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(54) Current resonance power supply

(57) A current resonance power supply (301) in-
cludes a transformer (115) having a primary winding and
a secondary winding, two switching elements (106, 107)
connected to one end of the primary winding (116) of the
transformer (115) and arranged in series, a resonance
capacitor (108) connected to the other end of the primary

winding (116), and a voltage detection unit connected
between the one end of the primary winding (116) and
the two switching elements (106, 107) and configured to
detect a voltage input to a primary side of the transformer
(115) , wherein operations of the switching elements
(106, 107) are stopped, or increased in rate, based on
the voltage detected by the voltage detection unit.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a power supply apparatus of a current resonance type.

Description of the Related Art

[0002] A switching power supply of a current resonance type is one example of a power supply apparatus that switches
a voltage acquired by rectifying and smoothing an alternating-current voltage (hereinafter, AC input voltage) input from
a commercial power supply by means of switching elements, and outputs a stable direct-current (DC) voltage via an
insulating transformer.
[0003] In this switching power supply of the current resonance type, generally, a low-voltage detection circuit is added
to detect a reduction in AC voltage input from the commercial power supply. The low-voltage detection circuit is provided
primarily for the following two purposes.
[0004] The first purpose is to protect elements such as a field-effect transistor (FET) serving as a switching element,
the transformer, and a capacitor for current resonance from an overcurrent state. As the AC voltage input from the
commercial power supply becomes lower, to maintain a constant output from a secondary side of the transformer, the
switching power supply operates so that an on-period of the FET can be longer. This creates a possibility that a current
will become higher on a primary side of the transformer, setting the primary side in an overcurrent state. When the
primary side of the transformer is set in the overcurrent state, circuit components including the FET of the primary side
exceed a rating (breakdown strength) and are destroyed. Therefore, the circuit components of the primary side must be
protected by detecting the overcurrent state to stop the operation.
[0005] The second purpose is to prevent a through-current flowing through two FETs that are switching elements.
The through-current is generated when the AC input voltage drops, and the on-period of the FET is extended to maintain
the constant output from the secondary side of the transformer. When on-period of the FET is long, after the FET is
turned off, a reverse recovery current of the FET that has been turned off is generated, causing a through-current to flow.
[0006] As a low-voltage detection method in the switching power supply of the current resonance type, a method for
detecting a divided voltage by a power supply control integrated circuit (IC) is employed. The divided voltage is acquired
by dividing a voltage after rectifying and smoothing the AC input voltage from the commercial power supply (as discussed
in Japanese Patent Application Laid-Open No. 2007-006614).
[0007] However, in the low-voltage detection method in the conventional switching power supply, to detect a low
voltage, a voltage divider resistor is used for dividing and detecting the voltage after rectifying and smoothing the AC
input voltage. This voltage divider resistor consumes power as a combined resistor, and uses a +terminal of a primary
smoothing capacitor for rectifying and smoothing as a voltage source, both in a stop state and in a normal operation
state of the power supply. Nowadays, power saving has become important for electronic devices, and power saving is
also required of the switching power supply. Particularly, in the stop state, further power saving is required. In the
abovementioned configuration of the conventional low-voltage detection circuit, power saving is difficult to be achieved
because power is consumed by the voltage divider resistor.

SUMMARY OF THE INVENTION

[0008] It is desirable to provide a switching power supply of a current resonance type in which power saving is achieved.
[0009] The present invention in its first aspect provides a current resonance power supply as specified in claim 1 and
claims 3 to 7 when read as appended to claim 1. The present invention in its second aspect provides a current resonance
power supply as specified in claim 2 and claims 3 to 7 when read as appended to claim 2.
[0010] The present invention in its third aspect provides an image forming apparatus as specified in claim 8.
[0011] Further features and aspects of the present invention will become apparent from the following detailed descrip-
tion of exemplary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings, which are incorporated in and constitute a part of the specification, illustrate
exemplary embodiments, features, and aspects of the invention and, together with the description, serve to explain the
principles of the invention.
[0013] Fig. 1 is a circuit diagram illustrating a current resonance power supply according to a first exemplary embod-
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iment.
[0014] Fig. 2 is a circuit diagram illustrating a current resonance power supply according to a second exemplary
embodiment.
[0015] Fig. 3 is a circuit diagram illustrating a current resonance power supply according to a third exemplary embod-
iment.
[0016] Fig. 4 is a circuit diagram illustrating a current resonance power supply according to a variant of the third
exemplary embodiment.
[0017] Fig. 5 is a circuit diagram illustrating a current resonance power supply according to a fourth exemplary em-
bodiment.
[0018] Figs. 6A to 6F illustrate operations of a current resonance circuit in the current resonance power supply.
[0019] Figs. 7A and 7B illustrate drain current waveforms of a FET in the current resonance power supply.
[0020] Figs. 8A to 8D illustrate current resonance operations when a through-current flows in the current resonance
power supply.
[0021] Figs. 9A and 9B schematically illustrate drain currents of the FET when the through-current flows.
[0022] Figs. 10A and 10B schematically illustrate drain currents of the FET when the through-current is reduced.
[0023] Figs. 11A and 11B schematically illustrate an image forming apparatus to which the current resonance power
supply of the present invention can be applied.

DESCRIPTION OF THE EMBODIMENTS

[0024] Various exemplary embodiments, features, and aspects of the invention will be described in detail below with
reference to the drawings.
[0025] First, a first exemplary embodiment is described. Fig. 1 is a circuit diagram illustrating a switching power supply
of a current resonance type (hereinafter, current resonance power supply) according to the present exemplary embod-
iment. As illustrated, the current resonance power supply includes an inlet 101, a fuse 102, a common mode coil 103,
a rectifying diode bridge 104, a primary smoothing capacitor 105, FETs 106 and 107 serving as switching elements, a
capacitor 108 for current resonance, a power supply control IC 110, a resistor 112, a diode 113, a capacitor 114, a
transformer 115, a primary winding 116 of the transformer 115, secondary windings 118 and 119 of the transformer 115,
rectifying diodes 120 and 121, a smoothing capacitor 122, a photocoupler 123, a shunt regulator 124, regulation resistors
125 and 126, a voltage output unit (terminal) 127, a load 128 connected to the power supply, resistors 202 and 203 used
for a low-voltage detection circuit, a transistor 131 serving as a switch for supplying power to the power supply control
IC 110, a photocoupler 132 for controlling the transistor 131, a current resonance power supply 301, a control unit 133
for driving and stopping the current resonance power supply 301, and an all-night power supply (schematic circuit diagram
of main portion) 501.
[0026] In a normal operation state of the current resonance power supply, the current resonance power supply 301
and the all-night power supply 501 both operate. In a power saving state, the control unit 133 stops supplying power to
the power supply control IC of the current resonance power supply 301 to stop the operation of the current resonance
power supply 301 but the all-night power supply 501 remains operational. Each of power supplies 301 and 501 is a
switching power supply (converter) and accordingly this power supply can be described as a power supply device of a
two-converter type.
[0027] Next, the operation of the current resonance power supply 301 is described. The power supply control IC 110
controls an on-period and an off-period of a control signal supplied to a gate terminal of each of the FET 106 and the
FET 107 so that a DC current output from the voltage output unit 127 can be constant. The positive and negative outputs
of the diode bridge 104 are connected to positive and negative supply lines of the primary-side circuitry. The primary
smoothing capacitor is connected between the positive and negative supply lines for smoothing the voltage output by
the diode bridge 104. The FET 106 and the FET 107 are connected in series with one another between the positive and
negative supply lines. A common node, to which a source terminal of the FET 106 and a drain terminal of the FET 107
are connected, is also connected to one end (power supply side) of the primary winding 116 of the transformer 115. The
capacitor 108 for current resonance is connected to the other end of the primary winding 116 of the transformer 115 so
that the primary winding 116 and the capacitor 108 are connected in series between the common node and the negative
supply line. As power to drive the power supply control IC 110, a voltage acquired by rectifying and smoothing a voltage
from an auxiliary winding 512 of a transformer 511 of the all-night power supply 501 by a rectifying and smoothing circuit
is supplied. The rectifying and smoothing circuit includes the resistor 112, the diode 113, and the capacitor 114. An
operation of the power supply for the power supply control IC 110 is controlled and stopped by the control unit 133.
[0028] With this configuration, when power is supplied to the power supply control IC 110, the power supply control
IC outputs a control signal to the gate terminals of the FET 106 and the FET 107, thereby operating the FET 106 and
the FET 107 alternately on and off. In other words, the FET 107 is turned off when the FET 106 is turned on, and the
FET 106 is turned off when the FET 107 is turned on. Then, a voltage of the primary smoothing capacitor 105 is applied
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to the primary winding 116 of the transformer 115, thereby supplying an AC current to the primary winding 116.
[0029] Referring to Figs. 6A to 6F and Figs. 7A and 7B, a flow of an AC current in the primary wining 116 is described
according to on or off states of the FET 106 and the FET 107.
[0030] Order 1: state illustrated in Fig. 6A. A state illustrated in Fig. 6A indicates an on-state of the FET 106 and an
off-state of the FET 107. In this state, a current flows in a path of the primary smoothing capacitor 105the FET 106→the
primary winding 116 of the transformer 115→the capacitor 108 for current resonance→the primary smoothing capacitor
105.
[0031] Order 2: state illustrated in Fig. 6B When the state illustrated in Fig. 6A is changed to that illustrated in Fig. 6B,
the FET 106 is set in an off-state, and the FET 107 is set in an off-state. In this state, even when the FET 106 is changed
from the on-state to the off-state, the power supply operates to maintain a current flowing through the primary winding
116 of the transformer 115. The current flows in a path of the primary winding 116 of the transformer 115→the capacitor
108 for current resonance→a parasitic diode 107a included in the FET 107.
[0032] Order 3: state illustrated in Fig. 6C
A state of Fig. 6C indicates an off-state of the FET 106 and an on-state of the FET 107. In this state, even when the
FET 107 is set in the on-state while in the state of the order 2, the current continues to flow in the path of the primary
winding 116 of the transformer 115→the capacitor 108 for current resonance→the parasitic diode 107a included in the
FET 107.
[0033] Order 4: state illustrated in Fig. 6D
A state illustrated in Fig. 6D still continues the state illustrated in Fig. 6C, namely, the FET 106 is in the off-state, and
the FET 107 is in the on-state. In this state, by a resonance operation of leakage inductance of the transformer 115 and
the capacitor 108 for current resonance, the flow of the current gradually changes to a path of the capacitor 108 for
current resonance→the primary winding 116 of the transformer 115→the FET 107.
[0034] Order 5: state illustrated in Fig. 6E
A state illustrated in Fig. 6E indicates an off-state of the FET 106 and an off-state of the FET 107. In this state, even
when the FET 107 is turned off in the state of the order 3, the power supply operates to maintain the current flowing
through the primary winding 116 of the transformer 115. The current flows in a path of the primary winding 116 of the
transformer 115→a parasitic diode 106a included in the FET 106→the primary smoothing capacitor 105.
[0035] Order 6: state illustrated in Fig. 6F
A state illustrated in Fig. 6F indicates an on-state of the FET 106 and an off-state of the FET 107. In this case, even
when the FET 106 is turned on in the state of the order 5, the current continues to flow in the path of the primary winding
116 of the transformer 115→the parasitic diode 106a included in the FET 106→the primary smoothing capacitor 105.
[0036] Order 7: again, state illustrated in Fig. 6A Again, the state illustrated in Fig. 6A is set, namely, the FET 106 is
still in the on-state, and the FET 107 is in the off-state. In this state, by the resonance operation of the leakage inductance
of the transformer 115 and the capacitor 108 for current resonance, the flow of the current gradually changes to the path
of the primary smoothing capacitor 105→the FET 106→the primary winding 116 of the transformer 115→the capacitor
108 for current resonance→the primary smoothing capacitor 105.
[0037] The change of the on and off states of the FET 106 and the FET 107 and the flow of the current have been
described.
[0038] Figs. 7A and 7B illustrate the operations described above referring to Figs. 6A to 6F with drain current waveforms
of the FET 106 and the FET 107. The current waveforms illustrated in Figs. 7A and 7B indicate correspondence among
the states (orders 1 to 7).
[0039] As illustrated in Figs. 7A and 7B, an AC current flows in a direction reverse to a forward direction through the
primary winding 116 of the transformer 115. An AC voltage is accordingly induced at the secondary windings 118 and
119 of the transformer 115. The AC voltage is rectified and smoothed by the rectifying and smoothing circuit including
the two rectifying diodes 120 and 121 and the smoothing capacitor 122, and a DC power supply voltage is output from
the voltage output unit 127.
[0040] The voltage from the voltage output unit 127 is divided by the regulation resistors 125 and 126, and the divided
voltage is input to the shunt regulator 124. A feedback signal is then generated according to the input voltage, and fed
back through the photocoupler 123 to a feedback (FB) terminal of the power supply control IC 110. The power supply
control IC 110 controls switching timing (on/off timing and on/off timing) of both the FET 106 and the FET 107 based on
the feedback signal, thereby enabling the voltage output unit 127 to output a stable DC voltage.
[0041] Next, an operation of the low-voltage detection circuit in the current resonance power supply is described. The
current resonance power supply has a function of preventing an overcurrent by detecting that an AC voltage input from
the commercial power supply is low.
[0042] The purposes of low-voltage detection are described again. The first purpose is to protect the circuit elements
such as the FET 106, the FET 107, the transformer 115, and the capacitor 108 for current resonance from the overcurrent
state. As the AC input voltage becomes lower, a current on the primary side of the transformer becomes higher because
the power supply operates to maintain a constant output of the secondary side of the transformer. As a result, each
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circuit element of the primary side may exceed the rating (breakdown strength) to be set in an overcurrent state. Thus,
to protect the circuit elements of the primary side from the overcurrent state, control is performed to stop the switching
operation. The second purpose is to prevent flowing of a through-current to the FET 106 and the FET 107. Referring to
Figs. 8A to 8D and Figs. 9A and 9B, an operation when the through-current flows to the FET 106 and the FET 107 is
described.
[0043] Order 1: state illustrated in Fig. 8A
In this state, a current flows in an arrow direction illustrated in the on-state of the FET 106. However, the AC input voltage
is lower, and hence the on-period of the FET becomes longer than that during a normal operation. It is because as
described above, when the AC input voltage is lower than the voltage during the normal operation as described above,
the power supply control IC operates to maintain constant the output of the secondary side of the transformer, extending
the on-period of the FET 106.
[0044] Order 2: state illustrated in Fig. 8B
The longer on-period of the FET 106 causes a change of a resonance current in an arrow direction. Still, the FET 106
is in the on-state. The current in this case flows through the parasitic diode 106a included in the FET 106.
[0045] Order 3: state illustrated in Fig. 8C
Even when the FET 106 is turned off, the current continues to flow through the parasitic diode included in the FET 106
in an arrow direction.
[0046] Order 4: state illustrated in Fig. 8D
Simultaneously when the FET 107 is turned on, the parasitic diode 106a included in the FET 106 starts reverse recovery.
However, a through-current flows in an arrow direction due to a current of a reverse direction during the reverse recovery.
[0047] As described above, when the AC input voltage is lower than the voltage during the normal operation, a through-
current may flow.
[0048] Figs. 9A and 9B illustrate states when the
through-current flows with drain current waveforms of the FET 106 and the FET 107. As illustrated in Figs. 9A and 9B,
when the AC input voltage is low, the FET 106 and the FET 107 are switched on, thereby causing flowing of a through-
current.
[0049] As described above, to achieve the two purposes,
namely, 1: prevention of destruction of the circuit elements caused by the overcurrent state, and 2: prevention of flowing
of the through-current to the FET, the low-voltage detection circuit for detecting whether the AC input voltage is low must
be installed.
[0050] In the present exemplary embodiment, low-voltage
detection of the AC input voltage is performed by detecting a voltage between a drain and a source of the FET 107.
Detecting the voltage between the drain and the source of the FET 107 prevents consumption of power by the detection
circuit as long as the FET 106 and the FET 107 are not performing switching operations. The present embodiment
utilizes this feature to achieve a power saving greater than that by the conventional current resonance power supply.
[0051] A voltage input to a VSEN terminal of the power supply control IC 110 to detect the AC input voltage is a voltage
between the drain and the source of the FET 107. In the present exemplary embodiment, the voltage between the drain
and the source of the FET 107 is acquired by rectifying, smoothing and dividing the voltage by means of a voltage
detection circuit including the diode 201, the resistor 202, the resistor 203, and the capacitor 204. The resulting voltage
is input to the VSEN terminal. A voltage waveform between the drain and the source of the FET 107 during the normal
operation is a rectangular wave having as its peak voltage the positive supply line potential (the potential of a +terminal
voltage of the primary smoothing capacitor 105) and whose cycle is the same as a switching cycle of the FET 107.
[0052] A voltage Vacr generated across the resistor 203 is approximately calculated by the following expression (1) : 

R203: resistance value of resistor 203
R202: resistance value of resistor 202
R: parallel combined resistance of resistor 202 and resistor 
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Vdch: +terminal voltage of primary smoothing capacitor 105
on_DUTY: DUTY ratio when FET 107 is in an on-state
off_DUTY: DUTY ratio when FET 107 is in an off-state
(however, these are values in a case where forward-direction voltage of diode 201 is ignored)
[0053] The expression (1) is described.
[0054] When the diode 201 is not present, in other words, when the circuit includes only the resistors 202 and 203,
the voltage Vacr is calculated by the following expression (2): 

Conversely, when the diode 201 is present, in the off-state of the FET 107, a potential discharged from the capacitor
204 is reduced by R/R203 (parallel combined resistance of resistor 202 and resistor 203 divided by the resistance value
of resistor 203). The expression (2) is accordingly changed to the expression (1) by multiplying off_DUTY of the expression
(2) by R/R203. In this case, because of Vdch ∝ AC input voltage, a relationship of Vacr ∝ AC input voltage is established.
[0055] In other words, Vacr can be used as a measure of the AC input voltage. When the AC input voltage drops, the
detected voltage Vacr also drops. The values of the resistor 202, the resistor 203, and the capacitor 204 are determined
so that when the AC input voltage drops to a low state, a predetermined low voltage is detected at the VSEN terminal
of the power supply control IC 110.
[0056] A threshold value (lower limit value) of the AC input voltage for detecting the low voltage state can be set to a
limit AC voltage value that can prevent, when the low-voltage detection circuit operates, an overcurrent state exceeding
a rating of each circuit element of the primary side, and a through-current of the FET 106 and the FET 107. According
to the present exemplary embodiment, an operation of the power supply control IC when the low voltage is detected is
as follows.
[0057] (Low-voltage detection, operation after detection, and effects provided by the present exemplary embodiment)
When the AC input power supply voltage drops to lower a voltage of the primary smoothing capacitor 105, a voltage of
the VSEN terminal of the power supply control IC 110 drops. When the voltage drops below the set threshold voltage,
the power supply control IC 110 stops switching operations of the FET 106 and the FET 107. When the switching
operations of the FETs are stopped, an overcurrent state exceeding the rating of the primary side circuit element described
above, and flowing of a through-current via the FET 106 and the FET 107, can be prevented.
[0058] The conventional low-voltage detection circuit can also prevent, by detecting a low voltage, destruction of the
elements and flowing of a through-current caused by an overcurrent. However, in the conventional circuit, a voltage
divider resistor for detecting the low voltage uses the +terminal of the primary smoothing capacitor 105 as a voltage
source. The conventional circuit also does not stop the switching operations upon detecting a low voltage state. On the
other hand, according to the present exemplary embodiment, the switching operations of the FETs 106 and 107 are
stopped when the low voltage state is detected and accordingly the circuit for detecting the low voltage consumes no
power when the switching operations are stopped. In the normal operation state, switching operations are performed
but, because the drain-source voltage of the FET 107 is used as the voltage source of the voltage detection circuit, less
power is consumed than if the potential of the +terminal of the primary smoothing capacitor 105 is used, as in the
conventional circuit. Hence power consumption can be reduced in both of a normal operation state and a stop state. As
a result, power saving of the current resonance power supply can be achieved.
[0059] Next, a second exemplary embodiment is described. Fig. 2 is a circuit diagram illustrating a current resonance
power supply according to the present exemplary embodiment. A difference from the first exemplary embodiment is use
of an IC including an operational amplifier 110a as a power supply control IC 110. A circuit according to the present
exemplary embodiment is different from that of the first exemplary embodiment in that a resistor 134 and a zener diode
135 are included, in addition to the change of the power supply control IC.
[0060] Except for the power supply control IC, and the addition of the resistor and the zener diode, the circuit is similar
to the circuit of the first exemplary embodiment. As in the case of the first exemplary embodiment, a low voltage state
of an AC input voltage is detected by detecting a voltage between a drain and a source of a FET 107.
[0061] In the circuit illustrated in Fig. 2, a low-voltage detection circuit is configured by using the operational amplifier
110a included in the power supply control IC 110. The operational amplifier 110a functions as a comparison unit for
comparing the voltage between the drain and the source of the FET 107 with a reference voltage. The reference voltage
generated by the resistor 134 and the zener diode 135 is input to an OPIN +terminal of the operational amplifier 110a.
A voltage Vacr acquired by rectifying, smoothing and dividing the voltage between the drain and the source of the FET
107 by means of a diode 201, a resistor 202, a resistor 203, and a capacitor 204 as in the case of the first exemplary
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embodiment is input to an OPIN- terminal of the operational amplifier 110a. Values of the resistor 134, the zener diode
135, the resistor 202, and the resistor 203 are set so that a relationship of OPIN+ terminal voltage < OPIN- terminal
voltage exists during a normal operation and a relationship of OPIN+ terminal voltage > OPIN-terminal voltage exists
during low voltage detection (when the AC input voltage is in the low-voltage state).
[0062] A threshold value (lower limit value) of the AC input voltage for detecting the low voltage can be set to an AC
voltage value that can prevent an overcurrent state exceeding a rating of each circuit element of a primary side and
flowing of a through-current of the FET 106 and the FET 107. For example, the threshold value can be set based on
breakdown strengths of the FET 106 and the FET 107.
[0063] With this configuration, during low voltage detection, a HI signal is output from an OPOUT terminal of the power
supply control IC 110. After the HI signal has been input to an EN 2 terminal of the power supply control IC 110, the
power supply control IC 110 forcibly applies high switching frequencies to the FET 106 and the FET 107. The high
switching frequencies of the FET 106 and the FET 107 leads to a reduction of a resonance current flowing to the circuit
elements of the primary side including the FET 106, the FET 107, a transformer 115, and a capacitor 108 for current
resonance. Thus, while an output voltage of a voltage output unit 127 of a secondary side of the transformer is lower
than a target voltage, the abovementioned troublesome overcurrent state exceeding the rating of each of the circuit
elements of the primary side of the transformer can be prevented.
[0064] As described above in the first exemplary embodiment, when the AC input voltage has the low-voltage state,
switching operations of the FETs 106 and 107 are stopped, which prevents a through-current flowing as can otherwise
occur as illustrated in Figs. 8A to 8D. In the second exemplary embodiment, by applying high switching frequencies,
flowing of a through-current can also be prevented. This is possible because, when the switching frequencies of the
FET 106 and FET 107 are high, a state is not similar to the operation of the first exemplary embodiment illustrated in
Figs. 8A to 8D but similar to the normal operation of the first exemplary embodiment illustrated in Figs. 6A to 6F. Figs.
10A and 10B illustrate drain current waveforms of the FET 106 and the FET 107 when oscillation frequencies are high.
[0065] As illustrated in Figs. 10A and 10B, by setting high oscillation frequencies, while a voltage from the voltage
output from the voltage output unit 127 is lower than that during the normal operation, an overcurrent state exceeding
the ratings of the circuit elements of the transformer and flowing of a through-current can be prevented.
[0066] As described above, as in the case of the first exemplary embodiment, according to the present exemplary
embodiment, since the circuit for detecting the low voltage consumes no power when the power supply does not operate,
power consumption can be reduced in the stop state. Also, because the drain-source voltage of the FET 107 is used as
a voltage source for the voltage detection circuit, rather than the potential of the +terminal of the primary smoothing
capacitor 105, less power is consumed in the normal operation state, too. As a result, power saving can be achieved
for the current resonance power supply.
[0067] Next, a third exemplary embodiment is described. Fig. 3 is a circuit diagram illustrating a current resonance
power supply according to the present exemplary embodiment. The first exemplary embodiment and the second exem-
plary embodiment each have two converters, namely the all-night power supply and the current resonance power supply.
Unlike the first and second exemplary embodiments, the present exemplary embodiment has only one converter. Ac-
cording to the present exemplary embodiment, a low-voltage detection circuit is installed as in the case of the first
exemplary embodiment, and power saving is achieved when a power switch is off. The current resonance power supply
illustrated in Fig. 3 includes the following circuit components (elements) : an auxiliary winding 117 of a transformer 115,
a power switch 701, a starting resistor 702, a resistor 703, a diode 704, a transistor 705, and a capacitor 706.
[0068] The power supply illustrated in Fig. 3 is activated when the power switch 701 is turned on to supply starting
power to a VH terminal of a power supply control IC 110 via the starting resistor 702. After the power supply has been
activated, power is supplied from the auxiliary winding 117. When the power switch 701 is turned off, turning-off of the
power switch is detected. The arrangement for detecting the turning off of the power switch is omitted but suitable
arrangements will be known to those skilled in the art. A control unit 133 detects the off-state of the power switch 701.
The control unit 133 detects the off-state of the power switch, operates a photocoupler 132 to turn off the transistor 705,
and stops supplying the power to the power supply control IC 110, thereby stopping the power supply.
[0069] In such a power supply, even when the power switch is suddenly turned off, the control unit 133 can determine
to stop the power supply. Thus, in an electronic device that includes the power supply, as an advantage, the power
supply can be stopped after various processes are executed. In such a power supply, by suppressing power consumption
in the off-state of the power switch, power saving can be achieved for the power supply and an apparatus that includes
the power supply.
[0070] In the power supply illustrated in Fig. 3, while the power switch is off, because of an off-state of a FET 106, a
low-voltage detection circuit consumes no power as in the case of the first exemplary embodiment. While the power
supply operates, as in the case of the first exemplary embodiment, a low voltage can be detected by utilizing a voltage
between a drain and a source of a FET 107.
[0071] In the power supply having one converter according to the present exemplary embodiment, as in the case of
the first exemplary embodiment, the circuit for detecting the low voltage consumes no power when the power supply
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does not operate, and hence power consumption for low-voltage detection can be reduced both in the normal operation
state and the stop state. As a result, power saving can be achieved for the current resonance power supply.
[0072] Fig. 4 is a circuit diagram illustrating another current resonance power supply according to a variant of the third
exemplary embodiment. In the circuit illustrated in Fig. 4, the power supply control IC 110 in the circuit illustrated in Fig.
3 has been changed to the power supply control IC including the operational amplifier 110a according to the second
exemplary embodiment. Operations of the low-voltage detection circuit and the power supply control IC 110 during low-
voltage detection are similar to those of the third exemplary embodiment. A configuration of the low-voltage detection
circuit is similar to those of the exemplary embodiments described above. In the power supply illustrated in Fig. 4, as in
the case of the first exemplary embodiment, the circuit for detecting the low voltage consumes no power, and hence
power consumption for low-voltage detection can be reduced both in the normal operation state and the stop state. As
a result, power saving can be achieved for the current resonance power supply.
[0073] Next, a fourth exemplary embodiment is described. Fig. 5 is a circuit diagram illustrating a current resonance
power supply according to the present exemplary embodiment. According to the exemplary embodiment, when a low-
voltage detection circuit detects a low voltage, power supply to a power supply control IC is stopped. Newly installed
components in addition to those of the first exemplary embodiment are a comparator 401, a resistor 402, a zener diode
403, and a photocoupler 404. A power supply operation during a normal operation is similar to that of the first exemplary
embodiment.
[0074] In Fig. 5, a portion different from that of the first exemplary embodiment is a configuration of the low-voltage
detection circuit. According to the present exemplary embodiment, a reference voltage is generated by a resistor 402
and a zener diode 403, and input to a +terminal of the comparator 401. A voltage Vacr acquired by rectifying, smoothing
and dividing a voltage between a drain and a source of a FET 107 in a voltage detection circuit (diode 201, a resistor
202, a resistor 203, and a capacitor 204) as in the case of the first exemplary embodiment is input to a -terminal of the
comparator 401.
[0075] Values of the resistor 402, the zener diode 403, the resistor 202, and the resistor 203 are set so that a relationship
of +terminal voltage of comparator 401 < -terminal voltage of comparator 401 exists during a normal operation and a
relationship of +terminal voltage of comparator 401 > -terminal voltage of the comparator 401 exists during the low
voltage state.
[0076] When the low-voltage detection circuit detects a low voltage, an HI signal is input to a control unit 133 via a
photocoupler 404. The control unit 133 to which the HI signal has been input turns off a transistor 131 via a photocoupler
132 to stop supplying power to the power supply control IC. Switching operations of a FET 106 and a FET 107 can
accordingly be stopped to prevent an overcurrent. A through-current flowing through the FET 106 and the FET 107 can
be prevented. According to the present exemplary embodiment, as in the case of the first exemplary embodiment, the
circuit for detecting the low voltage consumes no power in the stop state, and because the drain-source voltage of the
FET 107 is used as a voltage source for the voltage detection circuit, less power is consumed in the normal operation
state. Hence power consumption for low-voltage detection can be reduced both in the normal operation state and the
stop state. As a result, power saving can be achieved for the current resonance power supply.
[0077] The current resonance power supply according to each of the first to fourth exemplary embodiments can be
applied as a low-voltage power supply in an image forming apparatus such as a laser beam printer, a copying machine,
or a facsimile machine. The current resonance power supply can be used to supply power to a controller that is a control
unit in the image forming apparatus and to supply power to a motor that is a drive unit of a feeding roller for conveying
sheets.
[0078] Fig. 11A illustrates a schematic configuration of a laser beam printer that is an example of an image forming
apparatus. The laser beam printer 200 includes a photosensitive drum 213 that is an image carrier as an image forming
unit 211, on which a latent image is formed, and a development unit 212 for developing the latent image formed on the
photosensitive drum by toner. The toner image developed on the photosensitive drum 213 is transferred to a sheet (not
illustrated) as a recoding medium fed from a cassette 216. The toner image transferred to the sheet is fixed by a fixing
device 214 to be discharged to a tray 215. Fig. 11B illustrates power supply lines from the power supply to the controller
that is the control unit of the image forming apparatus and the motor that is the drive unit. The current resonance power
supply can be applied as a low-voltage power supply for supplying power to the controller 300 that includes a central
processing unit (CPU) 310 for controlling an image forming operation, and for supplying power to the motors 312 and
313 as drive units for forming images. As power to be supplied, a voltage of 3.3V is supplied to the controller 300, and
a voltage of 24V is supplied to the motors. For example, the motor 312 drives the feeding roller for conveying sheets,
and the motor 313 drives the fixing device 214.
[0079] The current resonance power supply according to each of the exemplary embodiments is not limited to being
used in an image forming apparatus, and can be used as a low-voltage power supply in other electronic devices.
[0080] While the present invention has been described with reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all modifications, equivalent structures, and functions.
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Claims

1. A current resonance power supply (301) comprising:

a transformer (115) having a primary winding (116) and a secondary winding (117);
a resonance capacitor (108);
first and second switching elements (106, 107) connected in series, the primary winding (116) and the resonance
capacitor (108) being connected in series across one (107) of the two switching elements;
control means (110) for causing the switching elements to switch between a first state, in which said first switching
element (106) is on and said second switching element (107) is off, and a second state, in which said first
switching element (106) is off and said second switching element (107) is on; and
voltage detection means (201-204) configured to detect a voltage across said one switching element (107);
wherein the control means (110; 110, 401-404) are operable to stop the switching of the switching elements
when the voltage detected by the voltage detection means is in a low state.

2. A current resonance power supply (301) comprising:

a transformer (115) having a primary winding (116) and a secondary winding (117);
a resonance capacitor (108);
first and second switching elements (106, 107) connected in series, the primary winding (116) and the resonance
capacitor (108) being connected in series across one (107) of the two switching elements;
control means (110) for causing the switching elements to switch between a first state, in which said first switching
element (106) is on and said second switching element (107) is off, and a second state, in which said first
switching element (106) is off and said second switching element (107) is on; and
voltage detection means (201-204) configured to detect a voltage across said one switching element (107);
wherein the control means (134, 135, 110a) are operable to increase a rate of switching of the switching elements
when the voltage detected by the voltage detection means is in a low state.

3. The current resonance power supply according to claim 1 or 2, further comprising comparison means (110a; 401)
configured to compare the voltage detected by the voltage detection means (201-204) with a reference voltage, and
to output a comparison signal which has a first state when the detected voltage is in said low state and which has
a second state when the detected voltage is not in said low state.

4. The current resonance power supply according to claim 3, wherein the comparison means (110a) forms part of said
control means (110).

5. The current resonance power supply according to any preceding claim, further comprising stopping means for
stopping supply of power to said control means (110) when the voltage detected by the voltage detection means
(201-204) is in said low state.

6. The current resonance power supply according to claim 1, wherein the voltage detection means (201-204) includes
a diode (201) and first and second resistors (202, 203) connected in series between one end of the primary winding
(116) and a negative supply line, and also includes a capacitor (204) connected in parallel with said second resistor
(203).

7. The current resonance power supply according to claim 3, further comprising reference voltage generating means
(134, 135) configured to derive the reference voltage from a voltage (Vcc) supplied to said control means, the
reference voltage generating means including a resistor (134) and a Zener diode (135) .

8. An image forming apparatus (200) comprising:

an image forming means (211) configured to form an image on an image carrier (213);
a control means (310) configured to control an image forming operation of the image forming means; and
the current resonance power supply (301) of any one of claims 1 to 7 configured to supply power to the image
forming means (211) or the control means (310).
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