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57 ABSTRACT

A multi-output power supply device of low noise is disclosed
that converts a first input voltage to plural different voltages.
The multi-output power supply device includes a first power
supply circuit for generating a constant voltage from the first
input voltage, and outputs the constant voltage through a first
output terminal; and one or more second power supply cir-
cuits each including a charge pump circuit for generating a
constant voltage from the output voltage from the first power
supply circuit. Each of the second power supply circuits
changes a period of a charging and discharging cycle for
charging and discharging a flying capacitor according to an
electric current output from the second output terminal.

12 Claims, 5 Drawing Sheets
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1
MULTI-OUTPUT POWER SUPPLY DEVICE
HAVING CHARGE PUMP CIRCUIT

TECHNICAL FIELD

This disclosure relates to a multi-output power supply
device that supplies plural output voltages, and particularly,
to a multi-output power supply device which has a charge
pump circuit and is able to reduce noise of output voltages.

BACKGROUND ART

In the related art, a technique is used to improve efficiency
of'a charge pump circuit by changing the frequency of a clock
signal for driving the charge pump circuit.

FIG. 4 is a block diagram exemplifying a configuration of
a step-up circuit in the related art.

For example, the step-up circuit in FIG. 4 is disclosed in
Japanese Laid Open Patent Application No. 2000-236657
(below, referred to as “reference 1”).

In the step-up circuit in FIG. 4, a voltage comparison
circuit 105 compares a reference voltage with the output
voltage Vout of a charge pump circuit 102, and when a SET
signal is input to the voltage comparison circuit 105, the
voltage comparison circuit 105 sets a FAST signal status and
a SLOW signal status depending on the comparison results.

The SET signal is also input to a frequency setting pointer
103, when the FAST signal is at a high level and the SLOW
signal is at a low level, each time the SET signal is input, a
high level signal among output signals S1 through Sn of the
frequency setting pointer 103 shifts from S1 to Sn in order. To
the contrary, when the FAST signal is at the low level and the
SLOW signal is at the high level, each time the SET signal is
input, a high level signal among the output signals S1 through
Sn of'the frequency setting pointer 103 shifts from Snto S1in
order.

The output signals S1 through Sn of the frequency setting
pointer 103 are input to a selector 101. Further, a clock signal
CLK1, and clock signals CLLK2 through CLKn, which are
signals obtained by dividing the clock signal CLK1 with a
divider 104, are also input to the selector 101. Depending on
statuses of the output signals S1 through Sn of the frequency
setting pointer 103, one of the clock signals CLK1 through
CLKan, which signals are input to the selector 101, is selected
and is output to the charge pump circuit 102 as a clock signal
Cin.

In other words, when the FAST signal is at the high level,
each time the SET signal is input, the frequency of the clock
signal Cin is increased, and when the SLOW signal is at the
high level, each time the SET signal is input, the frequency of
the clock signal Cin is decreased.

In the related art, utilizing such a function, when resetting
or powering on a system, a clock signal of a highest frequency
is used to boost a voltage to a desired value in a time period as
short as possible; in a low power consumption mode or a
standby state, a clock signal of a lowest frequency is used to
sustain the output voltage of the charge pump circuit 102 to be
higher than a preset value. Therefore, the current consump-
tion is reduced to be a minimum.

FIG. 5 is a block diagram illustrating another example of
the configuration of a step-up circuit in the related art.

For example, the step-up circuit in FIG. 5 is disclosed in
Japanese Laid Open Patent Application No. 2000-278937
(below, referred to as “reference 2”).

In the step-up circuit in FIG. 5, an HVcce detection circuit
117 detects a step-up voltage HVcc, compares the detected
step-up voltage HVce with a reference voltage, and outputs a
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2

signal corresponding to a difference between the detected
step-up voltage HVcc and the reference voltage to a control
circuit 118. In response to the input signal, the control circuit
118 outputs a select signal to a selector 112, the select signal
being used for selecting a clock signal having a frequency
corresponding to the voltage difference between the detected
step-up voltage HVcc and the reference voltage.

In addition, the HVcc detection circuit 117 has plural ref-
erence voltages which are used for comparison with the
detected step-up voltage HVcc; the HVee detection circuit
117 selects one of the reference voltages through instructions
from the control circuit 118 according to system (like a micro-
computer) requests or operation modes, and an output voltage
HVcce of a charge pump step up circuit 111 is set according to
the selected reference voltage. Therefore, by changing the
frequency of a clock signal input to the charge pump step up
circuit 111, it is possible to set the step-up voltage HVcc to be
any value.

Each of the above techniques of the related art, however, is
devised for a single charge pump circuit, but is not suitable for
clock signals when using plural charge pump circuits; due to
this, problems occur when operating the plural charge pump
circuits simultaneously. Specifically, when the plural charge
pump circuits are put into operation with the same clock
signal, because timings of charging flying capacitors from an
input power supply device overlap each other, during the
charging, the current output from the input power supply
device is large. Due to this, the output voltage from the input
power supply device decreases for an instant, and this pro-
duces spike noise. When the output voltage from the input
power supply device is supplied to a circuit of an apparatus,
such spike noise may cause malfunction of the apparatus.

In addition, when the output voltage of a PWM switching
regulator is used as the input power supply device of the
charge pump circuits, if the ON/OFF timing of switching
transistors of the switching regulator overlap the timing of
charging the flying capacitors from the input power supply
device, the above-mentioned spike noise may become a
severe problem.

SUMMARY

In an aspect of this disclosure, there is provided a multi-
output power supply device of low noise, the multi-output
power supply device having plural DC-DC converters each
including a charge pump circuit.

According to another aspect of this disclosure, there is
provided a multi-output power supply device that converts a
first input voltage input from an input terminal thereof to
plural voltages having predetermined different values, and
outputs the voltages through plural output terminals, respec-
tively, said multi-output power supply device comprising:

a first power supply circuit that generates a predetermined
constant voltage from the first input voltage, and outputs the
constant voltage through a first output terminal; and

one or more second power supply circuits each including a
charge pump circuit, said charge pump circuit using the out-
put voltage of the first power supply circuit as a second input
voltage and generating a predetermined constant voltage
from the second input voltage, and outputs the predetermined
constant voltage through a second output terminal,

wherein

each of the second power supply circuits changes a period
of a charging and discharging cycle for charging and dis-
charging a flying capacitor according to an electric current
output from the second output terminal.

SK hynix Ex. 1011, Page 8 of 15
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Preferably, each of the second power supply circuits short-
ens the period of the charging and discharging cycle for
charging and discharging the flying capacitor when the elec-
tric current output from the second output terminal increases.

Preferably, each of the second power supply circuits com-
prises:

avoltage conversion circuit that charges and discharges the
flying capacitor according to an input clock signal, converts
the second input voltage, and outputs the converted second
input voltage through the second output terminal; and

a control circuit that controls voltage conversion in the
voltage conversion circuit so that the voltage output from the
second output terminal becomes the predetermined constant
voltage,

wherein

the control circuit changes a frequency of a predetermined
reference clock signal according to an electric current output
from the second output terminal to generate the clock signal,
and outputs the obtained clock signal to the voltage conver-
sion circuit.

Preferably, the control circuit comprises:

aclock signal generation circuit that generates plural clock
signals having different frequencies from the reference clock
signal; and

a clock signal selection circuit that exclusively selects one
of the clock signals output from the clock signal generation
circuit, and outputs the selected clock signal to the voltage
conversion circuit.

Preferably, the clock signal generation circuit includes a
frequency-division circuit that divides the reference clock
signal with predetermined different division ratios to generate
and output the clock signals having different frequencies.

Preferably, the clock signal selection circuit comprises:

a selection circuit that selects one of the clock signals
output from the clock signal generation circuit according to
an input control signal; and

an output current detection circuit that detects the electric
current output from the second output terminal, and controls
operations of the selection circuit according to the detected
current,

wherein

the output current detection circuit controls the selection
circuit so that the selection circuit outputs one of the clock
signals having a high frequency when the electric current
output from the second output terminal is large.

Preferably, the first power supply circuit comprises:

a switching regulator having an inductor,

wherein

a clock signal defining a switching timing of the switching
regulator for charging the inductor has a phase difference
with the reference clock signal.

Preferably, the first power supply circuit uses a predeter-
mined triangular signal to perform PWM control on the
switching regulator, and

the reference clock signal is a rectangular signal having a
duty cycle less than 20% and having the same frequency as
the triangular signal.

According to another aspect of this disclosure, there is
provided a multi-output power supply device that converts a
first input voltage input from an input terminal thereof to
plural voltages having predetermined different values, and
outputs the voltages through plural output terminals as output
voltages, respectively, said multi-output power supply device
comprising:

a first power supply circuit that generates a predetermined
constant voltage from the first input voltage, and outputs the
constant voltage through a first output terminal; and
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4

plural second power supply circuits each including a
charge pump circuit, said charge pump circuit using the out-
put voltage of the first power supply circuit as a second input
voltage, generating a predetermined constant voltage from
the second input voltage, and outputting the predetermined
constant voltage through a second output terminal,

wherein

the second power supply circuits have different timings of
charging and discharging cycles for charging and discharging
a flying capacitor.

Preferably, each of the second power supply circuits com-
prises:

avoltage conversion circuit that charges and discharges the
flying capacitor according to an input clock signal, converts
the second input voltage, and outputs the converted second
input voltage through the second output terminal; and

a control circuit that controls voltage conversion in the
voltage conversion circuit so that the voltage output from the
second output terminal becomes the predetermined constant
voltage,

wherein

the control circuit of each of the second power supply
circuits generates the clock signal from a predetermined ref-
erence clock signal with the clock signals in different second
power supply circuits having different phases, and outputs the
obtained clock signal to the corresponding voltage conver-
sion circuit.

In the aforementioned multi-output power supply, there are
provided one or more second power supply circuits each
including a charge pump circuit for generating a predeter-
mined constant voltage from the output voltage of the first
power supply circuit and outputting the predetermined con-
stant voltage through a second output terminal, and each of
the second power supply circuits changes a period of a charg-
ing and discharging cycle ofa flying capacitor according to an
electric current output from the second output terminal.
Therefore, when plural charge pump circuits are used, it is
possible to reduce the likelihood that the charge pump circuits
operate with the same clock signal; hence it is possible to
reduce spike noise compared to the case in which the same
clock signal is used for the charge pump circuits as in the
related art, and this results in low noise.

Further, the current output from the second output terminal
can be adjusted in a wide range from a small current to a large
current, and this reduces switching loss, thus improves effi-
ciency.

In addition, in the aforementioned multi-output power sup-
ply device, there are provided plural second power supply
circuits each including a charge pump circuit for generating a
predetermined constant voltage from the output voltage of the
first power supply circuit and outputting the predetermined
constant voltage through a second output terminal, and the
second power supply circuits have different timings of charg-
ing and discharging cycles for charging and discharging a
flying capacitor. Due to this, it is possible to prevent, with a
simple circuit configuration, overlapping of peaks of input
currents of different power supply circuits; hence it is pos-
sibleto reduce noise occurring in output voltages of the power
supply circuit, and this results in low noise of the device.

The aforementioned and other aspects, features, and
advantages will become more apparent from the following
detailed description of preferred embodiments with reference
to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram exemplifying a multi-output
power supply device according to a first embodiment of the
present invention;
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FIG. 2 is a circuit diagram exemplifying a multi-output
power supply device according to a second embodiment of
the present invention;

FIG. 3 is a timing chart illustrating operations of the multi-
output power supply device 1a having the above circuit con-
figuration;

FIG. 4 is a block diagram exemplifying a configuration of
a step-up circuit in the related art; and

FIG. 5 is a block diagram illustrating another example of
the configuration of a step-up circuit in the related art.

BEST MODE FOR CARRYING OUT THE
INVENTION

Below, preferred embodiments of the present invention are
explained with reference to the accompanying drawings.

First Embodiment

FIG. 1 is a circuit diagram exemplifying a multi-output
power supply device according to a first embodiment of the
present invention.

As shown in FIG. 1, a multi-output power supply device 1
boosts an input voltage Vdd, which is input from an input
terminal IN; to plural voltages having specified different val-
ues, and outputs the voltages from corresponding output ter-
minals OUT1 and OUT2, respectively. The voltages output
from the output terminals OUT1 and OUT?2 are referred to as
output voltages Vol and Vo2, respectively.

The multi-output power supply device 1 includes a first
power supply circuit 2, which serves as a step-up switching
regulator for generating and outputting the output voltage
Vo1, and a second power supply circuit 3, which serves as a
step-up charge pump circuit for generating and outputting the
output voltage Vo2 with the output voltage Vol of the first
power supply circuit 2 as an input voltage.

The first power supply circuit 2 includes an inductor L1, a
switching transistor M1, and a rectification diode D1. The
switching transistor M1 is an NMOS transistor for carrying
out switching to boost the input voltage Vdd according to an
input control signal, and for charging the inductor L1 with the
input voltage Vdd.

In addition, the first power supply circuit 2 includes a first
reference voltage generation circuit 11 which generates and
outputs a given first reference voltage Vrefl, resistors R1 and
R2 which are used for detecting the output voltage Vol, a
smoothing capacitor C1, an error amplification circuit 12, an
oscillation circuit 13 which generates and outputs a triangular
signal TW and a rectangular signal SQW, a PWM comparator
14, a buffer 15 serving as a driving circuit, and a soft start
circuit 16.

The second power supply circuit 3 includes a buffer 21
serving as a driving circuit, a level-shift circuit 22, a selector
23, a division circuit 24, an error amplification circuit 25, a
second reference voltage generation circuit 26 which gener-
ates and outputs a specified second reference voltage Vref2, a
comparator 27, a third reference voltage generation circuit 28
which generates and outputs a specified third reference volt-
age Vref3, resistors R3 and R4 which are used for detecting
the output voltage Vo2, an NMOS transistor M2, diodes D2
and D3, a flying capacitor C2, and an output capacitor C3.

Here, the buffer 21, the NMOS transistor M2, the diodes
D2 and D3, the flying capacitor C2 and the output capacitor
C3 constitute the “voltage conversion circuit” in claims of the
present invention; the level-shift circuit 22, the selector 23,
the division circuit 24, the error amplification circuit 25, the
second reference voltage generation circuit 26, the compara-
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6

tor 27, the third reference voltage generation circuit 28, and
the resistors R3 and R4 constitute the “control circuit” in
claims ofthe present invention; the error amplification circuit
25, the second reference voltage generation circuit 26, the
comparator 27, the third reference voltage generation circuit
28, and the resistors R3 and R4 constitute the “output current
detection circuit” in claims of the present invention; the rect-
angular signal SQW corresponds to the “reference clock sig-
nal” in claims of the present invention; and the output termi-
nals OUT1 and OUT2 correspond to the “first output
terminal” and the “second output terminal”, respectively, in
claims of the present invention.

In the first power supply circuit 2, the inductor L1 is con-
nected between the input terminal IN and the drain of the
switching transistor M1, and the source of the switching
transistor M1 is connected to ground. The anode of the diode
D1 is connected to the connection portion of the inductor [.1
and the drain of the switching transistor M1, and the cathode
of the diode D1 is connected to the output terminal OUT1.
The smoothing capacitor C1 is connected between the output
terminal OUT1 and ground, the resistors R1 and R2 are
connected in series between the output terminal OUT1 and
ground, and a division voltage VIbl is extracted from the
connection portion of the resistors R1 and R2.

In the error amplification circuit 12, the division voltage
Vb1 is input to an inverted input terminal, the first reference
voltage Vrefl is input to a non-inverted input terminal, an
output signal VA1 is generated by amplitying a voltage dif-
ference between the division voltage Vb1 and the first refer-
ence voltage Vrefl, and the resulting signal is output from an
output terminal of the error amplification circuit 12 as an
output signal VA1.

Inthe PWM comparator 14, the output signal VA1 from the
error amplification circuit 12 is input to a non-inverted input
terminal, and the triangular signal TW is input to an inverted
input terminal. The PWM comparator 14 uses the triangular
signal TW to perform PWM modulation on the output signal
VA1, and generates and outputs a pulse signal Spwm. The
pulse signal Spwm is input to the gate of the switching tran-
sistor M1 through the buffer 15.

After a certain time period elapses since the soft start
circuit 16 is started, in order that an on-duty cycle of the pulse
signal Spwm gradually lengthens at a specified speed, the soft
start circuit 16 directs the first reference voltage generation
circuit 11 to step up the first reference voltage Vrefl gradually
at a specified speed, thereby, preventing a too large current
and overshoot of the output voltage Vol from the input ter-
minal IN.

In the second power supply circuit 3, the cathode of the
diode D2 is connected to the anode of the diode D3, and the
cathode of the diode D3 is connected to the output terminal
OUT?2. The flying capacitor C2 is connected between an
output terminal of the buffer 21 and the cathode of the diode
D2, and the output capacitor C3 is connected between the
output terminal OUT2 and ground. The buffer 21 and the
level-shift circuit 22 operate with the output voltage Vol as a
power voltage, and the NMOS transistor M2 is connected
between a negative power supply end of the buffer 21 and
ground.

The resistors R3 and R4 are connected in series between
the output terminal OUT2 and ground, and a division voltage
V1b2 is extracted from the connection portion of the resistors
R3 and R4.

In the error amplification circuit 25, the division voltage
V1b2 is input to an inverted input terminal, the second refer-
ence voltage Vref2 is input to a non-inverted input terminal,
an output signal VA2 is generated by amplifying a voltage
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difference between the division voltage Vb2 and the second
reference voltage Vref2, and the resulting signal is output
from an output terminal of the error amplification circuit 25 as
the output signal VA2. The output signal VA2 from the error
amplification circuit 25 is input to the gate of the NMOS
transistor M2 and a non-inverted input terminal of the com-
parator 27, the third reference voltage Vref3 is input to the
inverted input terminal of the comparator 27, and the output
signal from the comparator 27 is input to the selector 23.

The rectangular signal SQW from the oscillation circuit 13
is input to the division circuit 24; the division circuit 24
divides the frequency of the rectangular signal SQW by two,
thus obtaining a rectangular signal SQW1, and divides the
frequency of the rectangular signal SQW by four, thus obtain-
ing a rectangular signal SQW2; and outputs the rectangular
signal SQW1 and the rectangular signal SQW2 to corre-
sponding input terminals of the selector 23. The selector 23
exclusively selects one of the rectangular signal SQW1 and
the rectangular signal SQW2 according to the signal from the
comparator 27, and outputs the selected signal to the level-
shift circuit 22 as a clock signal CK. The level-shift circuit 22
shifts the level of the clock signal CK, and outputs the result-
ing signal to an input terminal of the buffer 21.

Note that the oscillation circuit 13 may generate a rectan-
gular signal SQW having the same frequency as the triangular
signal TW and having a duty cycle less than 20%. In doing so,
it is possible to generate a phase difference between clock
signals, and provide a reference of a switching timing of the
switching transistor M1 and the rectangular signal SQW serv-
ing as the reference clock signal.

In the multi-output power supply device 1 having the above
circuit configuration, in the second power supply circuit 3,
when the output signal of the buffer 21 is at a low level, the
flying capacitor C2 is charged by the output voltage Vo1 of the
first power supply circuit 2 through the diode D2. At this
moment, since the charging current of the flying capacitor C2
is regulated by the drain current of the NMOS transistor M2,
the charge stored in the flying capacitor C2 is controlled by
the time period when the output signal of the buffer 21 is
maintained in the lower level, and the drain current of the
NMOS transistor M2. When the output signal of the buffer 21
is at a high level, the voltage at the end of the flying capacitor
C2 on the side of the diode D2 rises to the output voltage Vol
or higher, the output capacitor C3 is charged by this voltage
through the diode D3. Due to this, the output voltage Vo2 of
the second power supply circuit 3 is approximately equal to
the output voltage Vol of the first power supply circuit 2
added to the charging voltage of the flying capacitor C2 if
voltage drops on the diode D2 and the diode D3 are neglected.

On the other hand, in the error amplification circuit 25, the
gate voltage of the NMOS transistor M2 is controlled so that
the division voltage Vib2 becomes equal to the second refer-
ence voltage Vref2. For this purpose, when the output current
from the output terminal OUT2 of the second power supply
circuit 3 increases, and the output voltage Vo2 decreases, the
output voltage of the error amplification circuit 25 increases,
the gate voltage of the NMOS transistor M2 is increased
accordingly, and the drain current of the NMOS transistor M2
increases. Due to this, the charge stored in the flying capacitor
C2 increases, the voltage on the flying capacitor C2 increases,
and the output voltage Vo2 increases.

Conversely, when the output voltage Vo2 of the second
power supply circuit 3 increases, the output voltage of the
error amplification circuit 25 decreases, the drain current of
the NMOS transistor M2 is decreased accordingly, and the
charge stored in the flying capacitor C2 decreases.
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In this way, in the second power supply circuit 3, the charge
stored in the flying capacitor C2 is controlled according to the
output voltage Vo2, and it is possible to control the output
voltage Vo2 to be equal to a preset constant voltage.

As most of the power loss of the charge pump circuit
serving as the second power supply circuit 3 is caused by the
switching element in the buffer 21, when the frequency of the
clock signal CK is high, the loss increases, and the efficiency
decreases. For this reason, it is desirable that the second
power supply circuit 3 operate with the clock signal CK of a
frequency as low as possible, and this improves the efficiency.
However, when the frequency of the clock signal CK is low,
the number of times of charging the output capacitor C3 by
the charge stored in the flying capacitor C2 becomes small;
thus the output current from the output terminal OUT2 of the
second power supply circuit 3 increases, and the output volt-
age Vo2 decreases. Therefore, in the second power supply
circuit 3, when the output current increases, and the gate
voltage of the NMOS transistor M2 is increased to a preset
value or higher, the frequency of the clock signal CK is
increased.

Namely, when the gate voltage of the NMOS transistor M2
is higher than the third reference voltage Vret3, the compara-
tor 27 outputs a high level signal. Receiving the high level
signal from the comparator 27, the selector 23 selects the
rectangular signal SQW1 to increase the frequency of the
clock signal CK. As a result, the number of times of charging
the flying capacitor C2 is doubled. In addition, when the gate
voltage of the NMOS transistor M2 is lower than the third
reference voltage Vref3, the comparator 27 outputs a low
level signal. Receiving the low level signal from the compara-
tor 27, the selector 23 selects the rectangular signal SQW2 to
output the clock signal CK. As a result, the number of times of
charging the flying capacitor C2 is reduced by half.

Since when the frequency of the clock signal CK is high,
the gate voltage of the NMOS transistor M2 decreases
slightly, a certain amount of hysteresis can be provided at an
input end of the comparator 27 to cover this voltage decease.
Due to this, it is possible to ensure stable operations.

In addition, in the above, for simplicity, it is assumed that
there is only one second power supply circuit 3. Certainly, the
present embodiment may have plural second power supply
circuits 3. In this case, the rectangular signal SQW from the
oscillation circuit 13 is input to the division circuits 24 of the
second power supply circuits 3.

In addition, in the above, for simplicity, it is assumed that
the rectangular signal SQW1 and the rectangular signal
SQW?2 input to the selector 23 are obtained by dividing the
frequency of the rectangular signal SQW serving as the ref-
erence clock signal by two, and dividing the frequency of the
rectangular signal SQW by four. Certainly, the present
embodiment is not limited to this. For example, instead of the
rectangular signal SQW1 and the rectangular signal SQW2,
the rectangular signal SQW may be used. In addition, the
number of signals input to the selector 23 may be three or
more. In this case, however, it is sufficient to accordingly
increase the number of the control signal input terminals of
the selector 23, and provide a sufficient number of reference
voltages different from the third reference voltage Vref3.

According to the multi-output power supply device of the
first embodiment of the present invention, in the charge pump
circuit serving as the second power supply circuit 3, in which
the output voltage Vo2 is generated from the output voltage
Vol of the first power supply circuit 2, when the output
current from the output terminal OUT?2 of the second power
supply circuit 3 increases, and the gate voltage of the NMOS
transistor M2 is increased to a preset value or higher, the
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frequency of the clock signal CK is increased. As a result,
since it is possible to appropriately change the frequency of
the clock signal CK depending on the condition of the load
connected to the output terminal OUT2. Even when plural
charge pump circuits are used, it is possible to reduce the
likelihood that the charge pump circuits operate with the same
clock signal; hence it is possible to reduce spike noise com-
pared to the case in which the same clock signal is used for the
charge pump circuits as in the related art, and this results in
low noise.

Further, the current output from the second output terminal
can be adjusted in a wide range from a small current to a large
current; this reduces switching loss, thus improves efficiency.

Second Embodiment

In the first embodiment, the frequency of the clock signal
CK is appropriately changed depending on the condition of
the load connected to the output terminal OUT?2 of the charge
pump circuit serving as the second power supply circuit 3.

In the present embodiment, instead of the frequency of the
clock signal CK, the phase of the clock signal CK used in the
charge pump circuit is appropriately changed.

FIG. 2 is a circuit diagram exemplifying a multi-output
power supply device according to a second embodiment of
the present invention.

In FIG. 2, the same reference numbers are assigned to the
same components as those illustrated in FIG. 1, overlapping
descriptions are omitted, and only differences between the
first embodiment and the second embodiment are described.

A multi-output power supply device 1a shown in FIG. 2 is
different from the multi-output power supply device 1 in FIG.
1 in that the oscillation circuit 13, the division circuit 24, the
first power supply circuit 2, and the second power supply
circuit 3 in FIG. 1 are changed to an oscillation circuit 13a, a
division circuit 24a, a first power supply circuit 2a, and a
second power supply circuit 3a. Further, there is additionally
provided a second power supply circuit 4 in FIG. 2.

In FIG. 2, the oscillation circuit 13a generates and outputs
only the triangular signal TW, the division circuit 24a divides
the frequency of the input signal with only one division ratio;
in the second power supply circuit 3a, there are not the selec-
tor 23, the comparator 27, the third reference voltage genera-
tion circuit 28 as shown in FIG. 1, but there is provided a
comparator 27a and a fourth reference voltage generation
circuit 28a.

As shown in FIG. 2, the multi-output power supply device
1a boosts an input voltage Vdd, which is input from an input
terminal IN; to plural voltages having specified different val-
ues, and outputs the voltages from corresponding output ter-
minals OUT1, OUT2, and OUTS3, respectively. The voltages
output from the output terminals OUT1, OUT2, and OUT3
are referred to as output voltages Vol, Vo2, and Vo3, respec-
tively.

The multi-output power supply device 1a includes the first
power supply circuit 2a, which serves as a step-up switching
regulator for generating and outputting the output voltage
Vol, a second power supply circuit 3a, which serves as a
step-up charge pump circuit for generating and outputting the
output voltage Vo2 with the output voltage Vol of the first
power supply circuit 2a as an input voltage, and the second
power supply circuit 4, which serves as a step-up charge
pump circuit for generating and outputting a negative output
voltage Vo3 with the output voltage Vol of the first power
supply circuit 2qa as an input voltage.

The first power supply circuit 2a includes an inductor L1,
a switching transistor M1, a rectification diode D1, a first
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reference voltage generation circuit 11, resistors R1 and R2,
a smoothing capacitor C1, an error amplification circuit 12,
an oscillation circuit 13a which generates and outputs a tri-
angular signal TW, a buffer 15, and a soft start circuit 16.

The second power supply circuit 3a includes a bufter 21, a
level-shift circuit 22, a selector 23, a division circuit 24, an
error amplification circuit 25, a second reference voltage
generation circuit 26, a comparator 27a, a fourth reference
voltage generation circuit 28a which generates and outputs a
specified fourth reference voltage Vrefd, resistors R3 and R4,
an NMOS transistor M2, diodes D2 and D3, a flying capacitor
C2, and an output capacitor C3.

The second power supply circuit 4 includes a buffer 31, an
inverter 32, an error amplification circuit 33, a fifth reference
voltage generation circuit 34 which generates and outputs a
given fifth reference voltage Vref5, resistors RS and R6, an
NMOS transistor M3, diodes D4 and D5, a flying capacitor
C4, and an output capacitor C5.

Inthe second power supply circuit 3a, the level-shift circuit
22, the division circuit 24a, the error amplification circuit 25,
the second reference voltage generation circuit 26, the com-
parator 27a, the fourth reference voltage generation circuit
28a, and the resistors R3 and R4 constitute the “control cir-
cuit” in claims of the present invention.

In the second power supply circuit 4, the buffer 31, the
NMOS transistor M3, the diodes D4 and D5, the flying
capacitor C4 and the output capacitor C5 constitute the “volt-
age conversion circuit” in claims of the present invention; the
inverter 32, the error amplification circuit 33, the fifth refer-
ence voltage generation circuit 34, and the resistors R5 and
R6 constitute the “control circuit” in claims of the present
invention; and the output terminals OUT2 and OUT3 corre-
spond to the “second output terminal” in claims of the present
invention.

In the first power supply circuit 24 is the same as the first
power supply circuit 2 except that the oscillation circuit 13«
generates and outputs only the triangular signal TW.

In the second power supply circuit 3a, the triangular signal
TW is input to an inverted input terminal of the comparator
27a, and the fourth reference voltage Vref4 is input to a
non-inverted input terminal of the comparator 27a. The out-
put signal CPCLK from the comparator 27« is input to the
division circuit 24a, the division circuit 24a divides the fre-
quency of the output signal CPCLK by the preset division
ratio, and the resulting signal is output to the level-shift circuit
22. Other operations of the second power supply circuit 3a are
the same as the second power supply circuit 3 in FIG. 1, and
overlapping descriptions are omitted.

Inthe second power supply circuit 4, the anode of the diode
D5 is connected to the output terminal OUT3, the cathode of
the diode D5 is connected to the anode of the diode D4, and
further, the cathode of the diode D4 is grounded. The flying
capacitor C4 is connected between an output terminal of the
buffer 31 and the cathode of the diode D5, and the output
capacitor C5 is connected between the output terminal OUT3
and ground. The buffer 31 and the inverter 32 operate with the
output voltage Vol as a power voltage, and the NMOS tran-
sistor M3 is connected between a negative power supply end
of the buffer 31 and ground.

The output signal from the level-shift circuit 22 is input to
an input terminal of the inverter 32, and an output terminal of
the inverter 32 is connected to an input terminal of the buffer
31. The resistor RS is connected between the output terminal
OUT3 and a non-inverted input terminal of the error ampli-
fication circuit 33, and the resistor R6 is connected between
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the output terminal of the fifth reference voltage generation
circuit 34 and the non-inverted input terminal of the error
amplification circuit 33.

In the error amplification circuit 33, the inverted input
terminal is connected to ground, and the output terminal is
connected to the gate of the NMOS transistor M3. The output
signal CPCLK from the comparator 27a, serving as the ref-
erence clock signal, has the same frequency as the triangular
signal TW and having a duty cycle less than 20%. In doing so,
it is possible to generate a phase difference between a clock
signal providing a reference of a switching timing of the
switching transistor M1 and a clock signal CK1 output from
the buffer 21.

FIG. 3 is a timing chart illustrating operations of the multi-
output power supply device 1a having the above circuit con-
figuration.

InFIG. 3, the “clock signal CK1” is the output signal of the
buffer 21, and the “clock signal CK2” is the output signal of
the buffer 31; “C2 charging and discharging current” is the
current for charging and discharging the flying capacitor C2,
and “C4 charging and discharging current” is the current for
charging and discharging the flying capacitor C4.

Inaddition, in FIG. 3, a positive current represents a current
flowing from the output voltage Vol to the flying capacitor C2
or the flying capacitor C4 through the output terminal of the
buffer 21 or the buffer 31, whereas a negative current repre-
sents a current flowing from the side of the flying capacitor C2
or the flying capacitor C4 to ground through the output ter-
minal of the buffer 21 or the buffer 31.

In FIG. 3, an interval A represents an interval in which the
output current of the first power supply circuit 24 is large, an
interval C represents an interval in which the output current of
the first power supply circuit 2a is small, and an interval B
represents an interval in which the output current of the first
power supply circuit 2a transits from having a large output
current to having a small output current.

In the interval A, since the output current from the output
terminal OUT1 ofthe first power supply circuit 2a is large, the
output signal VA1 from the error amplification circuit 12 is at
a high voltage, thus, widths of high-level pulses of the pulse
signal Spwm output from the PWM comparator 14 increases;
namely, the pulse signal Spwm is at a high level for a long
time. As the switching transistor M1 is turned ON when the
pulse signal Spwm is at the high level, in the interval A, the
increased pulse width of the pulse signal Spwm indicates that
the time period in which the switching transistor M1 is turned
ON becomes long.

In the interval B, the output current from the output termi-
nal OUT1 of the first power supply circuit 2a decreases
gradually; and the widths of high-level pulses of the pulse
signal Spwm output from the PWM comparator 14 decrease
gradually, namely, the time period in which the pulse signal
Spwm is at the high level becomes short.

In the interval C, since the output current from the output
terminal OUT1 of the first power supply circuit 2a is small,
the pulse widths of the pulse signal Spwm output from the
PWM comparator 14 are small, namely, the time period in
which the pulse signal Spwm is at the high level is short.

The triangular signal TW from the oscillation circuit 13a is
compared to the fourth reference voltage Vref4 in the com-
parator 27a, and the output signal CPCLK is output from the
output terminal of the comparator 27a. The frequency of the
clock signal CPCLK is divided by the division circuit 24a
with the preset division ratio, and the resulting signal is input
to the buffer 21 through the level-shift circuit 22, and is used
as a clock signal of the charge pump circuit of the second
power supply circuit 3a. The output signal from the level-shift
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circuit 22 is input to the buffer 31 through the inverter 32, and
the output signal from the buffer 31 is used as a clock signal
of'the charge pump circuit of the second power supply circuit
4.

Below, descriptions are given to relationships among the
clock signal CK1, the clock signal CK2, the charging and
discharging current for charging and discharging the flying
capacitor C2, and the charging and discharging current for
charging and discharging the flying capacitor C4.

When the clock signals CK1 is at a low level, a charging
current is supplied to the flying capacitor C2 through the
diode D2 with the output voltage Vo1 of the first power supply
circuit 2a as a power voltage. However, since the NMOS
transistor M2 is connected between a negative power supply
end of the buffer 21 and ground, the charging current of the
flying capacitor C2 is limited by the drain current of the
NMOS transistor M2.

The output signal VA2 from the error amplification circuit
25 is input to the gate of the NMOS transistor M2, the second
reference voltage Vref2 is input to a non-inverted input ter-
minal of the error amplification circuit 25, and the division
voltage V1b2 is input to an inverted input terminal of the error
amplification circuit 25. Therefore, the output signal VA2
from the error amplification circuit 25 depends on the output
voltage Vo2 of the second power supply circuit 3a. Specifi-
cally, when the output voltage Vo2 of the second power sup-
ply circuit 3a increases, the output voltage VA2 of the error
amplification circuit 25 decreases, and when the output volt-
age Vo2 of the second power supply circuit 3a decreases, the
output voltage VA2 of the error amplification circuit 25
increases. Due to this, the drain current of the NMOS tran-
sistor M2 becomes a constant current associated with the
output voltage Vo2 of the second power supply circuit 3a, as
shown in a portion “a” in FIG. 3.

On the other hand, when the clock signals CK1 is at a high
level, the voltage of the end of the flying capacitor C2 in
connection with the anode of the diode D3 increases, and the
output capacitor C3 is quickly charged through the diode D3.
As a result, as shown in a portion “b” in FIG. 3, a large
charging current is generated under the output voltage Vol of
the first power supply circuit 2a through the output terminal
of'the buffer 21. This charging current drops drastically along
with charging of the output capacitor C3.

In addition, when the clock signals CK2 is at a high level,
a large charging current is supplied to the flying capacitor C4
under the output voltage Vol of the first power supply circuit
2a through the output terminal of the buffer 31. As shown in
a portion “c” in FIG. 3, immediately after the clock signals
CK2 rises to the high level, a large charging current is con-
ducted, and this charging current drops drastically along with
charging of the output capacitor C4.

When the clock signals CK2 is at the low level, the voltage
of the end of the flying capacitor C4 in connection with the
cathode of the diode D5 decreases, the output capacitor C5 is
charged through the diode D5. However, since the NMOS
transistor M3 is connected between a negative power supply
end of the buffer 31 and ground, the charging current of the
flying capacitor C4 is limited by the drain current of the
NMOS transistor M3.

The output signal VA3 from the error amplification circuit
33 is input to the gate of the NMOS transistor M3; a division
voltage Vib3, which is obtained by dividing the voltage
between the output voltage Vo3 from the second power sup-
ply circuit 4 and the fifth reference voltage Vref5 with the
resistors RS and R6, is input to a non-inverted input terminal
of the error amplification circuit 33; and an inverted input
terminal of the error amplification circuit 33 is grounded.
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Therefore, the output signal VA3 from the error amplification
circuit 33 depends on the output voltage Vo3 of the second
power supply circuit 4. Due to this, the drain current of the
NMOS transistor M3 becomes a constant current associated
with the output voltage Vo3 of the second power supply
circuit 4. As shown in a portion “d” in FIG. 3, the charging
current to the flying capacitor C4 is nearly a constant current.

As described above, when the clock signal CK1 and the
clock signal CK2, which are used in the second power supply
circuit 3¢ and the second power supply circuit 4, respectively,
are the same, the inverter 32 generates a difference of 180
degrees between the phase of the clock signal CK1 and the
phase of the clock signal CK2; hence it is possible to prevent
overlapping of the peak of the current to the second power
supply circuit 3a and the peak of the current to the second
power supply circuit 4, which currents are supplied by the first
power supply circuit 2a, and reduce a voltage change caused
by a change of the load of the output voltage Vol of the first
power supply circuit 2a.

Next, descriptions are given to the fourth reference voltage
Vref4.

The fourth reference voltage Vrefd is set to be slightly
higher than the lower limit voltage of the triangular signal
TW. Due to this, the clock signal CPCLK output from the
comparator 274 and has a high-level duty cycle less than 20%.

As shown in FIG. 3, the timing of the peak of the current,
which is supplied from the first power supply circuit 2a to the
second power supply circuit 3a and the second power supply
circuit 4, is immediately after the clock signal CPCLK rises
from the low level to the high level. In addition, the timing of
the peak of the current, which is supplied from the input
voltage Vdd to the first power supply circuit 24, is at the time
when the pulse signal Spwm (not illustrated) falls from the
high level to the low level.

Upon this, the fourth reference voltage Vref4 is set so that
the timing of the peak current output from the first power
supply circuit 2a and the timing of the peak current output
from the second power supply circuit 3a and the second
power supply circuit 4 do not overlap when the output current
from the output terminal OUT1 of the first power supply
circuit 2a is relatively large even in the interval A and the
interval B, in which the output current from the output termi-
nal OUT1 of the first power supply circuit 2q is large.

In the interval C, in which the output current from the
output terminal OUT1 of the first power supply circuit 2qa is
small, the timing of the peak current output from the first
power supply circuit 2a and the timing of the peak current
output from the second power supply circuit 3¢ and the sec-
ond power supply circuit 4 overlap. However, since the cur-
rents are small, even when the timing of the peak current
output from the first power supply circuit 2a¢ and the timing of
the peak current output from the second power supply circuit
3a and the second power supply circuit 4 overlap, there is no
large influence.

Note that in FIG. 2, it is described that the second power
supply circuit 4 is a charge pump circuit which generates and
outputs a negative voltage. Certainly, the second power sup-
ply circuit 4 can be a charge pump circuit which generates and
outputs a positive voltage, like the second power supply cir-
cuit 3a. In addition, in FIG. 2, it is described there are two
charge pump circuits which use clock signals having the same
frequency. Certainly, the present embodiment is applicable to
the case in which three or more charge pump circuits use
clock signals having the same frequency. When the number of
the charge pump circuits increase, it is sufficient to reduce the
phase differences of different clock signals so that current
peaks of the charge pump circuits do not overlap.
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According to the multi-output power supply device of the
second embodiment of the present invention, the inverter 32
generates a difference of 180 degrees between the phase of
the clock signal CK1, which is used in the second power
supply circuit 3a, and the phase of the clock signal CK2,
which is used in the second power supply circuit 4; thus the
peak of the current to the second power supply circuit 3a is
different from the peak of the current to the second power
supply circuit 4. As a result, it is possible to reduce noise in
output voltages of power supply circuits.

While the present invention is described with reference to
specific embodiments chosen for purpose of illustration, it
should be apparent that the invention is not limited to these
embodiments, but numerous modifications could be made
thereto by those skilled in the art without departing from the
basic concept and scope of the invention.

This patent application is based on Japanese Priority Patent
Application No. 2007-182230 filed on Jul. 11, 2007, the
entire contents of which are hereby incorporated herein by
reference.

The invention claimed is:
1. A multi-output power supply device that converts a first
input voltage input from an input terminal thereof to a plu-
rality of voltages having predetermined different values, and
outputs the voltages through a plurality of output terminals,
respectively, said multi-output power supply device compris-
ing:
a first power supply circuit that generates a predetermined
constant voltage from the first input voltage, and outputs
the constant voltage through a first output terminal; and
one or more second power supply circuits each including a
charge pump circuit, said charge pump circuit using the
output voltage of the first power supply circuit as a
second input voltage, generating a predetermined con-
stant voltage from the second input voltage, and output-
ting the predetermined constant voltage through a sec-
ond output terminal,
wherein each of the second power supply circuits changes
aperiod of a charging and discharging cycle for charging
and discharging a flying capacitor of the respective sec-
ond power supply circuit according to an electric current
output from the second output terminal,
wherein each of the second power supply circuits includes
a voltage conversion circuit that charges and discharges
the flying capacitor according to a clock signal, con-
verts the second input voltage, and outputs the con-
verted second input voltage through the second output
terminal, and

a control circuit that controls voltage conversion in the
voltage conversion circuit so that the voltage output
from the second output terminal becomes the prede-
termined constant voltage,

wherein the control circuit changes a frequency of a
predetermined reference clock signal according to an
electric current output from the second output termi-
nal to generate the clock signal, and outputs the
obtained clock signal to the voltage conversion cir-
cuit.

2. The multi-output power supply device as claimed in
claim 1, wherein each of the second power supply circuits
shortens the period of the charging and discharging cycle for
charging and discharging the flying capacitor when the elec-
tric current output from the second output terminal increases.
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3. The multi-output power supply device as claimed in
claim 1, wherein the control circuit comprises:

a clock signal generation circuit that generates a plurality
of clock signals having different frequencies from the
reference clock signal; and

a clock signal selection circuit that exclusively selects one
of'the clock signals output from the clock signal genera-
tion circuit, and outputs the selected clock signal to the
voltage conversion circuit.

4. The multi-output power supply device as claimed in
claim 3, wherein the clock signal generation circuit includes
a frequency-division circuit that divides the reference clock
signal with predetermined different division ratios to generate
and output the clock signals having different frequencies.

5. The multi-output power supply device as claimed in
claim 4, wherein the clock signal selection circuit comprises:

a selection circuit that selects one of the clock signals
output from the clock signal generation circuit accord-
ing to an input control signal; and

an output current detection circuit that detects the electric
current output from the second output terminal, and
controls operations of the selection circuit according to
the detected current,

wherein the output current detection circuit controls the
selection circuit so that the selection circuit outputs one
of the clock signals having a high frequency when the
electric current output from the second output terminal
is large.

6. The multi-output power supply device as claimed in

claim 1, wherein the first power supply circuit comprises:

a switching regulator having an inductor,

wherein a clock signal defining a switching timing of the
switching regulator for charging the inductor has a phase
difference with the reference clock signal.

7. The multi-output power supply device as claimed in
claim 6, wherein the first power supply circuit uses a prede-
termined triangular signal to perform PWM control on the
switching regulator, and the reference clock signal is a rect-
angular signal having a duty cycle less than 20% and having
the same frequency as the triangular signal.

8. The multi-output power supply device as claimed in
claim 1, wherein in a case that the electric current output from
the second output terminal increases, the control circuit
increases the frequency of the predetermined reference clock
signal to generate the clock signal, and outputs the obtained
clock signal to the voltage conversion circuit.

9. The multi-output power supply device as claimed in
claim 8, wherein the voltage conversion circuit reduces the
period of charging the flying capacitor, based on the received
clock signal.
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10. The multi-output power supply device as claimed in
claim 1, wherein in a case that the electric current output from
the second output terminal decreases, the control circuit
decreases the frequency of the predetermined reference clock
signal to generate the clock signal, and outputs the obtained
clock signal to the voltage conversion circuit.
11. The multi-output power supply device as claimed in
claim 10, wherein the voltage conversion circuit increases the
period of charging the flying capacitor, based on the received
clock signal.
12. A multi-output power supply device that converts a first
input voltage input from an input terminal thereof to a plu-
rality of voltages having predetermined different values, and
outputs the voltages through a plurality of output terminals as
output voltages, respectively, said multi-output power supply
device comprising:
a first power supply circuit that generates a predetermined
constant voltage from the first input voltage, and outputs
the constant voltage through a first output terminal; and
a plurality of second power supply circuits each including
acharge pump circuit, said charge pump circuit using the
output voltage of the first power supply circuit as a
second input voltage, generating a predetermined con-
stant voltage from the second input voltage, and output-
ting the predetermined constant voltage through a sec-
ond output terminal,
wherein the second power supply circuits have different
timings of charging and discharging cycles for charging
and discharging corresponding flying capacitors of the
respective second power supply circuits,
wherein each of the second power supply circuits includes
a voltage conversion circuit that charges and discharges
the corresponding flying capacitor according to a
clock signal, converts the second input voltage, and
outputs the converted second input voltage through
the second output terminal, and

a control circuit that controls voltage conversion in the
voltage conversion circuit so that the voltage output
from the second output terminal becomes the prede-
termined constant voltage,

wherein the control circuit of each of the second power
supply circuits generates the clock signal from a pre-
determined reference clock signal with the clock sig-
nals in different second power supply circuits having
different phases, and outputs the obtained clock signal
to the corresponding voltage conversion circuit.
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