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BOOSTER CIRCUIT 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a booster circuit 
used for reading data and Such, and more particularly, to a 
booster circuit having function for controlling the boosting 
level within a desired range. 
0003 2. Description of the Related Art 
0004 Conventionally, a booster circuit is used for boost 
ing of a word line when data Stored in a Semiconductor 
Storage device is read. For example, a conventional booster 
circuit is described in Japanese Patent Application Laid 
open No. 6-60651. FIG. 1 is a circuit diagram showing a 
conventional booster circuit described in Japanese Patent 
Application Laid-open No. 6-60651. 

0005. In the conventional booster circuit, a boost-starting 
signal ATDBST is input to an input terminal of an inverter 
505, and a voltage Vboost is output from a boost node 
NDBST. An output terminal of the inverter 505 is connected 
to an input terminal of an inverter 506, a gate of an 
N-channel MOS transistor 503 and a gate of a P-channel 
MOS transistor 501. An output terminal of the inverter 506 
is connected to one terminal of a boosting capacitor 507 
whose capacity is Cb. The other terminal of the boosting 
capacitor 507 is connected to the boost node NDBST. 

0006. A drain of the N-channel MOS transistor 503 is 
grounded and a Source thereof is connected to a drain of an 
N-channel MOS transistor 504. A source of the N-channel 
MOS transistor 504 is connected to a gate of a P-channel 
MOS transistor 502, and the junction point VX thereof is 
connected to one of input/output terminals of the P-channel 
MOS transistor 501. 

0007 Power source voltage VCC is always Supplied to a 
gate of the N-channel MOS transistor 504, and the N-chan 
nel MOS transistor 504 is always in ON state. Further, one 
of input terminals of the P-channel MOS transistor 502 is 
connected to the power Source Voltage VCC, and the other 
input/output terminal is connected to the boost node 
NDBST. The other input/output terminal of the P-channel 
MOS transistor 501 is also connected to the boost node 
NDBST. 

0008. In the conventional booster circuit having the 
above-described Structure, on Standby before boosting, the 
boost-starting signal ATDBST is input to the inverter 505 at 
low level. The level of the boost-starting signal ATDBST is 
inverted by the inverter 505, and a signal of the level VCC 
is input to the input terminal of the inverter 506, the gate of 
the N-channel MOS transistor 503 and the gate of the 
P-channel MOS transistor 501. 

0009. With the above operation, the output signal of the 
inverter 506 is held at low level, and a low level signal is 
input to the boosting capacitor 507. 
0010) The N-channel MOS transistor 503 is brought into 
ON state, and the boost node NDBST and a gate level (node 
VX) of the P-channel MOS transistor 502 are held at low 
level. Therefore, the P-channel MOS transistor 502 assumes 
ON state. At that time, the P-channel MOS transistor 501 is 
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kept in OFF state. As the P-channel MOS transistor 502 is 
turned ON, the power source voltage level VCC appears in 
the boost node NDBST as it is. 

0011 When the boost is started from that state, the 
boost-starting signal ATDBST is Switched from low level to 
high level VCC and is input to the input terminal of the 
inverter 505. 

0012. With this operation, the output signal of the 
inverter 505 is inverted from high level VCC to low level, 
and the output signal of the inverter 506 is inverted from low 
level to high level VCC. 
0013 Therefore, a signal of high level VCC is applied to 
one terminal of the capacitor 507, a low level signal is input 
to the gate of the N-channel MOS transistor 503 and the gate 
of the P-channel MOS transistor 501. When the signal of 
high level VCC is applied to the one terminal of the 
capacitor 507, the boost node NDBST is boosted from the 
power source voltage level VCC to a voltage level shown in 
the equation (1) by capacitive coupling in the capacitor 507. 

0014 When the boost is completed, the input level of the 
boost-starting signal ATDBST is switched from high level to 
low level. Therefore, voltage level of each node is returned 
to level before boost is started. Then, the boost is completed. 
0015. When the above-described conventional booster 
circuit is used as booster means for a word line when data 
is read from a non-volatile Semiconductor Storage device, 
Since it is necessary to Secure both reading margin for 
on-cell and reading margin for off-cell, it is necessary to 
control the boost level within a range between the upper 
limit target and the lower limit target. 
0016. However, there is a problem that it is extremely 
difficult to give the highest priority to the achievement of the 
lower limit target, and to also achieve the upper limit target. 
0017. The reason is that there exist characteristics as 
dependence properties of power Source Voltage of boost 
level that the boost level is proportional to about two times 
of the power Source voltage as shown in the equation (1). 
0018 Further, if the conventional booster circuit is used 
as boost means for a ward line when data is read from a 
non-volatile Semiconductor Storage device, when the Voltage 
level of the word line is excessively increased, the gate level 
of memory cell is brought into boost level, the drain is 
brought into Voltage level of about TV, a pseudo weak writing 
mode is established. Therefore, reading is repeated and thus, 
there is a problem that variation is generated in a threshold 
value of the memory cell by the pseudo weak writing 
operation. 

0019. The reason is that there exist characteristics as 
dependence properties of power Source Voltage of boost 
level that the boost level is proportional to about two times 
of the power Source Voltage as described above. 

SUMMARY OF THE INVENTION 

0020. It is an object of the present invention to provide a 
booster circuit capable of Stably controlling boosting electric 
potential without depending on the power Source Voltage 
with respect to the target boost upper limit even when 
electric potential greater than the power Source Voltage is 
boosted. 
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0021 According to one aspect of the present invention, a 
booster circuit includes an output terminal and a boost driver 
to which power Source Voltage is Supplied. The boost driver 
generates a pulse Signal when a boost-Starting Signal indica 
tive of start of boost is input. The booster circuit further 
includes a boost capacitor which boosts Voltage level of Said 
output terminal when the pulse Signal is received, a pre 
charge circuit which Supplies Voltage to the output terminal 
on Standby before boosting, and a constant-Voltage gener 
ating circuit which Supplies constant Voltage to the pre 
charge circuit. 
0022. According to another aspect of the present inven 
tion, a booster circuit includes an output terminal and a boost 
driver which generates a pulse signal when a boost-Starting 
Signal indicative of Start of boost is input. The booster circuit 
further includes a boost capacitor which boosts Voltage level 
of Said output terminal when the pulse signal is received, a 
precharge circuit to which power Source Voltage is Supplied, 
and a constant-voltage generating circuit which Supplies 
constant Voltage to the boost driver. The precharge circuit 
Supplies Voltage to the output terminal on Standby before 
boosting. 
0023. According to a possible feature of the present 
invention, a booster circuit includes an output terminal and 
a boost driver which generates a pulse Signal when a 
boost-Starting Signal indicative of Start of boost is input. The 
booster circuit further includes a boost capacitor which 
boosts Voltage level of the output terminal when the pulse 
Signal is received, a precharge circuit which Supplies Voltage 
to the output terminal on Standby before boosting, and a 
constant-voltage generating circuit which Supplies constant 
Voltage to the boost driver and the precharge circuit. 
0024. According to the present invention, at least one of 
the precharge level on Standby before boosting and the 
amplitude level of the boost pulse may be controlled by the 
constant Voltage generated from the constant-voltage gen 
erating circuit. Therefore, Since at least one of them may be 
a level which does not rely on the power Source Voltage, it 
is possible to easily achieve the upper limit target even if the 
priority is given to the lower limit target of the boost level. 
0.025. As a result, if the present invention is adapted to 
boost a voltage level of a word line when data is read from 
a non-volatile Semiconductor Storage device, it is possible to 
prevent the reading error due to boost of the Voltage level of 
the word line. Similarly, it is possible to prevent the pseudo 
weak writing state due to the boost of the voltage level of the 
word line. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.026 FIG. 1 is a circuit diagram showing a conventional 
booster circuit described in Japanese Patent Application 
Laid-open No. 6-60651; 
0.027 FIG. 2 is a block diagram showing a booster circuit 
of a first embodiment of the present invention; 
0028 FIG. 3 is a circuit diagram showing the structure of 
a precharge circuit 105; 
0029 FIG. 4 is a circuit diagram showing the structure of 
a boost driver 102; 
0030 FIG. 5 is a block diagram showing a booster circuit 
of a Second embodiment of the present invention; 
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0031 FIG. 6 is a circuit diagram showing the structure of 
a precharge circuit 105a, and 
0032 FIG. 7 is a circuit diagram showing the structure of 
a boost driver 102a. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0033 Booster circuits of embodiments of the present 
invention will be explained concretely with reference to the 
accompanying drawings below. FIG. 2 is a block diagram 
showing a booster circuit of a first embodiment of the 
present invention. 

0034. In the booster circuit of the first embodiment, a 
boost-starting signal ATDBST is input to an input terminal 
of an inverter 101, and a voltage Vboost is output from a 
boost node NDBST (high voltage output terminal). An input 
terminal of a boost driver 102 is connected to an output 
terminal of the inverter 101. One terminal of a boost 
capacitor 103 is connected to an output terminal of the boost 
driver 102. Aboost pulse is generated from the boost driver 
102 to the boost capacitor 103. The boost node NDBST is 
connected to the other terminal of the boost capacitor 103. 
The boost node NDBST is connected to a high voltage 
output terminal (Vboost), and the high voltage output ter 
minal is boosted by the boost capacitor 103 which received 
the boost pulse. The capacity value of the boost capacitor 
103 is Cb. 

0035. There is preferably provided a precharge circuit 
105 connected to the high voltage output terminal for 
Supplying Voltage to the high Voltage output terminal 
(Vboost) on Standby before boosting. A constant voltage 
Vconstis input to the precharge circuit 105 as power Source. 
An output terminal of the precharge circuit 105 is connected 
to the boost node NDBST. 

0036 Further, a boost load capacitor 106 may be con 
nected to the boost node NDBST. The capacity value of the 
boost load capacitor 106 is Cl. 
0037. The booster circuit is preferably provided with a 
constant-voltage generating circuit 104 for Supplying the 
constant voltage to the precharge circuit 105. The power 
Source Voltage VCC is Supplied to the constant-voltage 
generating circuit 104, and the constant Voltage Vconst is 
output from an output terminal of the constant-voltage 
generating circuit 104. 

0038) Next, the precharge circuit 105 used for the booster 
circuit of the first embodiment will be explained. FIG. 3 is 
a circuit diagram showing the Structure of the precharge 
circuit 105. 

0039. The precharge circuit 105 can be provided with an 
inverter 206 having an input terminal to which the boost 
starting signal ATDBST is input. An input terminal of an 
inverter 207 and a gate terminal of an N-channel MOS 
transistor 204 are connected to an output terminal of the 
inverter 206. A gate terminal of an N-channel MOS transis 
tor 205 is connected to an output terminal of the inverter 
207. 

0040. A source terminal of the N-channel MOS transistor 
204 is grounded. A drain terminal of a P-channel MOS 
transistor 201, a gate terminal of a P-channel MOS transistor 
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202 and a gate terminal of a P-channel MOS transistor 203 
are connected to a drain terminal of the N-channel MOS 
transistor 204. 

0041) A source terminal of the N-channel MOS transistor 
205 is connected to a ground potential. A drain terminal of 
the P-channel MOS transistor 202 and a gate terminal of the 
P-channel MOS transistor 201 are connected to a drain 
terminal of the N-channel MOS transistor 205. 

0.042 A Source terminal of the P-channel MOS transistor 
203 is connected to the constant Voltage Vconst, and a drain 
terminal of the P-channel MOS transistor 203 is connected 
to the boost node NDBST. 

0043. The boost node NDBST is connected to the source 
terminals of the P-channel MOS transistors 201 and 202. 

0044) Next, the boost driver 102 used for the booster 
circuit of the first embodiment will be explained. FIG. 4 is 
a circuit diagram showing the Structure of the boost driver 
102. 

0045. The boost driver 102 can be provided with a 
P-channel MOS transistor 301 having a gate terminal to 
which an inverted signal BSTIN of the boost-starting signal 
is input. A source terminal of the P-channel MOS transistor 
301 is connected to the power source voltage VCC, and a 
drain terminal of the P-channel MOS transistor 301 is 
connected to a boost pulse generating node BOOST. 

0046) The boost driver 102 may be also provided with an 
N-channel MOS transistor 302 having a gate terminal to 
which an inverted signal BSTIN of the boost-starting signal 
is input. A source terminal of the N-channel MOS transistor 
302 is connected to a ground potential, and a drain terminal 
of the N-channel MOS transistor 302 is connected to the 
boost pulse generating node BOOST. 

0047 The operation of the booster circuit of the first 
embodiment structured as described above will be explained 
neXt. 

0.048. On standby before boosting, the boost-starting sig 
nal ATDBST is input to the inverter 101 at low level. The 
level of the boost-starting signal ATDBST is inverted by the 
inverter 101 and a signal of high level VCC is input to the 
input terminal of the boost driver 102. 

0049. Thus, the output signal of the boost driver 102 is 
kept at low level, and the low level Signal is input to one of 
the terminals of the boost capacitor 103. At that time, the 
Voltage Vconst Supplied from the constant-voltage generat 
ing circuit 104 appears in the boost node NDBST as it is 
through the precharge circuit 105, and electric charge is 
stored in the boost capacitor 103 and the boost load capacitor 
106. 

0050. When the boost is started from that state, the 
boost-starting signal ATDBST is Switched from low level to 
high level VCC and is input to the input terminal of the 
inverter 101. 

0051) Thus, the output signal of the inverter 101 is 
inverted from high level vcc to low level, and the output 
signal of the boost driver 102 is inverted from low level to 
high level VCC. 
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0052 Therefore, a signal of high level VCC is applied to 
one terminal of the boost capacitor 103. When high level 
VCC signal is applied to one terminal of the boost capacitor 
103, the boost node NDBST is boosted from the precharge 
level Vconst to a voltage level shown in the equation (2) by 
capacitive coupling in the boost capacitor 103. 

0053. In the equation (2), Vboost is voltage which is 
output from the high Voltage output terminal, Vconst is 
constant Voltage which is output from the constant-voltage 
generating circuit 104, Cb is a capacity value of the boost 
capacitor 103, Cl is a capacity value of the boost load 
capacitor 106, and VCC is power Source Voltage Supplied to 
the constant-voltage generating circuit 104. 

0054 When the boost is completed, the input level of the 
boost-starting signal ATDBST is switched from high level to 
low level. Therefore, voltage level of each node is returned 
to level before boost is started. Then, the boost is completed. 

0055 As described above, according to the first embodi 
ment, Since the precharge level on Standby before boosting 
is constant Voltage which does not rely on the power Source 
Voltage, it is easy to control the boost level to the upper limit. 

0056 Next, a second embodiment of the present inven 
tion will be explained. FIG. 5 is a block diagram showing 
a booster circuit of the second embodiment of the invention. 

0057. In the booster Circuit of the second embodiment, a 
boost-starting signal ATDBST is input to an input terminal 
of an inverter 101, and a voltage Vboost is output from a 
boost node NDBST (high voltage output terminal). An input 
terminal of a boost driver 102a is preferably connected to an 
output terminal of the inverter 101. One terminal of a boost 
capacitor 103 is connected to an output terminal of the boost 
driver 102a. Aboost pulse is generated from the boost driver 
102a to the boost capacitor 103. The boost node NDBST is 
connected to the other terminal of the boost capacitor 103. 
The boost node NDBST is connected to a high voltage 
output terminal (Vboost), and the high voltage output ter 
minal is boosted by the boost capacitor 103 which received 
the boost pulse. The capacity value of the boost capacitor 
103 is Cb. 

0.058. There may be provided a precharge circuit 105a 
connected to the high Voltage output terminal for Supplying 
voltage to the high voltage output terminal (Vboost) on 
standby before boosting. A power source voltage VCC is 
input to the precharge circuit 105a as power Source. An 
output terminal of the precharge circuit 105a is connected to 
the boost node NDBST. 

0059 Further, a boost load capacitor 106 is connected to 
the boost node NDBST. The capacity value of the boost load 
capacitor 106 is Cl. 

0060. The booster circuit is preferably provided with a 
constant-voltage generating circuit 104 for Supplying the 
constant voltage Vconst to the boost driver 102a. The power 
Source Voltage VCC is Supplied to the constant-voltage 
generating circuit 104, and the constant Voltage Vconst is 
output from an output terminal of the constant-voltage 
generating circuit 104. 
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0061 Next, the precharge circuit 105a and the boost 
driver 102a used for the booster circuit of the second 
embodiment will be explained. FIG. 6 is a circuit diagram 
showing the structure of the precharge circuit 105a and FIG. 
7 is a circuit diagram showing the Structure of the boost 
driver 102a. In the precharge circuit 105a shown in FIG. 6 
or the boost driver 102a shown in FIG. 7, elements similar 
to those of the precharge circuit 105 or the boost driver 102 
shown in FIG. 3 or 4 are designated by the same reference 
numerals, and their detailed description will be omitted. 
0062). As shown in FIG. 6, the precharge circuit 105a 
used in the second embodiment is preferably provided with 
a P-channel MOS transistor 203a having a source terminal 
connected to the power Source Voltage VCC, instead of the 
transistor 203 having the source terminal connected to the 
constant Voltage Vconst. 
0063. Further, as shown in FIG. 7, the booster circuit 
102a used in the second embodiment is preferably provided 
with a P-channel MOS transistor 301 a having a source 
terminal connected to the constant Voltage Vconst, instead of 
the transistor 301 having the source terminal connected to 
the power source voltage VCC. 

0064. The operation of the booster circuit of the second 
embodiment structured as described above will be 
explained. 

0065. On standby before boosting, the boost-starting sig 
nal ATDBST is input to the inverter 101 at low level. The 
level of the boost-starting signal ATDBST is inverted by the 
inverter 101 and a signal of high level VCC is input to the 
input terminal of the boost driver 102a. 
0.066 Thus, the output signal of the boost driver 102a is 
kept at low level, and the low level Signal is input to one of 
the terminals of the boost capacitor 103. At that time, the 
power Source Voltage VCC appears in the boost node 
NDBST as it is through the precharge circuit 105a, and 
electric charge is stored in the boost capacitor 103 and the 
boost load capacitor 106. 

0067. When the boost is started from that state, the 
boost-starting signal ATDBST is Switched from low level to 
high level VCC and is input to the input terminal of the 
inverter 101. 

0068 Thus, the output signal of the inverter 101 is 
inverted from high level VCC to low level, and the output 
signal of the boost driver 102a is inverted from low level to 
high level Vconst. 
0069. Therefore, a signal of high level Vconst is applied 
to one terminal of the boost capacitor 103. When a high level 
Signal Vconst is applied to one terminal of the boost capaci 
tor 103, the boost node NDBST is boosted from the pre 
charge level VCC to a Voltage level shown in the equation 
(3) by capacitive coupling in the boost capacitor 103. 

0070. In the equation (3), Vboost is voltage which is 
output from the high Voltage output terminal, Vconst is 
constant Voltage which is output from the constant-voltage 
generating circuit 104, Cb is a capacity value of the boost 
capacitor 103, Cl is a capacity value of the boost load 
capacitor 106, and VCC is power Source Voltage Supplied to 
the constant-voltage generating circuit 104. 
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0.071) When the boost is completed, the input of the 
boost-starting signal ATDBST is switched from high level to 
low level. Therefore, voltage level of each node is returned 
to level before boost is started. Then, the boost is completed. 
0072. As described above, according to the second 
embodiment, Since amplitude level of the boost pulse is 
constant Voltage which does not rely on the power Source 
Voltage, it is easy to control the boost level to the upper limit. 
0073 Although the constant voltage is supplied from the 
constant-voltage generating circuit 104 to the precharge 
circuit 105 in the first embodiment, and the constant voltage 
is Supplied from the constant-voltage generating circuit 104 
to the booster circuit 102a in the second embodiment, the 
present invention should not be limited to Such Structures. 
0074 For example, the constant voltage may be supplied 
to both the precharge circuit and the boost driver from the 
constant-voltage generating circuit. In this case, the pre 
charge circuit is preferably structured as shown in FIG. 3, 
and the constant Voltage is Supplied from the precharge 
circuit to the high voltage output terminal (Vboost) on 
standby before boosting. The boost driver is preferably 
structured as shown in FIG. 7, and the boost pulse is 
generated from the boost driver to the boost capacitor. The 
high Voltage output terminal is boosted by the boost capaci 
tor which received the boost pulse. In this case, each of the 
precharge level on Standby before boosting and the ampli 
tude level of the boost pulse is constant Voltage which does 
not rely on the power Source Voltage. 

What is claimed is: 
1. A booster circuit, comprising: 
an output terminal; 
a boost driver to which power Source Voltage is Supplied, 

Said boost driver generating a pulse signal when a 
boost-Starting Signal indicative of Start of boost is input; 

a boost capacitor which boosts Voltage level of Said output 
terminal when said pulse Signal is received; 

a precharge circuit which Supplies Voltage to Said output 
terminal on Standby before boosting, and 

a constant-Voltage generating circuit which Supplies con 
Stant Voltage to Said precharge circuit. 

2. A booster circuit, comprising: 
an output terminal; 
a boost driver which generates a pulse Signal when a 

boost-Starting Signal indicative of Start of boost is input; 
a boost capacitor which boosts Voltage level of Said output 

terminal when said pulse Signal is received; 
a precharge circuit to which power Source Voltage is 

Supplied, said precharge circuit Supplying Voltage to 
Said output terminal on Standby before boosting, and 

a constant-Voltage generating circuit which Supplies con 
Stant Voltage to Said boost driver. 

3. A booster circuit, comprising: 
an output terminal; 
a boost driver which generates a pulse Signal when a 

boost-Starting Signal indicative of Start of boost is input; 
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a boost capacitor which boosts Voltage level of Said output 
terminal when Said pulse Signal is received; 

a precharge circuit which Supplies Voltage to Said output 
terminal on Standby before boosting, and 

a constant-Voltage generating circuit which Supplies con 
Stant Voltage to Said boost driver and Said precharge 
circuit. 

4. A booster circuit according to claim 1, wherein 
Said precharge circuit comprises: 

a field-effect transistor whose Source is connected to 
Said constant-voltage generating circuit and whose 
drain is connected to Said output terminal; and 

a control circuit which controls electric potential of a 
gate of Said field-effect transistor in association with 
Said boost-Starting Signal. 

5. A booster circuit according to claim 1, wherein 
Said boost driver comprises: 

a first field-effect transistor whose gate inputs an 
inverted Signal of Said boost-Starting Signal, Said 
power Source Voltage being Supplied to a Source of 
said first field-effect transistor; and 

a Second field-effect transistor whose Source is 
grounded and whose drain is connected to a drain of 
Said first filed-effect transistor, a gate of Said Second 
field-effect transistor inputting an inverted Signal of 
Said boost-Starting Signal, and a conductive type of a 
channel of Said Second field-effect transistor being 
different from that of said first field-effect transistor. 

6. A booster circuit according to claim 2, wherein 
Said precharge circuit comprises: 

a field-effect transistor whose drain is connected to Said 
output terminal, Said power Source Voltage being 
Supplied to a Source of Said field-effect transistor; 
and 

a control circuit which controls electric potential of a 
gate of Said field-effect transistor in association with 
Said boost-Starting Signal. 
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7. A booster circuit according to claim 2, wherein 
Said boost driver comprises: 

a first field-effect transistor whose Source is connected 
to Said constant-Voltage generating circuit, a gate of 
Said first field-effect transistor inputting an inverted 
Signal of Said boost-Starting Signal; and 

a Second field-effect transistor whose Source is 
grounded and whose drain is connected to a drain of 
Said first filed-effect transistor, a gate of Said Second 
field-effect transistor inputting an inverted Signal of 
Said boost-Starting Signal, and a conductive type of a 
channel of Said Second field-effect transistor being 
different from that of said first field-effect transistor. 

8. A booster circuit according to claim 3, wherein 
Said precharge circuit comprises: 

a first field-effect transistor whose Source is connected 
to Said constant-voltage generating circuit and whose 
drain is connected to Said output terminal; and 

a control circuit which controls electric potential of a 
gate of Said first field-effect transistor in association 
with Said boost-Starting Signal; and 

Said boost driver comprises: 
a Second field-effect transistor whose Source is con 

nected to Said constant-voltage generating circuit, a 
gate of Said Second field-effect transistor inputting an 
inverted Signal of Said boost-Starting Signal; and 

a third field-effect transistor whose Source is grounded 
and whose drain is connected to a drain of Said 
Second filed-effect transistor, a gate of Said third 
field-effect transistor inputting an inverted Signal of 
Said boost-Starting Signal, and a conductive type of a 
channel of said third field-effect transistor being 
different from that of Said second field-effect tran 
Sistor. 


