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POWER SOURCE APPARATUS AND ELECTRIC DEVICE 

Technical field 

[0001] 

The present invention relates to a power supply device that includes a 

current resonant circuit driven by a switching element and causes the switching 

element to perform a continuous operation or an intermittent operation, and an 

electrical apparatus including the power supply device.  

Background Art 

[0002] 

Among conventional power supply devices incorporated into an electrical 

apparatus, electronic apparatus, or the like and configured to supply relatively large 

power to a load are those which use a two-converter circuit in order to reduce 

standby power. For example, a two-converter circuit includes a main power supply 

circuit that supplies power to a load which consumes much power and a sub-power 

supply circuit that supplies power to a less power-consuming load, such as a 

control circuit, and operates the main and sub-power supply circuits in normal 

times and operates only the sub-power supply circuit during standby to reduce 

standby power. However, a two-converter circuit must include two power supply 

circuits and thus disadvantageously increases the size of the power supply 

apparatus and increases the cost.  

[0003] 

For this reason, there is disclosed a switching power supply device that 

includes a single main power supply circuit as a power supply circuit and controls a 

transistor of a switching unit in the power supply circuit so that the transistor 

operates continuously when the load current is large; and the transistor operates 

intermittently when the load current is small (see Patent Literature 1).  

[0004] 

Examples of a switching power supply device include those of flyback type 

and those of current resonant type. A current resonant power supply device is used, 

for example, when it is desired to increase efficiency when a heavy load is used, 

when it is desired to handle a large output current, or when it is desired to improve 

noise resistance.  

Citation List 

Patent Literature
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[0005] 

Patent Literature 1: Japanese Examined Utility Model Registration 

Application Publication No. 4-10588 

[0006] 

However, when a current resonant power supply device is operating a 

transistor intermittently during standby, it can supply only a small current to a load.  

For this reason, if a load which consumes much power is connected when the 

transistor is operating intermittently, the output voltage would be reduced, and the 

power supply device would temporarily stop to operate. Further, there is a demand 

to cause an electrical apparatus, such as a monitor (display), including such a 

power supply device to supply relatively large power even during standby.  

[0007] 

Any discussion of documents, acts, materials, devices, articles or the like 

which has been included in the present specification is not to be taken as an 

admission that any or all of these matters form part of the prior art base or were 

common general knowledge in the field relevant to the present disclosure as it 

existed before the priority date of each claim of this application.  

[0007A] 

Throughout this specification the word "comprise", or variations such as 

"comprises" or "comprising", will be understood to imply the inclusion of a stated 

element, integer or step, or group of elements, integers or steps, but not the 

exclusion of any other element, integer or step, or group of elements, integers or 

steps.  

Summary 

[0008] 

The present disclosure provides a power supply device that includes a 

current resonant circuit configured to drive a transformer and a resonant circuit 

using a switching element, the resonant circuit being connected to a primary side of 

the transformer, the switching element being periodically repeatedly turned on and 

off, and a controller configured to control the switching element so that the 

switching element performs a continuous operation in which the switching element 

is turned on and off continuously repeatedly or an intermittent operation in which 

the switching element is turned on and off intermittently repeatedly, in accordance 

with an external signal from MPU indicating the continuous operation or the
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intermittent operation. The power supply device includes a voltage detector 

configured to detect a voltage on a secondary side of the transformer and a 

switching unit configured to, when the controller is controlling the switching 

element so that it performs the intermittent operation, in accordance with an 

external signal indicating the intermittent operation and when a voltage detected by 

the voltage detector has fallen below a predetermined first threshold voltage, cause 

the controller to control the switching element so that it forcibly switches to perform 

the continuous operation. The controller is disposed on the primary side.  

[0009] 

According to an embodiment, the voltage detector detects the voltage on the 

secondary side of the transformer, that is, the output voltage. It is assumed that 

when the controller is controlling the switching element so that it operates 

intermittently, in accordance with an external signal indicating the intermittent 

operation, that is, when the controller is supplying power to a less 

power-consuming load during standby, the voltage detected by the voltage detector 

has fallen below the predetermined first threshold voltage. The reason why the 

voltage detected by the voltage detector is reduced is that a more power-consuming 

load is connected to the output of the power supply device and thus the load current 

is increased. In this case, the switching unit causes the controller to control the 

switching element so that the intermittent operation of the switching element 

switches to the continuous operation.  

[0010] 

During standby, the switching element which has been switched to be in 

the continuous operation operates continuously until the output voltage is again 

raised to some extent. Thus, even when a relatively large load is connected and thus 

the load current is increased, the output voltage is prevented from keeping falling 

below the first threshold voltage, and the required power can be supplied even 

during standby.  

[0011] 

According to an embodiment, in the power supply device, when the 

switching unit has caused the controller to control the switching element so that it 

switches to perform the continuous operation and when the voltage detected by the 

voltage detector has risen above a second threshold voltage which is higher than the 

first threshold voltage, the switching unit causes the controller to control the 

switching element so that it switches to perform the intermittent operation.  

[0012] 

According to an embodiment, when the switching unit has caused the
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controller to control the switching element so that it switches to perform the 

continuous operation during standby and when the voltage detected by the voltage 

detector has risen above the second threshold voltage, which is higher than the first 

threshold voltage, the switch unit causes the controller to control the switching 

element so that it switches to perform the intermittent operation. When a relatively 

large load is connected during standby and the operation of the switching element is 

switched from the intermittent operation to the continuous operation, a large load 

current can be supplied. When the sufficient current is supplied to the connected 

load, the output voltage is increased. When the voltage detected by the voltage 

detector (output voltage) has risen above the second threshold voltage, which is 

higher than the first threshold voltage, the operation of the switching element is 

returned to the intermittent operation, which is a standby operation, since the 

sufficient power is being supplied to the load. Further, the first threshold voltage 

and second threshold voltage are different voltages and therefore it is possible to 

prevent the operation from being frequently switched between the intermittent 

operation and the continuous operation.  

[0013] 

According to an embodiment, in the power supply device, when the 

controller is being given an external signal indicating the continuous operation, the 

switching unit invalidates detection of the voltage by the voltage detector.  

[0014] 

According to an embodiment, when the controller is being given an external 

signal indicating the continuous operation, the switching unit invalidates detection 

of the voltage by the voltage detector. Thus, it is possible to reliably prevent the 

normal operation (continuous operation) of the switching element from switching to 

the intermittent operation.  

[0015] 

According to an embodiment, in the power supply device, the voltage 

detector includes multiple resistors connected to the secondary side of the 

transformer in series; the switching unit includes a photodiode configured to be 

turned on or off in accordance with a voltage divided by the resistors and a 

phototransistor disposed on a primary side of the transformer and configured to be 

turned on or off in response to the photodiode being turned on or off; and the 

controller includes a transistor configured to determine the continuous operation or 

the intermittent operation in accordance with an on state or an off state of itself and 

is configured to turn on or off the transistor in response to the phototransistor being 

turned on or off.
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[0016] 

According to an embodiment, the voltage detector includes the resistors 

connected the secondary side of the transformer in series. For example, by 

series-connecting the resistors to the secondary side of the transformer, that is, 

between the output terminals of the power supply device and detecting the voltage 

of the junction of the resistors, the output voltage can be divided into a required 

voltage using the resistors. The switching unit includes the photodiode configured 

to be turned on or off in accordance with the level of the divided voltage and the 

phototransistor disposed on the primary side of the transformer and configured to 

be turned on or off in response to the photodiode being turned on or off. The 

controller includes the transistor and controls the switching element so that the 

switching element performs the continuous operation or the intermittent operation, 

in accordance with whether the transistor is in an on state or in an off state. The 

controller turns on or off the transistor in response to the phototransistor being 

turned on or off. Thus, for example, when the voltage detected by the voltage is 

reduced (for example, when the voltage has fallen below the first threshold voltage), 

the phototransistor is turned on, and the transistor is turned on to switch the 

operation mode of the switching element from the intermittent operation to the 

continuous operation. As a result, even during standby, power can be supplied 

when an external load is connected.  

[0017] 

According to an embodiment, in the power supply device, the switching unit 

further includes a diode connected to a cathode of the photodiode and is configured 

to, when the switching unit is being given an external signal indicating the 

continuous operation, turn on the diode.  

[0018] 

According to an embodiment, the switching unit includes the diode 

connected to the cathode of the photodiode. When the switching unit is being given 

an external signal indicating the continuous operation, it turns on the diode. When 

the switching unit is being given an external signal indicating the continuous 

operation, that is, when the operation mode is the continuous operation, the output 

voltage rises above the first threshold voltage and second threshold voltage, and the 

switching unit attempts to switch the operation of the switching element to the 

intermittent operation. For this reason, by turning on the diode and forcefully 

turning on the photodiode, the transistor is turned on so that the operation mode 

becomes the continuous operation. Thus, when an external signal indicating a 

continuous operation is being given, the switching element can be operated
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continuously, regardless of the presence of the voltage detector.  

[0019] 

The present disclosure also provides a power supply device that includes a 

current resonant circuit configured to drive a transformer and a resonant circuit 

using a switching element, the resonant circuit being connected to a primary side of 

the transformer, the switching element being periodically repeatedly turned on and 

off, and a controller configured to control the switching element so that the 

switching element performs a continuous operation in which the switching element 

is turned on and off continuously repeatedly or an intermittent operation in which 

the switching element is turned on and off intermittently repeatedly, in accordance 

with an external signal indicating the continuous operation or the intermittent 

operation. The power supply device includes a load detector configured to detect 

magnitude of a load on a secondary side of the transformer and a switching unit 

configured to, when the controller is controlling the switching element so that it 

performs the intermittent operation, in accordance with an external signal 

indicating the intermittent operation and when a load detected by the load detector 

has become larger than a predetermined first threshold, cause the controller to 

control the switching element so that it switches to perform the continuous 

operation. The controller is disposed on the primary side.  

[0020] 

According to an embodiment, the load detector detects the magnitude of the 

load on the secondary side of the transformer. The magnitude of the load is, for 

example, the magnitude of the current flowing through the load, but not limited 

thereto. It is assumed that when the controller is controlling the switching element 

so that it operates intermittently, in accordance with an external signal indicating 

the intermittent operation, that is, when the controller is supplying power to a less 

power-consuming load during standby, the load detected by the load detector has 

risen above the predetermined first threshold. The reason why the load detected by 

the load detector is increased is that a more power-consuming load is connected to 

the output of the power supply device and thus the load current is increased. In this 

case, the switching unit causes the controller to control the switching element so 

that the intermittent operation of the switching element switches to the continuous 

operation.  

[0021] 

During standby, the switching element which has been switched to be in 

the continuous operation operates continuously until the output voltage is again 

raised to some extent. Thus, even when a relatively large load is connected and thus
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the load current is increased, the output voltage is prevented from keeping falling 

below the first threshold voltage, and the required power can be supplied even 

during standby.  

[0022] 

The present disclosure also provides a power supply device that includes a 

current resonant circuit configured to drive a transformer and a resonant circuit 

using a switching element, the resonant circuit being connected to a primary side of 

the transformer, the switching element being periodically repeatedly turned on and 

off, and a controller configured to control the switching element so that the 

switching element performs a continuous operation in which the switching element 

is turned on and off continuously repeatedly or an intermittent operation in which 

the switching element is turned on and off intermittently repeatedly, in accordance 

with an external signal indicating the continuous operation or the intermittent 

operation. The power supply device includes a connection determination unit 

configured to determine whether an external device has been connected to a 

secondary side of the transformer and a switching unit configured to, when the 

controller is controlling the switching element so that it performs the intermittent 

operation, in accordance with an external signal indicating the intermittent 

operation and when the connection determination unit determines that an external 

device has been connected, cause the controller to control the switching element so 

that it switches to perform the continuous operation. The controller is disposed on 

the primary side.  

[0023] 

According to an embodiment, the connection determination unit 

determines whether an external device has been connected to the secondary side of 

the transformer. It is assumed that when the controller is controlling the switching 

element so that it operates intermittently, in accordance with an external signal 

indicating the intermittent operation, that is, when the controller is supplying power 

to a less power-consuming load during standby and when the connection 

determination unit determines that an external device has been connected, the 

switching unit causes the controller to control the switching element so that the 

intermittent operation of the switching element switches to the continuous 

operation.  

[0024] 

During standby, the intermittent operation of the switching element is 

switched to the continuous operation. Thus, even when an external device is 

connected and thus the load is increased, sufficient power can be supplied to the
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external device. As a result, the required power can be supplied even during 

standby.  

[0025] 

The present disclosure also provides an electrical apparatus including any 

one of the above power supply devices and a connector disposed on a secondary side 

of the transformer. When the power supply device is given an external signal 

indicating the intermittent operation, the power supply device can supply power to 

an external device connected to the connector.  

[0026] 

According to an embodiment, when the power supply device is given an 

external signal indicating the intermittent operation and when a more 

power-consuming external device is connected to the connector, it is possible to 

temporarily switch the operation mode from the intermittent operation to the 

continuous operation and to supply the required power to the external device.  

[0027] 

According to an embodiment, required power can be supplied even during 

standby.  

Brief Description of the Drawings 

[0028] 

Fig. 1 is a block diagram showing an example of the circuit configuration of 

a power supply device of a first embodiment.  

Fig. 2 is a timing chart showing an example of the operation of the power 

supply device of the first embodiment.  

Fig. 3 is a diagram showing an example of the transition of the operation 

state of the power supply device of the first embodiment.  

Fig. 4 is a timing chart showing an example of the operation of a 

conventional power supply device in standby mode.  

Fig. 5 is a block diagram showing an example of the circuit configuration of 

a power supply device of a second embodiment.  

Fig. 6 is a timing chart showing an example of the operation of the power 

supply device of the second embodiment.  

Fig. 7 is a block diagram showing an example of the circuit configuration of 

a power supply device of a third embodiment.  

Fig. 8 is a timing chart showing an example of the operation of the power 

supply device of the third embodiment.
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Description of Embodiments 

[0029] 

First Embodiment 

Now, embodiments of a power supply device of the present invention will be 

described with reference to the drawings. Fig. 1 is a block diagram showing an 

example of the circuit configuration of a power supply device of a first embodiment.  

The input terminal of the power supply device 100 is connected to a commercial 

power supply 1 (e.g., AC 100V, AC 200V). The power supply device 100 receives an 

alternating-current (AC) voltage from the commercial power supply 1 and full-wave 

rectifies the received AC voltage into a direct-current (DC) voltage using a diode 

bridge 10.  

[0030] 

A coil (inductor) 11 and a diode 12 are connected to the output of the diode 

bridge 10 in series. Connected between the junction of the coil 11 and diode 12 and 

the ground level is an FET 13. Connected to the gate of the FET 13 is an output 

terminal G of a PFC control circuit 15. The coil 11, diode 12, and FET 13 constitute 

a PFC circuit. The PFC control circuit 15 can perform power factor correction (PFC) 

by controlling the switching operation of the FET 13. Note that the PFC circuit is not 

limited to the configuration shown in Fig. 1. There may be used other circuit 

configurations, such as a choke input rectifier circuit, which expands the 

conduction angle using a choke coil, as long as they can make the current waveform 

similar to a sinusoidal waveform.  

[0031] 

Connected to the output of the diode 12 are a smoothing capacitor 14 and 

FETs 24 and 25 that are connected in series and serve as switching elements.  

Connected to the junction of the FETs 24 and 25 is one end of a primary winding 21 

of a transformer 20. The other end of the primary winding 21 is connected to the 

ground level through a capacitor 23.  

[0032] 

A secondary winding 22 of the transformer 20 consists of three terminals.  

Connected to two of the three terminals are the anodes of diodes 31 and 32. The 

cathodes of the diodes 31 and 32 are connected to each other and connected to the 

positive terminal of output terminals A. The remaining terminal of the secondary 

winding 22 is connected to the negative terminal of the output terminals A.  

Connected to the outputs of the diodes 31 and 32 is a smoothing capacitor 33.  

[0033]
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The PFC control circuit 15 receives power from a predetermined voltage 

source Vcc (e.g., a DC voltage obtained by rectifying an AC voltage generated by the 

transformer 20) through an FET 16. A phototransistor 38 is connected between the 

gate of the FET 16 and the ground level. A photodiode 37 forms a photocoupler with 

the phototransistor 38 and is connected between the positive terminal of the output 

terminals A and an output terminal C of an MPU 39.  

[0034] 

That is, when the required current flows through the photodiode 37 and 

thus the phototransistor 38 is turned on, the FET 16 is turned on and thus the PFC 

circuit operates. On the other hand, when the required current does not flow 

through the photodiode 37 and thus the phototransistor 38 is turned off, the FET 

16 is turned off and thus the PFC circuit stops operating.  

[0035] 

A current resonant control circuit 17 can be formed by an IC element, and 

two output terminals, D1 and D2, thereof are connected to the gates of the FET 24 

and FET 25, respectively. An inductance included in the transformer 20 and the 

capacitor 23 constitute a resonant circuit. That is, by alternately turning on or off 

the FETs 24 and 25, the current flowing through the resonant circuit can be caused 

to vibrate (resonate).  

[0036] 

The current resonant control circuit 17 serves as a controller. The current 

resonant control circuit 17 controls the FET 24 and FET 25 so that the FETs 

perform a continuous operation in which the FETs are turned on and off 

continuously repeatedly or an intermittent operation in which the FETs are turned 

on and off intermittently repeatedly, in accordance with whether the voltage of the 

STB terminal is at a high level or low level. For example, when the voltage of the STB 

terminal is at a low level, the operation mode is continuous mode (normal mode) and 

therefore the FETs 24 and 25 perform the continuous operation. On the other hand, 

when the voltage of the STB terminal is at a high level, the operation mode is 

intermittent mode (standby mode) and therefore the FETs 24 and 25 perform the 

intermittent operation. The intermittent operation is also called a burst operation.  

[0037] 

The current resonant control circuit 17 receives power from the 

predetermined voltage source Vcc. An FET 18 is connected between the STB 

terminal of the current resonant control circuit 17 and the ground level. A 

phototransistor 43 is connected between the gate of the FET 18 and the voltage
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source Vcc. A photodiode 42 forms a photocoupler with the phototransistor 43. The 

anode of the photodiode 42 is connected to the positive terminal of the output 

terminals A through a resistor 41, and the cathode thereof is connected to the 

ground level through a transistor 54.  

[0038] 

That is, when the required current flows through the phototransistor 42 

and thus the phototransistor 43 is turned on, the FET 18 is turned on. The voltage 

of the STB terminal is reduced to a low level and thus the FETs 24 and 25 operate in 

continuous mode (normal mode). On the other hand, when the required current 

does not flow through the phototransistor 42 and thus the phototransistor 43 is 

turned off, the FET 18 is turned off. The voltage of the STB terminal is raised to a 

high level and thus the FETs 24 and 25 operate in intermittent mode (standby 

mode). The photodiode 42, phototransistor 43, a diode 44 (to be discussed later), the 

photodiode 37, and the phototransistor 38 constitute a switching unit. The FET 18 

constitutes part of the controller.  

[0039] 

The current resonant control circuit 17 also controls the FETs 24 and 25 so 

that an output voltage VO becomes a constant voltage during a normal operation.  

That is, a phototransistor 35 is connected between the FB terminal of the current 

resonant control circuit 17 and the ground level. A photodiode 34 forms a 

photocoupler with the phototransistor 35. The current flowing through the 

photodiode 34 is inputted to the FB terminal through the phototransistor 35. Thus, 

the current resonant control circuit 17 controls the FETs 24 and 25 so that the 

output voltage VO becomes a constant voltage during the normal operation.  

[0040] 

A voltage detector 50 serves as a load detector and includes resistors 51 

and 52, a control IC 53, the transistor 54, the photodiode 42, and the like. The 

voltage detector 50 can detect the voltage on the secondary side of the transformer 

20, that is, the output voltage between the output terminals A. Details of the voltage 

detector 50 will be described below. Note that the voltage detector 50 is not limited 

to the configuration shown in Fig. 1.  

[0041] 

A series circuit consisting of the resistors 51 and 52 is connected between 

the positive terminal and negative terminal (ground level) of the output terminals A.  

Connected to the junction of the resistors 51 and 52 is an input terminal IN of the 

control IC 53. The control IC 53 detects the voltage of the junction of the resistors 51



12 

and 52 and thus can detect a divided voltage obtained by dividing the output voltage 

into the required voltage using the resistors 51 and 52. An output terminal OUT of 

the control IC 53 is connected to the base of the transistor 54 through a resistor 55.  

Connected between the base and emitter of the transistor 54 is a bias resistor 56.  

When the voltage of the input terminal IN falls below a predetermined voltage (first 

threshold voltage Vth l), the control IC 53 raises the voltage of the output terminal 

OUT to a high level to turn on the transistor 54. On the other hand, when the 

voltage of the input terminal IN rises above a predetermined voltage (second 

threshold voltage Vth2>first threshold voltage Vth 1), the control IC 53 reduces the 

voltage of the output terminal OUT to a low level to turn off the transistor 54.  

[0042] 

The MPU 39 is, for example, a microprocessor and has a function of 

outputting external signals indicating a normal operation (continuous operation) 

and a standby operation (intermittent operation). When the MPU 39 acquires or 

generates an external signal indicating a normal operation, it reduces, to a low level, 

the voltage of the output terminal C to which the cathode of the photodiode 37 is 

connected and passes the required current through the photodiode 37 so as to turn 

on the phototransistor 38. On the other hand, when the MPU 39 acquires or 

generates an external signal indicating a standby operation, it raises the voltage of 

the output terminal C to a high level and reduces or shuts off the current flowing 

through the photodiode 37 so as to turn off the phototransistor 38. The MPU 39 only 

has to on/off control the switching unit upon receipt of external signals indicating a 

normal operation (continuous operation) and a standby operation (intermittent 

operation). Accordingly, for example, only an FET may be used in place of the MPU 

39.  

[0043] 

The diode 44 serving as part of the switching unit is connected between the 

cathode of the photodiode 42 and the cathode of the photodiode 37. More 

specifically, the anode of the diode 44 is connected to the cathode of the photodiode 

42, and the cathode thereof is connected to the cathode of the photodiode 37. When 

the MPU 39 acquires or generates an external signal indicating a normal operation, 

it reduces the voltage of the output terminal C to a low level and thus can pass the 

required current through the photodiode 42 through the diode 44 to turn on the 

phototransistor 43. Thus, the FET 18 is turned on, regardless of the level of the 

voltage detected by the voltage detector 50; the voltage of the STB terminal is 

reduced to a low level; and the FETs 24 and 25 operate in continuous mode (normal



13 

operation). Note that the diode 44 can be replaced by a transistor, an element 

having an open/close contact, or the like.  

[0044] 

The anode of the photodiode 34 is connected to the positive terminal of the 

output terminals A, and a constant voltage control circuit 36 is connected to the 

cathode of the photodiode 34. The phototransistor 35 forms a photocoupler with the 

photodiode 34 and is connected between the current resonant control circuit 17 and 

the ground level. The constant voltage control circuit 36 controls the output voltage 

VO so that it becomes a constant voltage during a normal operation. The constant 

voltage control circuit 36 performs this control by detecting the output voltage VO 

and reflecting the detection result on the current flowing into the FB terminal of the 

current resonant control circuit 17 through the photodiode 34 and phototransistor 

35.  

[0045] 

Next, the operation of the power supply device 100 of the first embodiment 

will be described. Fig. 2 is a timing chart showing an example of the operation of the 

power supply device 100 of the first embodiment. Fig. 3 is a diagram showing an 

example of the transition of the operation state of the power supply device 100 of the 

first embodiment. Note that voltage and current waveforms in Fig. 2 are 

schematically shown for simplicity and may differ from actual waveforms. Also, the 

waveform of an output current 10 in state S3 in Fig. 2 is schematically shown for 

simplicity.  

[0046] 

As shown in Figs. 2 and 3, in state S i, the MPU 39 acquires or generates an 

external signal indicating a normal operation, and the power supply device 100 

operates in normal mode (continuous mode). In this state, the output current is a 

predetermined current, and the output voltage VO is a predetermined voltage as 

well. Since the voltage of the output terminal C of the MPU 39 is at a low level, the 

required current is flowing through the photodiode 37; the phototransistor 38 is on; 

and the PFC circuit is operating. In normal mode, the output voltage VO is the 

predetermined voltage and is higher than the first threshold voltage Vth1 and 

second threshold voltage Vth2; therefore, the voltage of the output terminal OUT of 

the control IC 53 is at a low level, and the transistor 54 is off. However, the voltage of 

the output terminal C of the MPU 39 is at a low level and therefore the required 

current flows through the photodiode 42 through the diode 44. For this reason, the 

phototransistor 43 is on; the FET 18 is on; the voltage of the STB terminal is at a low
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level (off); and the FETs 24 and 25 operate continuously.  

[0047] 

Then, when the MPU 39 acquires or generates an external signal indicating 

a standby operation, the power supply device 100 makes a transition from state SI 

to state S2. That is, the voltage of the output terminal C of the MPU 39 is raised to a 

high level. Thus, the current flowing through the photodiode 37 is shut off or 

reduced; the phototransistor 38 is turned from on to off; and the FET 16 is turned 

off. As a result, the PFC circuit stops operating. Since the transistor 54 remains off, 

the current flowing through the photodiode 42 is shut off or reduced; the 

phototransistor 43 is turned from on to off; the FET 18 is turned off; and the voltage 

of the STB terminal is raised to a high level. Thus, the FETs 24 and 25 operate 

intermittently. In this case, the PFC circuit stops operating and thus the voltage 

inputted to the transformer 20 is not raised. As a result, the voltages between the 

sources and drains of the FETs 24 and 25 are reduced.  

[0048] 

Since the FETs 24 and 25 operate intermittently, the output current 10 is 

reduced in a manner corresponding to a light load in standby mode. For example, if 

the light load is on the order of several W or less, the FETs 24 and 25 can continue 

the operation while maintaining the output voltage VO and output current 10.  

[0049] 

When, for example, a middle load of more than several W (e.g., several tens 

of W or so) is connected to the output terminals A in state S2, the power supply 

device 100 makes a transition from state S2 to state S3. In state S3, required power 

exceeds the power which can be supplied in standby mode and thus the output 

voltage VO starts to decrease from the predetermined voltage. When the voltage 

detector 50 detects that the output voltage VO has fallen below the first threshold 

voltage Vth 1, the transistor 54 is turned on, and the required current flows through 

the photodiode 42. Thus, the phototransistor 43 is turned from off to on; the FET 18 

is turned on; the voltage of the STB terminal is reduced from a high level to a low 

level; and the FETs 24 and 25 operate continuously in standby mode.  

[0050] 

Due to the continuous operation of the FETs 24 and 25 in state S3, the 

output current 10 can supply sufficient power to the middle load. Thus, the output 

voltage VO starts to increase.  

[0051] 

When the voltage detector 50 detects that the output voltage VO has risen
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above the second threshold voltage Vth2, the transistor 54 is turned off, and the 

current no longer flows through the photodiode 42. Thus, the phototransistor 43 is 

turned from on to off; the FET 18 is turned off; the voltage of the STB terminal is 

raised from a low level to a high level; and the FETs 24 and 25 operate intermittently 

in standby mode. Thereafter, similar operations are repeated.  

[0052] 

Fig. 4 is a timing chart showing an example of the operation of a 

conventional power supply device in standby mode. Note that voltage and current 

waveforms in Fig. 4 are schematically shown for simplicity and may differ from 

actual waveforms. In Fig. 4, state S2 indicates a state in which in standby mode a 

switching transistor operates intermittently and supplies a predetermined small 

current to a light load, as well as supplies a predetermined output voltage to the 

light load.  

[0053] 

When a middle load is connected to the output terminal of the power supply 

device in state S2, the power supply device makes a transition to state S3. Thus, the 

current supplied by the power supply device is reduced, and the output voltage is 

reduced as well. The reduction in the output voltage results in the shutdown of an 

electrical apparatus (e.g., a monitor, a display) including the power supply device.  

Although the power supply device is temporarily shut down, a commercial power 

supply is connected to the power supply device. Thus, a control circuit in the power 

supply device starts to operate; the electrical apparatus restarts; and the output 

voltage and current start to increase. However, the switching transistor operates 

intermittently. Accordingly, a shortage of power that can be supplied occurs again; 

the current and output voltage are reduced; and the electrical apparatus is shut 

down again. Thereafter, similar operations are repeated.  

[0054] 

On the other hand, the power supply device 100 of the present embodiment 

detects the voltage on the secondary side of the transformer 20, that is, the output 

voltage VO using the voltage detector 50. It is assumed that when the current 

resonant control circuit 17 is controlling the FETs 24 and 25 so that the FETs 

operate intermittently, in accordance with an external signal indicating an 

intermittent operation, that is, when it is supplying power to a less 

power-consuming load (light load) during standby, the voltage detected by the 

voltage detector 50 has fallen below the predetermined first threshold voltage Vth 1.  

The reason why the voltage detected by the voltage detector 50 is reduced is that a
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more power-consuming load (middle load) is connected to the output of the power 

supply device and thus the load current is increased. In this case, the 

phototransistor 43 causes the current resonant control circuit 17 to control the 

FETs 24 and 25 so that the intermittent operation of the FETs 24 and 25 switches to 

the continuous operation.  

[0055] 

As seen above, the intermittent operation of the FETs 24 and 25 temporarily 

switches to the continuous operation even during standby. Thus, even when a 

relatively large load (a middle load, for example, several tens of W or so) is connected 

and thus the load current is increased, the output voltage is prevented from keeping 

falling below the first threshold voltage Vthl, and the required power can be 

supplied even during standby.  

[0056] 

When the switching unit (phototransistor 43) has caused the FETs 24 and 

25 to switch to operate continuously during standby and when the voltage detected 

by the voltage detector 50 has risen above the second threshold voltage Vth2, which 

is higher than the first threshold voltage Vth1, the switching unit causes the 

current resonant control circuit 17 to control the FETs 24 and 25 so that the FETs 

switches to operate intermittently. When a relatively large load is connected during 

standby and the operation of the FETs 24 and 25 is switched from the intermittent 

operation to the continuous operation, a large load current can be supplied. When 

the sufficient current is supplied to the connected load, the output voltage VO is 

increased. When the voltage detected by the voltage detector 50 (output voltage VO) 

has risen above the second threshold voltage Vth2, which is higher than the first 

threshold voltage Vth1, the operation of the FETs 24 and 25 is returned to the 

intermittent operation, which is a standby operation, since the sufficient power is 

being supplied to the load. Further, the first threshold voltage Vthl and second 

threshold voltage Vth2 are different voltages and therefore it is possible to prevent 

the operation from being frequently switched between the intermittent operation 

and the continuous operation.  

[0057] 

Further, when the MPU 39 acquires an external signal indicating a 

continuous operation and thus the current resonant control circuit 17 controls the 

FETs 24 and 25 so that the FETs operate continuously, the diode 44 serving as part 

of the switching unit invalidates the detection of the voltage by the voltage detector 

50.
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[0058] 

More specifically, by turning on the diode 44 and forcefully turning on the 

photodiode 42, the phototransistor 43 and FET 18 (the transistor defining a 

continuous operation or an intermittent operation) are turned on to switch the 

operation mode to a continuous operation. Thus, when an external signal indicating 

a continuous operation is acquired, the FETs 24 and 25 can be operated 

continuously, regardless of the presence of the voltage detector 50. Further, it is 

possible to reliably prevent the normal operation (continuous operation) of the FETs 

24 and 25 from switching to the intermittent operation.  

[0059] 

As described above, when the load is light, a predetermined intermittent 

operation is performed in standby mode and therefore standby power is not 

increased, that is, standby power is not affected. On the other hand, when a middle 

load is connected, a continuous operation and an intermittent operation are 

repeated even in standby mode. Thus, power required by the middle load can be 

supplied. That is, a medium amount of power or so can be outputted even in 

standby mode, and there is no need for an auxiliary power supply or the like. Thus, 

high efficiency, downsizing, cost reduction, the simplification of the circuit, a 

reduction in substrate area, and the like can be achieved.  

[0060] 

Second Embodiment 

Fig. 5 is a block diagram showing an example of the circuit configuration of 

a power supply device 120 of a second embodiment. Fig. 6 is a timing chart showing 

an example of the operation of the power supply device 120 of the second 

embodiment. The power supply device in Fig. 5 differs from that of the first 

embodiment in that it includes a current detection circuit 60 as a load detector in 

place of the voltage detector 50.  

[0061] 

As shown in Fig. 6, state SI and state S2 of the second embodiment are 

similar to those of the first embodiment.  

[0062] 

When, for example, a middle load of more than several W (e.g., several tens 

of W or so) is connected to output terminals A in state S2, the power supply device 

120 makes a transition from state S2 to state S3. In state S3, required power exceed 

the power which can be supplied in standby mode and thus an output voltage VO is 

reduced from a predetermined voltage. Also, an output current 10 starts to increase
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so that power is supplied to the load. When the current detection circuit 60 detects 

that the output current 10 has risen above a first threshold current Ith 1, it outputs 

an ON signal for a continuous operation, and the required current flows through a 

photodiode 42. Thus, a phototransistor 43 is turned from off to on; an FET 18 is 

turned on; the voltage of the STB terminal is reduced from a high level to a low level; 

and FETs 24 and 25 operate continuously in standby mode.  

[0063] 

Due to the continuous operation of the FETs 24 and 25 in state S3, the 

output voltage VO is increased, and the output current 10 starts to decrease.  

[0064] 

When the current detection circuit 60 detects that the output current 10 

has fallen below a second threshold current Ith2, it outputs OFF, and the current 

no longer flows through the photodiode 42. Thus, the phototransistor 43 is turned 

from on to off; the FET 18 is turned off; the voltage of the STB terminal is raised from 

a low level to a high level; and the FETs 24 and 25 operate intermittently in standby 

mode. Thereafter, similar operations are repeated.  

[0065] 

As with that of the first embodiment, the power supply device of the second 

embodiment also can supply the required power even during standby.  

[0066] 

Third Embodiment 

Fig. 7 is a block diagram showing an example of the circuit configuration of 

a power supply device 140 of a third embodiment. Fig. 8 is a timing chart showing 

an example of the operation of the power supply device 140 of the third embodiment.  

The power supply device in Fig. 7 differs from that of the first embodiment in that it 

includes a USB-DOWN load detection circuit 70 as a connection determination unit 

in place of the voltage detector 50. As shown in Fig. 7, the connection determination 

unit includes, for example, the USB-DOWN load detection circuit 70.  

[0067] 

The USB-DOWN load detection circuit 70 can be formed by, for example, a 

switch, such as a mechanical switch or electrical switch, disposed on a connector 

(not shown) for supplying power from output terminals A of the power source 

apparatus 140 to an external device (also called, for example, USB-DOWN 

connector, DOWN connector). The USB-DOWN load detection circuit 70 detects 

"detection high" and "detection low" as USB-DOWN load connection.  

[0068]



19 

More specifically, when the cable (also referred to as USB-DOWN cable) of 

an external device is connected to the DOWN connector, the switch is switched (for 

example, may be turned from OFF to ON or may be turned from ON to OFF), and the 

USB-DOWN load detection circuit 70 detects "detection high" and thus determines 

that the external device has been connected (there is connection). On the other 

hand, when the cable of any external device is not connected to the DOWN 

connector, the USB-DOWN load detection circuit 70 detects "detection low" and 

thus determines that any external device has not been connected (there is no 

connection).  

[0069] 

In Fig. 8, state S2 shows a case in which any external device has not been 

connected.  

[0070] 

When an external device is connected in state S2, USB-DOWN load 

connection becomes "detection high," and the power supply device 140 makes a 

transition from state S2 to state S3. In state S3, the USB-DOWN load detection 

circuit 70 passes the required current through a photodiode 42. Thus, a 

phototransistor 43 is turned from off to on; an FET 18 is turned on; the voltage of 

the STB terminal is reduced from a high level to a low level; and FETs 24 and 25 

operate continuously in standby mode.  

[0071] 

Due to the continuous operation of the FETs 24 and 25 in state S3, an 

output current 10 and an output voltage VO are increased and can supply sufficient 

power to the external device.  

[0072] 

When the external device is disconnected from the connector in state S3, 

USB-DOWN load connection becomes "detection low," and the power supply device 

140 makes a transition from state S3 to state S2. In state S2, the USB-DOWN load 

detection circuit 70 shuts off the current flowing through the photodiode 42. Thus, 

the phototransistor 43 is turned from on to off; the FET 18 is turned off; the voltage 

of the STB terminal is raised from a low level to a high level; and the FETs 24 and 25 

operate intermittently in standby mode. Thereafter, similar operations are repeated 

in accordance with whether an external device has been connected.  

[0073] 

As with that of the first embodiment, the power source apparatus device of 

the third embodiment also can supply the required current even during standby.
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[0074] 

The power supply devices 100, 120, and 140 can be incorporated into 

electrical apparatuses, such as a monitor and a display. Thus, it is possible to 

realize an electrical apparatus in which when the power supply device 100, 120, or 

140 is operating intermittently on the basis of an external signal indicating an 

intermittent operation acquired from the outside or inside of the electrical 

apparatus and when a more power-consuming external load (middle load) is 

connected to a connector (e.g., a USB connector) connected to the output terminals 

A of the power supply device, the power supply device can temporarily switch the 

operation mode from an intermittent operation to an continuous operation and 

supply the required power to the external load.  

Reference Signs List 

[0075] 

17 current resonant control circuit (controller) 

18 FET (controller, transistor) 

20 transformer (current resonant circuit) 

21 primary winding 

22 secondary winding 

23 capacitor (current resonant circuit) 

24, 25 FET (switching element) 

39 MPU 

42 photodiode (switching unit) 

43 phototransistor (switching unit) 

44 diode (switching unit) 

50 voltage detector (load detector) 

60 current detection circuit (load detector) 

70 USB-DOWN load detection circuit (connection determination unit)
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A power supply device that comprises a current resonant circuit 

configured to drive a transformer and a resonant circuit using a switching element, 

the resonant circuit being connected to a primary side of the transformer, the 

switching element being periodically repeatedly turned on and off, and a controller 

configured to control the switching element so that the switching element performs 

a continuous operation in which the switching element is turned on and off 

continuously repeatedly or an intermittent operation in which the switching 

element is turned on and off intermittently repeatedly, in accordance with an 

external signal from MPU, indicating the continuous operation or the intermittent 

operation, the power supply device comprising: 

a voltage detector configured to detect a voltage on a secondary side of the 

transformer; and 

a switching unit configured to, when the controller is controlling the 

switching element so that it performs the intermittent operation, in accordance with 

an external signal indicating the intermittent operation and when a voltage detected 

by the voltage detector has fallen below a predetermined first threshold voltage, 

cause the controller to control the switching element so that it forcibly switches to 

perform the continuous operation, 

wherein the controller is disposed on the primary side.  

2. The power supply device of Claim 1, wherein when the switching unit has 

caused the controller to control the switching element so that it forcibly switches to 

perform the continuous operation and when the voltage detected by the voltage 

detector has risen above a second threshold voltage which is higher than the first 

threshold voltage, the switching unit causes the controller to control the switching 

element so that it switches to perform the intermittent operation.  

3. The power supply device of Claim 1 or 2, wherein when the controller is 

being given an external signal indicating the continuous operation, the switching 

unit invalidates detection of the voltage by the voltage detector.
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4. The power supply device of Claim 3, wherein 

the voltage detector comprises a plurality of resistors connected to the 

secondary side of the transformer in series, 

the switching unit comprises a photodiode configured to be turned on or off 

in accordance with a voltage divided by the resistors and a phototransistor disposed 

on a primary side of the transformer and configured to be turned on or off in 

response to the photodiode being turned on or off, and 

the controller comprises a transistor configured to determine the 

continuous operation or the intermittent operation in accordance with an on state 

or an off state of itself and is configured to turn on or off the transistor in response 

to the phototransistor being turned on or off.  

5. The power supply device of Claim 4, wherein the switching unit further 

comprises a diode connected to a cathode of the photodiode and is configured to, 

when the switching unit is being given an external signal indicating the continuous 

operation, turn on the diode.  

6. A power supply device that comprises a current resonant circuit 

configured to drive a transformer and a resonant circuit using a switching element, 

the resonant circuit being connected to a primary side of the transformer, the 

switching element being periodically repeatedly turned on and off, and a controller 

configured to control the switching element so that the switching element performs 

a continuous operation in which the switching element is turned on and off 

continuously repeatedly or an intermittent operation in which the switching 

element is turned on and off intermittently repeatedly, in accordance with an 

external signal from MPU, indicating the continuous operation or the intermittent 

operation, the power supply device comprising: 

a load detector configured to detect magnitude of a load on a secondary side 

of the transformer; and 

a switching unit configured to, when the controller is controlling the 

switching element so that it performs the intermittent operation, in accordance with 

an external signal indicating the intermittent operation and when a load detected by 

the load detector has become larger than a predetermined first threshold, cause the 

controller to control the switching element so that it forcibly switches to perform the 

continuous operation 

wherein the controller is disposed on the primary side.
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7. A power supply device that comprises a current resonant circuit 

configured to drive a transformer and a resonant circuit using a switching element, 

the resonant circuit being connected to a primary side of the transformer, the 

switching element being periodically repeatedly turned on and off, and a controller 

configured to control the switching element so that the switching element performs 

a continuous operation in which the switching element is turned on and off 

continuously repeatedly or an intermittent operation in which the switching 

element is turned on and off intermittently repeatedly, in accordance with an 

external signal from MPU, indicating the continuous operation or the intermittent 

operation, the power supply device comprising: 

a connection determination unit configured to determine whether an 

external device has been connected to a secondary side of the transformer; and 

a switching unit configured to, when the controller is controlling the 

switching element so that it performs the intermittent operation, in accordance with 

an external signal indicating the intermittent operation and when the connection 

determination unit determines that an external device has been connected, cause 

the controller to control the switching element so that it forcibly switches to perform 

the continuous operation, 

wherein the controller is disposed on the primary side.  

8. An electrical apparatus comprising: 

the power supply device of any one of Claims 1 to 7; and 

a connector disposed on a secondary side of the transformer, wherein 

when the power supply device is given an external signal indicating the 

intermittent operation, the power supply device can supply power to an external 

device connected to the connector.
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