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CHARGE PUMP POWER SUPPLY CIRCUIT 

RELATED APPLICATIONS 

0001. The present application is a Continuation of U.S. 
application Ser. No. 11/143,572, filed on Jun. 3, 2005, which 
claims priority from Japanese Application No. JP 2004 
167670 filed on Jun. 4, 2004, the contents of which are 
hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002) 
0003. The present invention relates to a charge pump 
power Supply circuit that generates Voltage by charging and 
discharging a capacitor. 

0004 2) Description of the Related Art 

1) Field of the Invention 

0005. A booster circuit and an inverter circuit are used in 
charge pump power Supply circuits. The booster circuit 
boosts up an input voltage and the inverting circuit inverts 
the boosted Voltage and outputs the inverted Voltage. Gen 
erally, MOS (metal-oxide semiconductor) transistors are 
used Switches in a charging-discharging circuit in the charge 
pump power Supply circuits. 
0006 FIG. 9 is circuit diagram of a basic structure of the 
charge pump power Supply circuit (booster circuit). As 
shown in FIG. 9, in a charging circuit, a source electrode of 
a PMOS (p-channel metal-oxide semiconductor) transistor 
Q1 is connected to an input power Supply Vin, and a drain 
electrode of the PMOS transistor Q1 is connected to one of 
electrodes of a flying capacitor C1. A drain electrode of an 
NMOS (n-channel metal-oxide semiconductor) transistor 
Q2 is connected to other electrode of the flying capacitor C1, 
and a source electrode of the NMOS transistor Q2 is 
grounded. Further, a charge-control signal TC that is gen 
erated by a control circuit 30 is applied directly to a gate 
electrode of the NMOS transistor Q2 and applied to a gate 
electrode of the PMOS transistor Q1 via an inverter Q5. 
0007 Moreover, in a discharging circuit, a source elec 
trode of an NMOS transistor Q3 is connected to the input 
power supply Vin, and a drain electrode of the NMOS 
transistor Q3 is connected to the other electrodes of the 
flying capacitor C1. A source electrode of a PMOS transistor 
Q4 is connected to the one of the electrodes and an output 
capacitor C2 is disposed between a drain electrode of the 
PMOS transistor Q4 and a ground. Further, a discharge 
control signal TD that is generated by the control circuit 30 
is applied directly to a gate electrode of the NMOS transistor 
Q3 and applied to a gate electrode of the PMOS transistor 
Q4 via an inverter Q6. 
0008 FIG. 10 is a time chart of the operations of the 
charge pump power Supply circuit. The charge-control sig 
nal TC and the discharge-control signal TD that are gener 
ated by the control circuit 30 are control signals that regulate 
a charge cycle. The charge-control signal TC and the dis 
charge-control signal TD are signals of a binary level that 
repeat a high-level period and a low-level period alternately, 
while the polarities differ with the same duty ratio. There 
fore, during a period when the level of the charge-control 
signal TC is high and the level of the discharge-control 
signal TD is low, each of the PMOS transistor Q1 and the 
NMOS transistor Q2 performs an ON operation. Moreover, 
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during a period when the level of the discharge-control 
signal TD is high and the level of the charge-control signal 
TC is low, each of the NMOS transistor Q3 and the PMOS 
transistor Q4 perform an ON operation. 
0009. In other words, during the period when the level of 
the charge-control signal TC is high and the level of the 
discharge-control signal TD is low, the PMOS transistor Q1 
that is disposed in series between the input power supply Vin 
and the ground, and the PMOS transistor Q1 and the NMOS 
transistor Q2 in a series circuit of the flying capacitor C1 and 
the NMOS transistor Q2, perform ON operation. As a result, 
a charging current I1 flows and a charging operation for the 
flying capacitor C1 is performed. 
0010 Moreover, during the period when the level of the 
discharge-control signal TD is high and the level of the 
charge-control signal TC is low, the NMOS transistor Q3 
that is disposed between the input power supply Vin and the 
ground, and the NMOS transistor Q3 and the PMOS tran 
sistor Q4 in series circuit of the flying capacitor C1, the 
PMOS transistor Q4, and the output capacitor C2, perform 
ON operation. As a result, a discharging current I2 flows and 
a discharging operation (boosting operation) in which a 
Voltage that is obtained by adding a Voltage of the input 
power Supply Vin to a charging Voltage of the flying 
capacitor C1 is transferred to the output capacitor C2, is 
performed. 
0011. By performing the charging operation and the 
discharging operation alternately, a Voltage Vout is obtained 
in which the voltage of the input power supply Vin is 
boosted in the output capacitor C2. In that case, an electric 
charge is stored in the flying capacitor C1 and to reduce a 
loss while transferring the electric charge stored in the flying 
capacitor C1 to the output capacitor C2, four MOS transis 
tors that are switches, which have a small ON-state resis 
tance, are used. As a result, with no electric charge or a small 
amount of electric charge stored in the flying capacitor C1 
and the output capacitor C2, as shown in FIG. 10, high rush 
currents 33 and 34 flow at a time of start up. If the operation 
is repeated under these conditions, there is a negative effect 
on the input power supply Vin. Similar problem occurs even 
in a discharging circuit of an inverting circuit (not shown) of 
the charge pump power Supply circuit. 
0012 Various measures have been proposed so far to 
prevent the rush current. For example, according to Japanese 
Patent Application Laid-open Publication No. 2003-18822, 
a constant-current circuit is provided between an input 
power Supply and an output capacitance. At a start up of the 
power Supply, an operation of a charge pump circuit is 
stopped and charging up to a Voltage of output capacitance 
is performed by the constant-current circuit. Then, a normal 
operation of the charge pump is started. A technology of 
shortening a charge cycle at the start up has been disclosed. 
0013 Moreover, according to Japanese Patent Applica 
tion Laid-open Publication No. 2003-219634, a technology 
in which when the charge pump circuit is not in operation, 
the flying capacitor C1 and the output capacitor C2 are 
charged by a back-up charging circuit, is disclosed. Accord 
ing to this technology, further, at a start up of an operation 
of the charge pump circuit, it is changed to a small-capacity 
Switch that is provided in parallel with a main charge pump 
switch. 

0014. The method disclosed in the Japanese Patent Appli 
cation Laid-open Publication No. 2003-18822 can reduce 
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the rush current; however, because the voltage of the output 
capacitor becomes double the input voltage, the rush current 
flows for charging the output capacitor up to twice the input 
Voltage. 
0.015 Moreover, according to the technology disclosed in 
the Japanese Patent Application Laid-open Publication No. 
2003-2 19634, in addition to a necessity of providing a new 
auxiliary Switch, the rush current is generated due to a 
difference in ON-state resistances of the auxiliary switch and 
the main Switch. 

SUMMARY OF THE INVENTION 

0016. It is an object of the present invention to at least 
Solve the problems in the conventional technology. 
0017 According to an aspect of the present invention, a 
charge pump power Supply circuit includes two charging 
units that perform an operation of charging a capacitor up to 
an input voltage, at least one of the two charging units 
includes a plurality of parallel connected MOS transistors: 
two boosting units that perform an operation of boosting by 
adding the input Voltage to a charging Voltage of the 
capacitor; and a drive unit that causes each of the MOS 
transistors to perform an ON operation such that all of the 
MOS transistors are ON at the end of a time series. 

0018. According to another aspect of the present inven 
tion, a charge pump power Supply circuit includes two 
charging units that perform an operation of charging a 
capacitor up to an input voltage; two boosting units that 
performan operation of boosting by adding the input Voltage 
to a charging Voltage of the capacitor, at least one of the two 
boosting units includes a plurality of parallel connected 
MOS transistors; and a drive unit that causes each of the 
MOS transistors to perform an ON operation such that all of 
the MOS transistors are ON at the end of a time series. 

0.019 According to still another aspect of the present 
invention, a charge pump power Supply circuit includes two 
charging units that perform an operation of charging a 
capacitor up to an input Voltage, at least one of the two 
charging units includes a plurality of parallel connected 
MOS transistors; two inverting units that perform an opera 
tion of inverting the Voltage stored in the capacitor and 
outputting the inverted Voltage; and a drive unit that causes 
each of the MOS transistors to perform an ON operation 
such that all of the MOS transistors are ON at the end of a 
time series. 

0020. The other objects, features, and advantages of the 
present invention are specifically set forth in or will become 
apparent from the following detailed description of the 
invention when read in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 FIG. 1 is a circuit diagram of a charge pump power 
Supply circuit (booster circuit) according to a first embodi 
ment of the present invention; 
0022 FIG. 2 is a time chart of the operation of the charge 
pump power Supply circuit (booster circuit) shown in FIG. 
1; 
0023 FIG. 3 is a circuit diagram of a charge pump power 
Supply circuit (booster circuit) according to a second 
embodiment of the present invention: 
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0024 FIG. 4 is a circuit diagram of a charge pump power 
Supply circuit (booster circuit) according to a third embodi 
ment of the present invention; 
0025 FIG. 5 is a circuit diagram of a charge pump power 
Supply circuit (inverting circuit) according to a fourth 
embodiment of the present invention; 
0026 FIG. 6 is a time chart of the operation of the charge 
pump power Supply circuit (inverting circuit) shown in FIG. 
5: 
0027 FIG. 7 is a circuit diagram of a charge pump power 
Supply circuit (inverting circuit) according to a fifth embodi 
ment of the present invention; 
0028 FIG. 8 is a circuit diagram of a charge pump power 
Supply circuit (inverting circuit) according to a sixth 
embodiment of the present invention; 
0029 FIG. 9 is a circuit diagram of a basic structure of a 
charge pump power Supply circuit (booster circuit); and 
0030 FIG. 10 is a time chart of the operation of the 
conventional charge pump power Supply circuit (booster 
circuit) shown in FIG. 9. 

DETAILED DESCRIPTION 

0031 Exemplary embodiments of the present invention 
are described below in detail with reference to the accom 
panying diagrams. 
0032 FIG. 1 is a circuit diagram of a charge pump power 
Supply circuit (booster circuit) according to a first embodi 
ment of the present invention. As shown in FIG. 1, in a 
charging circuit, in a basic circuit 1a of the booster circuit, 
a source electrode of each of three parallel connected PMOS 
transistors Q11, Q12, and Q13 is connected to an input 
power supply Vin and a drain electrode of each of the PMOS 
transistors Q11, Q12, and Q13 is connected to one of 
electrodes of a flying capacitor C1. A drain electrode of an 
NMOS transistor Q2 is connected to other electrode of the 
flying capacitor C1, and a source electrode of the NMOS 
transistor Q2 is grounded. 
0033 Moreover, in a discharging circuit, a source elec 
trode of each of three parallel connected NMOS transistors 
Q31, Q32, and Q33 is connected to the input power supply 
Vin and a drain electrode of each of the NMOS transistors 
Q31, Q32, and Q33 is connected to the other electrode of the 
flying capacitor C1. A source electrode of a PMOS transistor 
Q4 is connected to the one of the electrodes of the flying 
capacitor C1, and an output capacitor C2 is connected 
between a drain electrode of the PMOS transistor Q4 and the 
ground. 
0034) Further, a charge-control signal TC1 that is gener 
ated by a control circuit 3 is applied directly to a gate 
electrode of the NMOS transistor Q2 and applied to a gate 
electrode of the PMOS transistor Q11 via an inverter Q51. 
Moreover, a discharge-control signal TD1 that is generated 
by the control circuit 3 is applied directly to a gate electrode 
of the NMOS transistor Q31 and applied to a gate electrode 
of the PMOS transistor Q4 via an inverter Q6. 
0035) In this case, the control circuit 3 generates time 
series control signals S2 and S3 that are binary level signals. 
The time-series control signals S2 and S3 as well, have low 
level at a time of a power Supply start up and when a 
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predetermined time is elapsed (for example time equivalent 
to the number of the charge-control signals TC1 or the 
discharge-control signal TD1 equal to a duty ratio) the 
time-series control signals S2 and S3 rise from the low level 
to a high level. A correlation between periods that are low 
level in the time-series control signals S2 and S3 is, the 
time-series control signal S2<the time-series control signal 
S3. These periods that are low level are delay times that 
regulate an operation cycle described later, and mainly are 
delay times that depend on a time constant of a capacitance 
of two capacitors and a series ON-state resistance of an 
MOS transistor. 

0036). In a distribution circuit 2, the charge-control signal 
TC1 and the time-series control signal S2 are supplied to an 
AND gate 5, and the charge-control signal TC1 and the 
time-series control signal S3 are Supplied to an AND gate 4. 
Charge-control signals TC2 and TC3 are generated by the 
AND gates 4 and 5, respectively. The charge-control signal 
TC2 that is output from the AND gate 5 is applied to a gate 
electrode of the PMOS transistor Q12 via an inverter Q52. 
Moreover, the charge-control signal TC3 that is output from 
the AND gate 4 is applied to a gate electrode of the PMOS 
transistor Q13 via an inverter Q53. 
0037. Furthermore, in the distribution circuit 2, the dis 
charge-control signal TD1 is generated by AND gates 6 and 
7, and discharge-control signals TD2 and TD3 are generated 
from the time-series control signals S2 and S3. The dis 
charge-control signal TD2 that is output from the AND gate 
6 is applied directly to a gate electrode of the NMOS 
transistor Q32. Moreover, the discharge-control signal TD3 
that is output from the AND gate 7 is applied directly to a 
gate electrode of the NMOS transistor Q33. 
0038. Thus, in the basic circuit 1a, out of two MOS 

transistors that perform the charging operation, a PMOS 
transistor on a side of the input power Supply Vin is formed 
by the PMOS transistors Q11, Q12, and Q13, and an NMOS 
transistor on a ground side is formed by one NMOS tran 
sistor Q2 as in the basic structure. 
0039) Moreover, in the basic circuit 1a, out of two MOS 

transistors that perform a boosting operation (discharging 
operation), an NMOS transistor on a side of the input power 
supply Vin is formed by the NMOS transistors Q31, Q32, 
and Q33, and a PMOS transistor on a side of boosted output 
is formed by one PMOS transistor Q4 as in the basic 
Structure. 

0040. In this case, the combined ON-state resistance of 
the PMOS transistors Q11, Q12, and Q13 is equal to an 
ON-state resistance (approximately 1 ohm) of a correspond 
ing one PMOS transistor in the charging circuit in the basic 
structure of the booster charge pump circuit. Moreover, the 
combined ON-state resistance of the three NMOS transistors 
Q31, Q32, and Q33 that are connected in parallel is equal to 
an ON-state resistance (approximately 1 ohm) of a corre 
sponding one NMOS transistor in the discharging circuit in 
the basic structure of the booster charge pump circuit. 
0041. The correlation between the ON-state resistances 
of the PMOS transistors Q11, Q12, and Q13 is 
Q112Q12>Q13. Moreover, the correlation between the ON 
state resistances of the NMOS transistors Q31, Q32, and 
Q33 is Q31>O32>O33. 
0.042 FIG. 2 is a time chart of a rush-current limiting 
operation performed by the charge pump power Supply 
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circuit shown in FIG. 1. The charge pump power Supply 
circuit performs a booster operation in three operation 
cycles. 
0043. The first operation cycle T1 is an operation cycle 
immediately after the power Supply start up, and since in the 
first operation cycle T1, both the time-series control signals 
S2 and S3 have low level, the charge-control signals TC2 
and TC3 as well as the discharge-control signals TD2 and 
TD3 have low level. Therefore, during a predetermined time 
T1 immediately after the power supply start up, because of 
the charge-control signal TC1, the PMOS transistor Q11 and 
the NMOS transistor Q2 perform an ON-OFF operation, and 
because of the discharge-control signal TD1, the NMOS 
transistor Q31 and the PMOS transistor Q4 perform the 
ON-OFF operation. 
0044) In the second operation cycle T2, the time-series 
control signal S2 becomes high level as well as the charge 
control signal TC2 and the discharge-control signal TD2 
become high level. Since the time-series control signal S3 
has low level as it has been, the charge-control signal TC3 
and the discharge-control signal TD3 have low level as they 
have been. Therefore, during the second operation cycle T2. 
because of the charge-control signal TC1, the PMOS tran 
sistor Q11 and the NMOS transistor Q2 perform the ON 
OFF operation, and because of the discharge-control signal 
TD1, the NMOS transistor Q31 and the PMOS transistor Q4 
perform the ON-OFF operation. In addition to this, because 
of the charge-control signal TC2, the PMOS transistor Q12 
performs the ON-OFF operation and because of the dis 
charge-control signal TD2, the NMOS transistor Q32 per 
forms the ON-OFF operation. 
0045. In the third operation cycle T3, since the time 
series control signal S3 as well becomes high level, the 
charge-control signal TC3 and the discharge-control signal 
TD3 as well become high level. Therefore, during the third 
operation cycle T3, because of the charge-control signal 
TC1, the PMOS transistor Q11 and the NMOS transistor Q2 
perform the ON-OFF operation, and because of the dis 
charge-control signal TD1, the NMOS transistor Q31 and 
the PMOS transistor Q4 perform the ON-OFF operation. In 
addition to this, because of the charge-control signal TC2, 
the PMOS transistor Q12 performs the ON-OFF operation, 
and because of the discharge-control signal TD2, the NMOS 
transistor Q32 performs the ON-OFF operation. Further, 
because of the charge-control signal TC3, the PMOS tran 
sistor Q13 performs the ON-OFF operation and because of 
the discharge-control signal TD3, the NMOS transistor Q33 
performs the ON-OFF operation. 
0046. At the time of power supply start up, since the 
flying capacitor C1 and the output capacitor C2 are without 
any electric charge, the rush current is included in a charging 
current I1 and a discharging current I2. In this case, a peak 
value of the rush current to the flying capacitor C1 is 
determined by the input power Supply Vin and a series 
ON-state resistance of the MOS transistors that are disposed 
in series, which form the charging circuit and the discharg 
ing circuit. 
0047 For this reason, immediately after the power supply 
start up, the charging circuit is formed by using the PMOS 
transistor Q11 that has the highest ON-state resistance, and 
at the same time the discharging circuit is formed by using 
the NMOS transistor Q31 that has the highest ON-state 
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resistance. By doing so, it is possible to reduce a peak value 
of rush currents 8 and 9 that are included in the charging 
current I1 and the discharging current I2. 
0.048 However, in this condition, since the ON-state 
resistance of the PMOS transistor Q11 and the NMOS 
transistor Q31 is high, a boosted electric power that is 
necessary at an output Vout cannot be obtained. Therefore, 
as has already been described, by using the time-series 
control signal S2 that has a fixed delay, a second charge 
control signal TC2 and a second discharge-control signal 
TD2 are created, and in the charging circuit, the combined 
ON-state resistance is reduced by connecting the PMOS 
transistor Q12 that has a second highest ON-state resistance, 
in parallel with the PMOS transistor Q11. At the same time, 
in the discharging circuit, the combined ON-state resistance 
is reduced by connecting the NMOS transistor Q32 that has 
a second highest ON-state resistance, in parallel with the 
NMOS transistor Q31. By doing so, power that is supplied 
to the output Vout increases to become the boosted electric 
power that is necessary. 
0049 Further, by using the time-series control signal S3 
that has a fixed delay, a third charge-control signal TC3 and 
a third discharge-control signal TC3 are created, and in the 
charging circuit, the combined ON-state resistance is 
reduced (to approximately 1 ohm) by connecting the PMOS 
transistor Q13 that has a third highest ON-state resistance, in 
parallel with the PMOS transistors Q11 and Q12. At the 
same time, in the discharging circuit, an actual ON-state 
resistance is reduced (to approximately 1 ohm) by connect 
ing the NMOS transistor Q33 that has a third highest 
ON-state resistance, in parallel with the NMOS transistors 
Q31 and Q32. This condition is maintained from here 
onward. Because of this, the boosted electric power that is 
necessary for the output Vout is Supplied. 
0050 Thus, according to the first embodiment, in the 
basic structure of the booster charge pump circuit, each of an 
MOS transistor on the side of the input power supply out of 
two MOS transistors that perform the charging operation 
and an MOS transistor on the side of the input power supply 
out of two MOS transistors that perform the discharging 
operation, are formed by three MOS transistors connected in 
parallel. In other words, a structure is formed such that the 
corresponding MOS transistors in the basic structure are 
divided into three parts, and introduced in the charging 
circuit and the discharging circuit in a time series in a 
descending order from the one that has the high ON-state 
resistance. 

0051. Therefore, it is possible to limit the rush current 
and to obtain the desired output Voltage by using a type of 
the basic structure of the booster charge pump circuit. Since 
there is no need to add a new circuit such as a circuit to 
pre-charge the capacitor or an auxiliary Switch, the scale of 
the circuit can be reduced to a smaller scale. 

0.052 FIG. 3 is a circuit diagram of a charge pump power 
Supply circuit (booster circuit) according to a second 
embodiment of the present invention. As shown in FIG. 3, 
in a charging circuit, in a basic circuit 1b of the booster 
circuit, a source electrode of a PMOS transistor Q1 is 
connected to the input power Supply Vin and a drain 
electrode of the PMOS transistor Q1 is connected to one of 
the electrodes of the flying capacitor C1. A drain electrode 
of each of three parallel connected NMOS transistors Q21, 
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Q22, and Q23 is connected to the other electrode of the 
flying capacitor C1, and a source electrode of each of the 
NMOS transistors Q21, Q22, and Q23 is grounded. 
0053 Moreover, in a discharging circuit, a source elec 
trode of an NMOS transistor Q3 is connected to the input 
power supply Vin, and a drain electrode of the NMOS 
transistor Q3 is connected to the other electrode of the flying 
capacitor C1. A source electrode of each of three parallel 
connected PMOS transistors Q41, Q42, and Q43 is con 
nected to the one of the electrodes of the flying capacitor C1, 
and the output capacitor C2 is disposed between a drain 
electrode of each of the PMOS transistors Q41, Q42, and 
Q43 and the ground. 
0054 Further, the charge-control signal TC1 that is gen 
erated by the control circuit 3 is applied directly to a gate 
electrode of the NMOS transistor Q21 and applied to a gate 
electrode of the PMOS transistor Q1 via an inverter Q5. 
Moreover, the discharge control signal TD1 that is generated 
by the control circuit 3 is applied directly to a gate electrode 
of the NMOS transistor Q3 and applied to a gate electrode 
of the PMOS transistor Q41 via an inverter Q61. 
0055. The distribution circuit 2 outputs the charge-con 
trol signals TC2 and TC3 and the discharge-control signals 
TD2 and TD3, which are same as those according to the first 
embodiment. The charge-control signal TC2 is applied to a 
gate electrode of the NMOS transistor Q22 and the charge 
control signal TC3 is applied to a gate electrode of the 
NMOS transistor Q23. Moreover, the discharge-control sig 
nal TD2 is applied to a gate electrode of the PMOS transistor 
Q42 via an inverter Q62, and the discharge-control signal 
TD3 is applied to a gate electrode of the PMOS transistor 
Q43 via an inverter Q63. 
0056. Thus, in the basic circuit 1b, in a basic structure of 
the booster charge pump circuit, out of two MOS transistors 
that perform the charging operation, a PMOS transistor on 
the side of the input power supply Vin is formed by one 
PMOS transistor Q1 as in the basic structure, and an NMOS 
transistor on the ground side is formed by the NMOS 
transistors Q21, Q22, and Q23. 
0057 Moreover, in the basic circuit 1b, in the basic 
structure of the booster charge pump circuit, out of two MOS 
transistors that perform the boosting operation (discharging 
operation), an MOS transistor on the side of the input power 
supply Vin is formed by the NMOS transistor Q3 as in the 
basic structure, and the side of boosted output is formed by 
the PMOS transistors Q41, Q42, and Q43. 
0058. In this case, the combined ON-state resistance of 
the NMOS transistors Q21, Q22, and Q23 is equal to an 
ON-state resistance (approximately 1 ohm) of a correspond 
ing one MOS transistor in the charging circuit in the basic 
structure of the booster charge pump circuit. Moreover, the 
combined ON-state resistance of the PMOS transistors Q41, 
Q42, and Q43 is equal to an ON-state resistance (approxi 
mately 1 ohm) of a corresponding one MOS transistor in the 
discharging circuit in the basic structure of the booster 
charge pump circuit. 

0059) The correlation between the ON-state resistances 
of the NMOS transistors Q21, Q22, and Q23 is 
Q21d.Q22>Q23. Moreover, the correlation between the ON 
state resistances of the PMOS transistors Q41, Q42, and Q43 
is Q41>Q42>Q43. 



US 2007/015.9233 A1 

0060 Even in the second embodiment, as explained with 
respect to FIG. 2, immediately after the power supply start 
up, the rush current can be limited because the PMOS 
transistor Q41 and the NMOS transistor Q21 that has the 
highest ON-state resistance, are introduced in the discharg 
ing circuit and the charging circuit. Then, as the predeter 
mined time is elapsed, the PMOS transistor Q42 and the 
NMOS transistor Q22 that have the second highest ON-state 
resistance, are introduced additionally. Further, as the pre 
determined time is elapsed, the PMOS transistor Q43 and 
the NMOS transistor Q23 that have the third highest ON 
state resistance, are introduced additionally, and this condi 
tion is maintained from here onward. Thus, the boosted 
electric power that is necessary for the output Vout is 
obtained. 

0061 Thus, according to the second embodiment, in the 
basic structure of the booster charge pump circuit, each of an 
MOS transistor on the ground side out of two MOS tran 
sistors that perform the charging operation and an MOS 
transistor on the side of the boosted voltage out of two MOS 
transistors that perform the boosting operation (discharging 
operation) is formed by three MOS transistors connected in 
parallel. In other words, a structure is formed such that the 
corresponding MOS transistors in the basic structure are 
divided into three parts, and introduced in the charging 
circuit and the discharging circuit in time series in a 
descending order from the one that has the high ON-state 
resistance. 

0062) Therefore, it is possible to limit the rush current 
and to obtain the desired output Voltage by using a type of 
the basic structure of the booster charge pump circuit. Since 
there is no need to add a new circuit such as a circuit to 
pre-charge the capacitor or an auxiliary Switch, the scale of 
the circuit can be made Smaller. 

0063 FIG. 4 is a circuit diagram of a charge pump power 
Supply circuit (booster circuit) according to a third embodi 
ment of the present invention. As shown in FIG. 4, in a 
charging circuit, in a basic circuit 1c of the booster circuit, 
the source electrode of each of the parallel connected PMOS 
transistors Q11, Q12, Q13 is connected to the input power 
supply Vin and the drain electrode of each of the PMOS 
transistors Q11, Q12, and Q13 is connected to the one of the 
electrodes of the flying capacitor C1. The drain electrode of 
each of the parallel connected NMOS transistors Q21, Q22, 
and Q23 is connected to the other electrode of the flying 
capacitor C1, and the source electrode of each of the NMOS 
transistors Q21, Q22, and Q23 is grounded. 
0064 Moreover, the source electrode of each of the 
parallel connected NMOS transistors Q31, Q32, and Q33 is 
connected to the input power Supply and the drain electrode 
of each of the NMOS transistors Q31, Q32, and Q33 is 
connected to the other electrode of the flying capacitor C1. 
The source electrode of each of the three PMOS transistors 
Q41, Q42, and Q43 is connected to the one of the electrodes 
of the flying capacitor C1, and the output capacitor C2 is 
connected between drain electrode of each of the PMOS 
transistors Q41, Q42, and Q43 and the ground. 
0065. Further, the charge-control signal TC1 that is gen 
erated by the control circuit 3 is applied directly to the gate 
electrode of the NMOS transistor Q21 and applied to the 
gate electrode of the PMOS transistor Q11 via the inverter 
Q51. Moreover, the discharge-control signal TD1 that is 
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generated by the control circuit 3 is applied directly to the 
gate electrode of the NMOS transistor Q31 and applied to 
the gate electrode of the PMOS transistor Q41 via the 
inverter Q61. 
0066. The distribution circuit 2 outputs the charge-con 
trol signals TC2 and TC3 and the discharge-control signals 
TD2 and TD3, which are same as those according to the first 
embodiment. The charge-control signal TC2 is applied 
directly to the gate electrode of the NMOS transistor Q22 
and applied to the gate electrode of the PMOS transistor Q12 
via the inverter Q52. The charge-control signal TC3 is 
applied to the gate electrode of the NMOS transistor Q23 
and applied to the PMOS transistor Q13 via the inverter 
Q53. 
0067 Moreover, the discharge-control signal TD2 is 
applied directly to the gate electrode of the NMOS transistor 
Q32 and applied to the gate electrode of the PMOS transistor 
Q42 via the inverter Q62. The discharge-control signal TD3 
is applied directly to the gate electrode of the NMOS 
transistor Q33 and applied to the gate electrode of the PMOS 
transistor Q43 via the inverter Q63. 
0068 Thus, in the basic circuit 1c, in a basic structure of 
the booster charge pump circuit, out of two MOS transistors 
that perform the charging operation, an MOS transistor on 
the side of the input power supply Vin is formed by the 
PMOS transistors Q11, Q12, and Q13 and an MOS transistor 
on the ground side is formed by the NMOS transistor Q21, 
Q22, and Q23. 
0069 Moreover, in the basic circuit 1c, in the basic 
structure of the booster charge pump circuit, out of two MOS 
transistors that perform the boosting operation (discharging 
operation), an MOS transistor on the side of the input power 
supply Vin is formed by the NMOS transistors Q31, Q32, 
and Q33, and an MOS transistor on the side of the boosted 
output is formed by the PMOS transistors Q41, Q42, and 
Q43. 
0070. In this case, the combined ON-state resistance of 
the PMOS transistors Q11, Q12, and Q13 is equal to an 
ON-state resistance (approximately 1 ohm) of a correspond 
ing PMOS transistor in the charging circuit in the basic 
structure of the booster charge pump circuit. Similarly, the 
combined ON-state resistance of the NMOS transistors Q21, 
Q22, and Q23 is equal to an ON-state resistance (approxi 
mately 1 ohm) of a corresponding NMOS transistor in the 
charging circuit in the basic structure of the booster charge 
pump circuit. 

0071 Moreover, the combined ON-state resistance of the 
NMOS transistors Q31, Q32, and Q33 is equal to an 
ON-state resistance (approximately 1 ohm) of a correspond 
ing one NMOS transistor in the discharging circuit in the 
basic structure of the booster charge pump circuit. Similarly, 
the combined ON-state resistance of the three PMOS tran 
sistors Q41, Q42, and Q43 is equal to an ON-state resistance 
(approximately 1 ohm) of a corresponding PMOS transistor 
in the discharging circuit in the basic structure of the booster 
charge pump circuit. 

0072 The correlation between the ON-state resistances 
of the PMOS transistors Q11, Q12, and Q13 is 
Q112-Q12>Q13. The correlation between the ON-state resis 
tances of the NMOS transistors Q21, Q22, and Q23 is 
Q21d.Q22>Q23. Moreover, the correlation between the ON 
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state resistances of the three NMOS transistors Q31, Q32, 
and Q33 is Q31>Q32>Q33, and the correlation between the 
ON-state resistances of the three PMOS transistors Q41, 
Q42, and Q43 is Q41>Q42>Q43. 
0073. Even according to the third embodiment, in the 
same manner as explained with reference to FIG. 2, imme 
diately after the power supply start up, since the NMOS 
transistor Q21 and the PMOS transistor Q11 that has the 
highest ON-state resistance, are introduced in the charging 
circuit, the rush current is limited even more effectively. 
Then, when the predetermined time is elapsed, the PMOS 
transistor Q42, the NMOS transistor Q32, the NMOS tran 
sistor Q22, and the PMOS transistor Q12 that has the second 
highest ON-state resistance are introduced additionally. 
Again when the predetermined time is elapsed, the PMOS 
transistor Q43, the NMOS transistor Q33, the NMOS tran 
sistor Q23, and the PMOS transistor Q13 that has the third 
highest ON-state resistance, are introduced additionally, and 
this condition is maintained from here onward. Thus, the 
boosted electric power that is necessary for the output Vout 
is obtained. 

0074 Thus, according to the third embodiment, in the 
basic structure of the booster charge pump circuit, each of 
two MOS transistors that perform the charging operation 
and two MOS transistors that perform boosting operation 
(discharging operation) is formed by three MOS transistors 
connected in parallel. In other words, a structure is formed 
such that the four MOS transistors in the basic structure are 
divided into three parts, and introduced in the charging 
circuit and the discharging circuit in time series in a 
descending order from the one that has the high ON-state 
resistance. 

0075) Therefore, it is possible to limit the rush current 
and to obtain the desired output Voltage by using a type of 
the basic structure of the booster charge pump circuit. Since 
there is no need to add a new circuit such as a circuit to 
pre-charge the capacitor or an auxiliary Switch, the scale of 
the circuit can be reduced to a smaller scale. 

0.076 FIG. 5 is a circuit diagram of a charge pump power 
Supply circuit (inverting circuit) according to a fourth 
embodiment of the present invention. As shown in FIG. 5, 
in a charging circuit, in a basic circuit 10a of the inverting 
circuit, the source electrode of each of the three PMOS 
transistors Q11, Q12, and Q13 is connected to the input 
power supply Vin, and the drain electrode of each of the 
PMOS transistors Q11, Q12, and Q13 is connected to the 
one of the electrodes of the flying capacitor C1. The drain 
electrode of the NMOS transistor Q2 is connected to the 
other electrode of the flying capacitor C1, and the source 
electrode of the NMOS transistor Q2 is grounded. 
0.077 Moreover, in a discharging circuit, the drain elec 
trode of the NMOS transistor Q3 is connected to the other 
electrode of the flying capacitor C1, and the output capacitor 
C2 is disposed between the source electrode of the NMOS 
transistor Q3 and the ground. The drain electrode of the 
PMOS transistor Q4 is connected to the one of the electrodes 
of the flying capacitor C1 and a source electrode of the 
PMOS transistor Q4 is grounded. 
0078. Further, the charge-control signal TC1 that is gen 
erated by the control circuit 3 is applied directly to the gate 
electrode of the NMOS transistor Q2 and applied to the gate 
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electrode of the PMOS transistor Q11 via the inverter Q51. 
Moreover, the discharge-control signal TD1 that is gener 
ated by the control circuit 3 is applied directly to the gate 
electrode of the NMOS transistor Q3, as well as on the gate 
electrode of the PMOS transistor Q4 via the inverter Q6. 
0079. In a distribution circuit 11, the charge-control sig 
nal TC1 and the time-series control signal S2 are supplied to 
the AND gate 5, and the charge-control signal TC1 and the 
time-series control signal S3 are supplied to the AND gate 
4. The charge-control signals TC2 and TC3 are generated by 
the AND gates 4 and 5, respectively. The charge-control 
signal TC2 that is output from the AND gate 5 is applied to 
the gate electrode of the PMOS transistor Q12 via the 
inverter Q52. Moreover, the charge-control signal TC3 that 
is output from the AND gate 4 is applied to the gate electrode 
of the PMOS transistor Q13 via the inverter Q53. 
0080 Thus, in the basic circuit 10a, in a basic structure 
of the inverting charge pump circuit, out of two MOS 
transistors, which perform the charging operation, a PMOS 
transistor on the side of the input power supply Vin is formed 
by the three PMOS transistors Q11, Q12, and Q13, and an 
NMOS transistor on the ground side is formed by one 
NMOS transistor Q2 as in the basic structure. 
0081. In this case, the combined ON-state resistance of 
the PMOS transistors Q11, Q12, and Q13 is equal to an 
ON-state resistance (approximately 1 ohm) of a correspond 
ing one PMOS transistor in the charging circuit in the basic 
structure of the inverting charge pump circuit. The correla 
tion between the ON-state resistance of the three PMOS 
transistors Q11, Q12, and Q13 is Q112-Q12>Q13. 
0082 FIG. 6 is a time chart of a rush-current limiting 
operation performed by the charge pump power Supply 
circuit shown in FIG. 5. As shown in FIG. 6, in the charge 
pump power Supply circuit (inverting circuit) showed in 
FIG. 5, an inverting operation in performed according to 
three operation cycles T1, T2, and T3. 
0083. The first operation cycle T1 is an operation cycle 
immediately after the power Supply start up, and since in the 
first operation cycle T1 both the time-series control signals 
S2 and S3 have low level, the charge-control signals TC2 
and TC3 are low level. Therefore, during the predetermined 
time T1 immediately after the power supply start up, 
because of the charge-control signal TC1, the PMOS tran 
sistor Q11 and the NMOS transistor Q2 perform the ON 
OFF operation, and because of the discharge-control signal 
TD1, the NMOS transistor Q3 and the PMOS transistor Q4 
perform the ON-OFF operation. 

0084. In the second operation cycle T2, since the time 
series control signal S2 as well becomes high level, the 
charge-control signal TC2 and the discharge-control signal 
TD2 become high level. Since the time-series control signal 
S3 has low level as it has been, the charge-control signal 
TC3 has low level as it has been. Therefore, during the 
second operation cycle T2, because of the charge-control 
signal TC1, the PMOS transistor Q11 and the NMOS 
transistor Q2 perform the ON-OFF operation, and because 
of the discharge control signal TD1, the NMOS transistor Q3 
and the PMOS transistor Q4 perform the ON-OFF opera 
tion. In addition to this, because of the charge-control signal 
TC2, the PMOS transistor Q12 performs the ON-OFF 
operation. 
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0085. In the third operation cycle T3, since the time 
series control signal S3 as well becomes high level, the 
charge-control signal TC3 becomes high level. Therefore, 
during the third operation cycle T3, because of the charge 
control signal TC1, the PMOS transistor Q11 and the NMOS 
transistor Q2 perform the ON-OFF operation, and because 
of the discharge-control signal TD1, the NMOS transistor 
Q3 and the PMOS transistor Q4 perform the ON-OFF 
operation. In addition to this, because of the charge-control 
signal TC2, the PMOS transistor Q12 performs the ON-OFF 
operation, and because of the charge-control signal TC3, the 
PMOS transistor Q13 performs the ON-OFF operation. 
0.086 The operation so far is described below. At the time 
of power Supply start up, since the flying capacitor C1 and 
the output capacitor C2 are without any electric charge, the 
rush current is included in the charging current I1. In this 
case, the peak value of the rush current to the flying 
capacitor C1 is determined by the input power supply Vin 
and the series of ON-state resistance of the MOS transistors 
that are disposed in series which form the charging circuit. 

0087 However, in this condition, since the ON-state 
resistance of the PMOS transistor Q11 is high, an inverting 
electric power that is necessary for the output Vout cannot be 
obtained. Therefore, as it has already been described, by 
using the time-series control signal that has a fixed delay, the 
second charge-control signal TC2 is created, and in the 
charging circuit, the combined ON-state resistance is 
reduced by connecting the PMOS transistor Q12 that has the 
second highest ON-state resistance, in parallel with the 
PMOS transistor Q11. By doing so, the inverting electric 
power Supply that is Supplied to the output Vout increases to 
become the inverting power Supply that is necessary. 

0088. Further, by using the time-series control signal S3 
that has a fixed delay, a third charge-control signal TC3 is 
created, and in the charging circuit, the combined ON-state 
resistance is reduced (to approximately 1 ohm) by connect 
ing the PMOS transistor Q13 that has the third highest 
ON-state resistance, in parallel with the PMOS transistors 
Q11 and Q12. This condition is maintained from here 
onward. Because of this, the inverting electric power that is 
necessary for the output Vout is Supplied. 

0089. Thus, according to the fourth embodiment, in the 
basic structure of the inverting charge pump circuit, out of 
two MOS transistors that perform the charging operation, an 
MOS transistor on the side of the input power supply is 
formed by the three parallel connected MOS transistors. In 
other words, a structure is formed Such that the correspond 
ing MOS transistor in the basic structure is divided into three 
parts, and introduced in the charging circuit in time series in 
the descending order from the one that has the high ON-state 
resistance. 

0090 Therefore, it is possible to limit the rush current 
and to obtain the desired output Voltage by using a type of 
the basic structure of the inverting charge pump circuit. 
Since there is no need to add a new circuit Such as a circuit 
to pre-charge the capacitor or an auxiliary Switch, the scale 
of the circuit can be made smaller. 

0.091 FIG. 7 is a circuit diagram of a charge pump power 
Supply circuit (inverting circuit) according to a fifth embodi 
ment of the present invention. As shown in FIG. 7, in a basic 
circuit 10b of the inverting circuit, the source electrode of 
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the PMOS transistor Q1 is connected to the input power 
supply Vin and the drain electrode of the PMOS transistor 
Q1 is connected to the one of the electrodes of the flying 
capacitor C1. The drain electrode of each of the three 
parallel connected NMOS transistors Q21, Q22, and Q23 is 
connected to the other electrode of the flying capacitor C1, 
and the source electrode of each of the NMOS transistors 
Q21, Q22, and Q23 is grounded. 
0092. Moreover, the drain electrode of the NMOS tran 
sistor Q3 is connected to the other electrode of the flying 
capacitor C1, and the output capacitor C2 is disposed 
between the source electrode of the NMOS transistor Q3 and 
the ground. The drain electrode of the PMOS transistor Q4 
is connected to the one of the electrodes of the flying 
capacitor C1, and the source electrode of the PMOS tran 
sistor Q4 is grounded. 
0093. Further, the charge-control signal TC1 that is gen 
erated by the control circuit 3 is applied directly to the gate 
electrode of the NMOS transistor Q21 and applied to the 
gate electrode of the PMOS transistor Q1 via the inverter 
Q5. Moreover, the discharge-control signal TD1 that is 
generated by the control circuit 3 is applied directly to the 
gate electrode of the NMOS transistor Q3 and applied to the 
gate electrode of the PMOS transistor Q4 via the inverter 
Q6. 
0094. In the distribution circuit 11, similarly as according 
to the fourth embodiment, the charge-control signals TC2 
and TC3 are generated. The charge-control signal TC2 is 
applied to the gate electrode of the NMOS transistor Q22. 
Moreover, the charge-control signal TC3T3 is applied to 
the gate electrode of the NMOS transistor Q23. 
0095 Thus, in the basic circuit 10b, in a basic structure 
of the inverting charge pump circuit, out of two MOS 
transistors, which perform the charging operation, a PMOS 
transistor on the side of the input power supply Vin is formed 
by one PMOS transistor Q1 as in the basic structure, and an 
NMOS transistor on the ground side is formed by the NMOS 
transistors Q21, Q22, and Q23. 
0096. In this case, the combined ON-state resistance of 
the three NMOS transistors Q21, Q22, and Q23 is equal to 
an ON-state resistance (approximately 1 ohm) of a corre 
sponding one MOS transistor in the charging circuit in the 
basic structure of the inverting charge pump circuit. The 
correlation between the ON-state resistances of the NMOS 
transistors Q21, Q22, and Q23 is Q212-Q22>Q23. 
0097. Even in this structure, similarly as according to the 
fourth embodiment (FIG. 6), immediately after the power 
supply start up, since the NMOS transistor Q21 that has the 
highest ON-state resistance is introduced in the charging 
circuit, the rush current is limited. Then, when the prede 
termined time is elapsed, the NMOS transistor Q22 that has 
the second highest ON-state resistance is introduced addi 
tionally. Again when the predetermined time is elapsed, the 
NMOS transistor Q23 that has the third highest ON-state 
resistance is introduced additionally, and this condition is 
maintained from here onward. Thus, the inverted electric 
power that is necessary for the output Vout is obtained. 
0098. Thus, according to the fifth embodiment, in the 
basic structure of the inverting charge pump circuit, an MOS 
transistor on the ground side out of two MOS transistors that 
perform the charging operation is formed by three parallel 
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connected MOS transistors. In other words, a structure is 
formed such that the corresponding MOS transistor in the 
basic structure is divided into three parts, and introduced in 
the charging circuit in time series in the descending order 
from the one that has the high ON-state resistance. 
0099] Therefore, it is possible to limit the rush current 
and to obtain the desired output voltage by a type of the basic 
structure of the inverting charge pump circuit. Since there is 
no need to add a new circuit Such as a circuit to pre-charge 
the capacitor or an auxiliary Switch, the scale of the circuit 
can be made Smaller. 

0100 FIG. 8 is a circuit diagram of a charge pump power 
Supply circuit (inverting circuit) according to a sixth 
embodiment of the present invention. As shown in FIG. 8, 
in a charging circuit, in a basic circuit 10c of the inverting 
circuit, the source electrode of each of the three PMOS 
transistors Q11, Q12, and Q13 is connected to the input 
power supply Vin, and the drain electrode of each of the 
PMOS transistors Q11, Q12, and Q13 is connected to the 
one of the electrodes of the flying capacitor C1. The drain 
electrode of each of the NMOS transistors Q21, Q22, and 
Q23 is connected to the other electrode of the flying capaci 
tor C1, and the source electrode of each of the NMOS 
transistor Q21, Q22, and Q23 is grounded. 
0101 Moreover, in a discharging circuit, the drain elec 
trode of the NMOS transistor Q3 is connected to the other 
electrode of the flying capacitor C1, and the output capacitor 
C2 is disposed between the source electrode of the NMOS 
transistor Q3 and the ground. The drain electrode of the 
PMOS transistor Q4 is connected to the one of the electrodes 
of the flying capacitor C1 and the source electrode of the 
PMOS transistor Q4 is grounded. 
0102 Further, the charge-control signal TC1 that is gen 
erated by the control circuit 3 is applied directly to the gate 
electrode of the NMOS transistor Q21 and applied to the 
gate electrode of the PMOS transistor Q11 via the inverter 
Q51. Moreover, the discharge control signal TD1 that is 
generated by the control circuit 3 is applied directly to the 
gate electrode of the NMOS transistor Q3, as well as applied 
to the gate electrode of the PMOS transistor Q4 via the 
inverter Q6. 
0103) In the distribution circuit 11, similarly as according 
to the fourth embodiment, the charge-control signals TC2 
and TC3 are generated. The charge-control signal TC2 is 
applied directly to the gate electrode of the NMOS transistor 
Q22 and applied to the gate electrode of the PMOS transistor 
Q12 via the inverter Q52. Moreover, the charge-control 
signal TC3 is applied directly to the gate electrode of the 
NMOS transistor Q23 and applied to the gate electrode of 
the PMOS transistor Q13 via the inverter Q53. 
0104 Thus, in the basic circuit 10c, in a basic structure of 
the inverting charge pump circuit, out of two MOS transis 
tors, which perform the charging operation, a MOS transis 
tor on the side of the input power supply Vin is formed by 
the PMOS transistors Q11, Q12, and Q13, and an MOS 
transistor on the ground side is formed by the NMOS 
transistors Q21, Q22, and Q23. 
0105. In this case, the combined ON-state resistance of 
the three PMOS transistors Q11, Q12, and Q13 is equal to 
an ON-state resistance (approximately 1 ohm) of a corre 
sponding one PMOS transistor in the charging circuit in the 
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basic structure of the inverting charge pump circuit. The 
correlation between the ON-state resistances of the NMOS 
transistors Q11, Q12, and Q13 is Q112-Q12>Q13. 
0106 Moreover, the combined ON-state resistance of the 
NMOS transistors Q21, Q22, and Q23 is equal to an 
ON-state resistance (approximately 1 ohm) of a correspond 
ing one NMOS transistor in the charging circuit in the basic 
structure of the inverting charge pump circuit. The correla 
tion between the ON-state resistances of the three NMOS 
transistors Q21, Q22, and Q23 is Q212-Q22>Q23. 
0.107 Even in this structure, similarly as according to the 
fourth embodiment (FIG. 6), immediately after the power 
supply start up, since the NMOS transistor Q21, and the 
PMOS transistor Q11 that has the highest ON-state resis 
tance, are introduced in the charging circuit, the rush current 
is limited. Then, when the predetermined time is elapsed, the 
NMOS transistor Q22 and the PMOS transistor Q12 that has 
the second highest ON-state resistance are introduced addi 
tionally. Again when the predetermined time is elapsed, the 
NMOS transistor Q23, and the PMOS transistor Q13 that 
has the third highest ON-state resistance are introduced 
additionally, and this condition is maintained from here 
onward. Thus, the inverted electric power that is necessary 
for the output Vout is obtained. 
0.108 Thus, according to the sixth embodiment, in the 
basic structure of the inverting charge pump circuit, each of 
the two MOS transistors that perform the charging operation 
is formed by three parallel connected MOS transistors. In 
other words, a structure is formed such that the two MOS 
transistors that form the charging circuit in the basic struc 
ture are divided into three parts, and introduced in the 
charging circuit in time series in the descending order from 
the one that has the high ON-state resistance. 
0.109 Therefore, it is possible to limit the rush current 
and to obtain the desired output voltage by a type of the basic 
structure of the inverting charge pump circuit. Since there is 
no need to add a new circuit Such as a circuit to pre-charge 
the capacitor or an auxiliary Switch, the scale of the circuit 
can be made Smaller. 

0110. According to the first to the sixth embodiments, the 
MOS transistors of different ON-state resistances have been 
employed; however, MOS transistors of the same ON-state 
resistance can be used instead. When the MOS transistors 
have same ON-state resistances, the MOS transistors may be 
caused to perform the ON operation in any order. 

0111. The case in which the combined ON-state resis 
tance of all the MOS on the inputside of the MOS transistors 
for charging is equal to the combined ON-state resistance of 
all the transistors on the output side has been described. 
However, the combined ON-state resistance may be let to be 
different. 

0.112. The control circuit that generates the operation 
cycles T1 to T3 may be let to control such that the operation 
cycle T1 is a long period and the operation cycle T3 is a short 
period. 

0113. According to the first to the sixth embodiments 
described so far, the description is based on the three parallel 
connected MOS transistors; however, the number of parallel 
connected MOS transistors can be any number not less than 
two. If two MOS transistors connected in parallel, although 
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there is some deterioration of accuracy, the rush current can 
be limited in a similar manner. 

0114. Although the invention has been described with 
respect to a specific embodiment for a complete and clear 
disclosure, the appended claims are not to be thus limited but 
are to be construed as embodying all modifications and 
alternative constructions that may occur to one skilled in the 
art that fairly fall within the basic teaching herein set forth. 

1-12. (canceled) 
13. A power Supply circuit comprising: 
an input power Supply node for receiving a first Voltage; 
a capacitor; 

a first MOS transistor coupled between an electrode of 
said capacitor and said input power Supply node: 

a second MOS transistor coupled between an electrode of 
said capacitor and said input power Supply node: 

an output power Supply node for outputting a second 
Voltage which is higher than said first voltage; 

a third MOS transistor coupled between said electrode of 
said capacitor and said output power Supply node, 

a reference node: 
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a fourth MOS transistor coupled between an another 
electrode of said capacitor and said reference node: 

a fifth MOS transistor coupled between an another elec 
trode of said capacitor and said input power Supply 
node; and 

a sixth MOS transistor coupled between said another 
electrode of said capacitor and said input power Supply 
node; wherein 

said first MOS transistor turns on when said fourth MOS 
transistor turns on and said third MOS transistor turns 
on when said fifth and sixth MOS transistors turn on in 
a second state which is different from said first state. 

14. The power Supply circuit according to claim 13, 
wherein each of said first and second MOS transistors has a 
different ON-state resistance, and an ON-state resistance of 
said first MOS transistor is higher than an ON-state resis 
tance of said second MOS transistor. 

15. The power supply circuit according to claim 13, 
wherein each of said fifth and sixth MOS transistors has a 
different ON-state resistance, and said an ON-state resis 
tance of said fifth MOS transistor is higher than an ON-state 
resistance of said sixth MOS transistor. 


