting into the output circuit.   35      The preferred
embodiment described above As the voltage VR5 attains the value of the
has a 300 VDC supply and a 150 VDC supply. reference voltage of, for
example 2.5 V, the control  Fig.4 depicts an alternative rectifier and
filter circuit logic circuit 36 charges the gate of transistor Q3 to  24
having a removable jumper. With the jumper in approximately +12 V as
depicted by interval 114.      place, the circuit provides 300 V and 150 V
and will Transistor Q3 turns off transistor Q2, forcing the   40  operate
from a 110 VAC supply. With the jumper double-switched flyback power
converter 20 into   removed, the circuit requires approximately 220 the
flyback cycle. The resulting transformer action  VAC and provides a single
300 V supply. Referring discharges the gate of transistor Q2 to approxi-
to Fig.2, the resistor R4 is the only part of the mately 1 V below ground,
clamped by the forward    circuit connected to the 150 V supply. The
resistor biased diode CR2. This action is depicted by line   45  R4 may be
connected to the 300 V supply by 116. Similarly, the gate of transistor 01
is dis-  increasing the value of the resistor R4 to provide a charged to a
negative value and clamped to ap-     similar charge current to the gate of
transistor Q2. proximately 1 V below ground by the forward bi-    Other
supply voltages may be accommodated by ased diode CR1. This action is
depicted by interval  changing the turns ratio of the transformer as 118.
The voltage at test point TPI goes negative   50  known by those skilled in
the art. by approximately 18 V. depicted by interval 120. The transistor 04
turns off, enabling the control  Claims logic to discharge the gate of
transistor 03, de- picted by interval 122, soon after the decay of    1. A
flyback power-converter for developing a voltage VR5. Meanwhile, the
primary current at-  55   regulated output of DC power from a DC tained
during the primary conduction cycle is coup-   source (24), the power
converter comprising: led into the secondary windings. The diode CR5 is
a power transformer (30) including a pri- forward biased to a value of less
than 1 V, depicted  mary winding (46) and secondary windings 6    



11                 EP 0 367 380 B1                     12 (48,50,52);
prises a capacitor [err] coupled to the gate (G) a first switch [err]
responsive to a first       of the second switch (02). electrical signal,
coupled in series with a first end of the primary winding for periodically
5. A power converter according to any of claims coupling the primary
winding to the source;  5      2 to 4, wherein the means for sensing the a
second switch (Q2), responsive to a sec-       preselected current level in
the primary wind- ond electrical signal, coupled in series with a     ing
comprises a resistive element [err] second end of the primary winding, both
switches being closed when the source is en-     6. A method of converting
a first DC voltage level ergizing the transformer;                   10
to a second DC voltage level, comprising the a first charge pumping circuit
(C3), includ-     steps of: ing a first (48) of the secondary windings, for
providing the first DC voltage level to the closing the first switch when
the energy trans-     primary (46) of a flyback transformer (30); fer is
completed;                                       commencing a primary
conduction cycle an output circuit, operable in response to  is   by
shutting a switch [err] in series with the the energy transfer and
including a third (52) of    primary winding; the secondary windings, for
producing an out-           storing energy in the primary winding of put DC
voltage; and                                 the transformer during the
primary conduction a controller (36) for opening the second         cycle;
switch to intitiate an energy transfer from the   20    sensing the current
in the primary winding primary winding;
of the transformer and, at a predetermined characterised in that
current level, commencing a flyback cycle, a current monitor (34) is
provided to moni-      during which energy is transferred to secon- tor the
current in the primary winding;             dary windings (48,50,52) of the
transformer; the controller (36) comprises control logic  25     depleting
most of the energy in the secon- responsive to a preselected current level
in the    dary windings in a load secondary winding (52) primary winding to
open the second switch           and applying the remaining portion of the
en- (Q2); and by                                        orgy in the
secondary winding to a charge a second charge pumping circuit [err] in-
pump circuit [err] the charge pump circuit cluding a second (50) of the
secondary win-  3o     controlling the shutting of the switch [err] in
dings, for closing the second switch when the       series with the primary
winding; and energy transfer is completed.                           when
the energy stored in the primary winding is substantially depleted,
shutting the 2. A  power-converter according to claim  1,            switch
to commence another primary conduc- wherein said current monitor (34)
comprises  35     tion cycle. means [err] for sensing the preselected
current level in the primary winding (46);       7. A regulated DC power
supply having a flyback and wherein said controller (36) further
power converter according to any of claims 1 comprises:
to 5. means [err] for sensing a voltage reversal  40 in the first or the
second of the secondary      PatentansprUche windings; a logic circuit,
responsive to the current   1. Leistungssperrwandler zum  Hervorbringen ei-
sensing  means and  the voltage sensing             ner geregelten Ausgabe
von Gleichstromlei- means, for generating a control signal; and  45
stung aus einer Gleichstromquelle (24). Der a control switch [err]
responsive to the         Leistungswandler umfaft: control signal, for
closing the second switch           einen  Leistungstransformator  (30)
ein- [err] via the second electrical signal.              schlieillich
einer Primirwicklung (46) und Se- kundgrwicklungen (48,50,52); 3. A
power-converter according to claim  1 or  50           einen ersten
Schalter [err] der auf ein claim 2, wherein the first switch [err] and the
erstes elektrisches Signal anspricht, in Reihe second switch [err] are
field effect transistors.    verbunden mit einem ersten Ende der PrimAr-
wicklung zum periodischen Verbinden der Pri- 4. A  power-converter
according  to claim  3,           mirwicklung mit der Quelle; wherein the
first charge pumping circuit further  55    einen zweiten Schalter (Q2),
der auf ein comprises a capacitor [err] coupled to the gate      zweites
elektrisches Signal anspricht, in Reihe (G) of the first switch (Qi) and
wherein the        verbunden mit einem zweiten Ende der Pri- second charge
pumping circuit further com-         mArwicklung, wobei beide Schalter
geschlos- 7    
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Quelle den Transformator     5. Leistungswandler nach einem der Ansprlche 2
erregt;                                            bis 4, worin die
Einrchtung zum Abtasten des einen ersten Ladungspumpenkreis (C3),
vorgewahlten Strompegels in der Prim~rwick- einschlieBlich einer ersten
(48) der Sekunddr-     lung ein Widerstandselement (Rs) umfaBt. wicklungen,
zum SchlieBen des ersten Schal-   5 ters, wenn die EnergieUbertragung
beendet ist;  6. Verfahren  zum  Umwandeln  elnes  ersten einen
Ausgabekreis, betriebsf~hig als Re-       Gleichspannungspegels  in  einen
zweiten aktion auf die Energieobertragung und enthal-
Gleichspannungspegel, umfassend die Schrit- tend eine dritte (52) der
Sekundlrwicklungen,      te: zum Erzeugen einer Ausgangsgleichspannung;
1o        Bereitstellen  eines ersten  Gleichspan- und
nungspegels an der Prim~rwicklung (46) eines elne Steuereinheit (36) zum
Offnen des         RUcklauftransformators (30); zweiten Schalters, um eine
Energie0bertragung          Beginnen eines primaren Leitungszyklus- von der
Prim~rwicklung einzuleiten;                ses durch SchlieBen eines
Schalters (Qi,Q2) in dadurch gekennzelchnet, daB          -S         Reihe
mit der Primarwicklung; ein StromOberwacher (34) bereitgestellt ist,
Speichem von Energie in der Primirwick- um den Strom in der Primarwicklung
zu Uber-        lung des Transformators wahrend des prima- wachen;
ren Leitungszyklusses; die Steuereinheit (36) eine Steuerlogik um-
Abtasten des Stroms in der Prim~rwick- faft, die auf einen vorgewAhlten
Strompegel in  20  lung des Transformators und, bei elnem vorbe- der
Prim~rwicklung anspricht, um den zweiten       stimmten Strompegel,
Beginnen eines Rack- Schalter (02) zu Mffnen; und durch
lauftyidusses, w~hrend dessen Energie an Se- einen zweiten
Ladungspumpenkreis (C4),          kundarwicklungen (48,50,52) des
Transforma- einschlieBlich einer zweiten (50) der Sekundar-    tors
Ubertragen wird; wicklungen, zum Schlieflen des zweiten Schal-  25
Abreichern der meisten Energie in den Se- ters, wenn die EnergieUbertragung
beendet ist.     kundirwicklungen in einer Lastsekund~rwick- lung (52) und
Anlegen des verbleibenden Tells 2. Leistungswandler nach Anspruch 1, worin
der         der Energie in der Sekund~rwicklung an einen Stromlberwacher
(34) umfaft                        Ladungspumpenkreis (C3,C4), wobei der
La- Einrichtung (Rs) zum Abtasten des vorge-  30    dungspumpenkreis das
SchlieBen des Schal- whilten Strompegels in der Primarwicklung
ters (0,,Q2) in Reihe mit der Primarwicklung (46);
steuert; und und worin die Steuereinheit (36) weiter            wenn die in
der Prim~rwicklung gespei- umfast:
cherte Energie im wesentlichen abgereichert Einrichtung (Re6) zum Abtasten
elner Span-  35  ist, Schlieflen des Schalters, um einen anderen
nungsumkehr in der ersten oder der zweiten         primaren Leitungszyklus
zu beginnen. der Sekund~rwicklungen; eine Logikschaltung, die auf die
Stromab-   7. Geregeltes Gleichspannungsnetzteil mit einem tasteinrichtung
und die Spannungsabtastein-        Leistungssperrwandler nach einem der
AnsprOl- >   richtung anspricht, zum Erzeugen eines Steu-  40   che 1 bis
5. ersignals; und elnen Steuerschalter (Q3), der auf das
Revendlcatlons Steuersignal anspricht, zum SchlieBen des zweiten Schalters
(Q2) Uber das zweite elektri-  1. Convertisseur d'6nergie a retour
horizontal per- sche Signal.                               45      mettant
la sortie de courant continu a regula- tion depuis une source de courant
continu 3. Leistungswandler nach Anspruch 1 oder 2,            (24), le
convertisseur d'6nergie comportant: worin der erste Schalter (Q1) und der
zweite           un convertisseur de courant (30) prdvoyant Schalter (Q2)
Feldeffektransistoren sind.          un enroulement primaire (46) et des
enroule- 50      ments secondaires (48,50,52); 4. Leistungswandler nach
Anspruch 3, worin der            un premier rupteur (Qi) repondant a un
erste Ladungspumpenkreis weiter einen Kon-         premier signal
electrique, raccord6 en s6rie a densator (C3) umfa~t, der mit dem Gate (G)
la premibre extrdmitd de l'enroulement primai- des ersten Schalters (Q1)
verbunden ist, und       re et assurant le raccord intermittent de l'en-
worin der zweite Ladungspumpenkreis weiter  55     roulement primaire & la
source; einen Kondensator (Ci) umfaBt, der mit dem             un deuxibme
rupteur (Q2) repondant a un Gate (G) des zweiten Schalters (Q2) verbunden
deuxibme signal electrique, raccorde en serie ist.
& la deuxieme extrdmit6 de l'enroulement pri- 8    
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lors de      raccorde A Ia grille (6) du premier rupteur (Q1) Ki
I'excitation du convertisseur;                     et dont le douxieme
circuit de pompage de un premier circuit (Co) de pompage de
charge comporte en outre un condensateur charge, comportant un premier (48)
des enrou-      (O4) raccordt & la grille (G) du deuxieme rup- lements
secondaires, pour former le premier   5    tour (Q2). rupteur suivant
l'execution du transfert d'6ner- gie;
5. Convertisseur d'energie selon l'une ou l'autre un circuit de sortie
forictionnant en rdpon-    des revendications 2 a 4, dont les moyens se au
transfert d'energie et comportant un troi-   capteurs de niveau
preselectionne de courant sibme (52) des enroulements secondaires,  10
d'enroulement primaire comporte un 4ldment pour assurer une tension de
sortie de courant      de resistance (Ri5). continu; et, une  commando
(36) d'ouverture  du         6. Mode de conversion d'un premier niveau de
deuxieme rupteur pour lancer un transfert          tension de courant
continu en deuxibme niveau d'energie depuis le premier enroulement; ca-  is
de tension de courant continu, comportant les racotrls6 en ce que
phases: un appareil de surveillance de courant (34)        d'amende du
premier niveau de tension de est prevu pour surveiller le courant de
I'enrou-   courant continu b l'enroulement primaire d'un lement primaire;
convertisseur d'6nergie de retour horizontal le regulateur (36) comporte
une logique de   20  (30) (30); commande repondant I un niveau prisdlec-
de commencement d'un premier cycle tionnd de courant de l'enroulement
primaire        conducteur par la fermeture d'un rupteur pour ouvrir le
deuxibme rupteur (Q2); et en ce     (QiQ2) en serie avec l'enroulement
primaire; quo                                                   la retenue
d'6nergie dans l'enroulement un deuxibme circuit (C4) de pompage de   25
primaire du convertisseur lors du cycle primai- charge, comportant un
deuxibme (50) des en-        re conducteur; roulements secondaires, pour
former le deuxib-        le captage du courant de premier enroule- me
rupteur suivant l'exdcution du transfert        ment de convertisseur et A
un niveau preddter- d'6norgie.                                         min6
de courant, le commencement de cycle so      de retour, lors duquel
l'6nergie est transferee 2. Convertisseur d'4nergie selon la revendication
aux enroulements secondaires (48,50.52) du 1, dont ledit appareil de
surveillance de cou-     convertisseur; rant (34) comporte:
la ddcharge de la plupart de l'energie des des moyens (Rs) de captage du
niveau            enroulements secondaires dans un enroule- preselectionne
de courant passant par l'enrou-  S5  ment secondaire de charge (52) et
l'application loment primaire (46);                              de
l'energie residuelle d'enroulement secon- et dont ledit appareil rdgulateur
(36) corn-    daire a un circuit de pompage de charge (C3, porte en outre:
C4), le circuit de pompe de charge assurant la des moyens capteurs (Rs)
d'inversion de         regulation de fermeture du rupteur (Qi Q2) on
tension du premier ou deuxibme enroulement  4o     serie avec l'enroulement
primaire; et secondaire;                                           lorsque
l'dnergie retenue dans 1'enroule- un circuit de  logique rdpondant aux
ment primaire est essentiellement d~charg~e, moyens capteurs de curant et
capteurs de           la fermeture du ruptour pour commencer un tension
pour gendrer un signal de commande;        autre cycle conducteur primaire.
et                                         45 un rupteur de commande (Q3)
repondant       7. Source de courant continu en regulation ayant au signal
de commando, pour former le              un convertisseur d'6norgio a
retour horizontal deuxibme rupteur (Q2) par l'intermediaire du       selon
l'une ou l'autre des revendications 1 a 5. deuxibme signal 6lectrique. 50 a
Convertisseur d'6nergie selon la revendication 1 ou la revendication 2,
dont le premier rupteur (Qi) et le deuxibme rupteur (02) sont des
transistors a effet de champ. 55 4. Convertisseur d'6nergie selon la
revendication 3, dont le premier circuit de pompage de char- ge comporte en
outre un condensateur (Ca) 9    


