10

15

20

25

DESCRIPTTION

Title of Invention: VOLTAGE GENERATION CIRCUIT
Technical Field

Embodiments described herein relate generally to a
voltage generation circuit.
Background Art

To reduce a ripple in the output of a booster circuit
(charge pump circuit) in a voltage generation circuit,
there is proposed a technique of controlling the power
supply voltage of a booster clock and an initial charge
voltage by an operational amplifier.
CITATION LIST
PATENT LITERATURES

Patent Literature 1: Jpn. Pat. Appln. KOKAI
Publication No. 2006-014581

Patent Literature 2: Jpn. Pat. Appln. KOKAI
Publication No. 2010-004717

Patent Literature 3: Jpn. Pat. Appln. KOKAI
Publication No. 2008-086165

Patent Literature 4: Jpn. Pat. Appln. KOKAI
Publication No. 08-190437
Summary of Invention
Technical Problem

The present invention provides a voltage generation
circuit that reduces an overshoot of an output voltage.
Solution to Problem

According to one embodiment, a voltage generation
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circuit comprises a charge pump circuit configured to boost
a voltage input to a first node and output a first signal
to a second node, an operational amplifier configured to
receive a first reference voltage and a first voltage
obtained by dividing a voltage of the second node and
output a second signal to a third node, a first transistor
having a gate connected to the third node, one terminal
connected to a power supply, and the other terminal
connected to the first node, a logic circuit configured to
detect the voltage of the second node and output a third
signal, and a charge-up circuit configured to receive the
third signal and charge a voltage of the third node.

BRIEF DESCRIPTION OF THE DRAWINGS

[FIG. 1] FIG. 1 is a block diagram showing the
arrangement of a semiconductor storage device according to
the first embodiment.

[FIG. 2] FIG. 2 is a block diagram showing the
arrangement of a voltage generation circuit according to
the first embodiment.

[FIG. 3] FIG. 3 is a block diagram showing the
arrangements of a charge pump circuit and a latch circuit
shown in FIG. 2.

[FIG. 4] FIG. 4 is a view showing the truth values of
signals output by the latch circuit shown in FIG. 3.

[FIG. 5] FIG. 5 1is a timing chart showing the
operation of the voltage generation circuit according to

the first embodiment.
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[FIG. 6] FIG. 6 is a block diagram showing the
arrangement of a voltage generation circuit according to a
comparative example.

[FIG. 7] FIG. 7 is a timing chart showing the
operation of the voltage generation circuit according to
the comparative example.

[FIG. 8] FIG. 8 is a block diagram showing the
arrangement of a voltage generation circuit according to
the second embodiment.

[FIG. 9] FIG. 9 is a block diagram showing the
arrangements of a discharge circuit and a latch circuit
shown in FIG. 8.

[FIG. 10] FIG. 10 is a timing chart showing the
operation of the voltage generation circuit according to
the second embodiment.

Description of Embodiments

The embodiments will now be described with reference
to the accompanying drawings. The same reference numerals
denote the same parts throughout the drawings. A repetitive
description will be made as needed.

<First Embodiment>

A voltage generation circuit according to the first
embodiment will be described with reference to FIGS. 1, 2,
3, 4, 5, 6, and 7. In the first embodiment, a charge-up
circuit 40 is provided. The charge-up circuit 40 detects
that the output voltage (the voltage of a signal VX2) of a

charge pump circuit 20 reaches a certain voltage. The
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charge-up circuit 40 then quickly charges the gate voltage
of a regulation transistor 90 to a desired level. This can
suppress a further rise of the output voltage of the charge
pump circuit 20 and reduce the overshoot of the signal VX2.
The first embodiment will be described below in detail.

[Arrangement According to First Embodiment]

The arrangement of the voltage generation circuit
according to the first embodiment will be described below
with reference to FIGS. 1, 2, 3, and 4.

As shown in FIG. 1, a semiconductor storage device
(memory) includes a memory cell array 1, a bit line control
circuit 2, a column decoder 3, a data buffer 4, a data
input/output terminal 5, a word line control circuit 6, a
control circuit 7, a control signal input terminal 8, and a
voltage generation circuit 9.

Note that it is not essential to discriminate these
functional blocks in this way. For example, some functions
may be executed by a functional block different from a
functional block exemplified in the following description.
An exemplified functional block may be divided into smaller
functional subblocks. The embodiment is not limited by
which functional block specifies it.

An example in which the semiconductor storage device
is a NAND flash memory will be described below. However,
the present invention is not limited to this.

The memory cell array 1 includes a plurality of

blocks. Each block includes a plurality of memory cells, a
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plurality of word lines, a plurality of bit lines, and the
like. The plurality of memory cells store data. Each block
includes a plurality of pages. The plurality of pages are
formed from a plurality of memory cells. The plurality of
memory cells are electrically coupled to a single word
line. Each block also includes a NAND string. The NAND
string is formed from a plurality of memory cells whose
current paths are coupled in series. The memory cell array
1 is electrically coupled to the bit line control circuit
2, the word line control circuit 6, the control circuit 7,
and the voltage generation circuit 9.

The bit line control circuit 2 reads data from the
memory cells in the memory cell array 1 via the bit lines.
The bit line control circuit 2 also applies a voltage
necessary for write (program) to the memory cells in the
memory cell array 1 via the bit lines, thereby writing data
to the memory cells. The column decoder 3, the data buffer
4, and the control circuit 7 are electrically coupled to
the bit line control circuit 2.

The bit line control circuit 2 includes sense
amplifiers, data storage circuits, and the like (none are
shown). A specific data storage circuit is selected by the
column decoder 3. Data of the memory cells are read to the
selected data storage circuit and output, via the data
buffer 4, from the data input/output terminal 5 to the
outside of the memory. The data input/output terminal 5 is

coupled to a device (for example, a host or a memory
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controller) outside the memory. The data input/output
terminal 5 receives various kinds of commands COM and an
address ADD. The various kinds of commands COM and the
address ADD control the operation of the NAND flash memory.
The data input/output terminal 5 also receives or outputs
data DT. The write data DT is input to the data
input/output terminal 5. The write data DT is supplied, via
the data buffer 4, to a data storage circuit selected by
the column decoder 3. The commands COM and the address ADD
are supplied to the control circuit 7. A sense amplifier
amplifies a potential on a bit line.

The word line control circuit 6 selects a word line in
the memory cell array 1 under the control of the control
circuit 7. The word line control circuit 6 also receives a
voltage necessary for read, write, or erase from the
voltage generation circuit 9. The word line control circuit
6 applies these voltages to the selected word line.

The control circuit 7 is electrically coupled to the
memory cell array 1, the bit line control circuit 2, the
column decoder 3, the data buffer 4, the word line control
circuit 6, and the voltage generation circuit 9 and
controls them. The control circuit 7 is electrically
coupled to the control signal input terminal 8. The control
circuit 7 is controlled by a control signal such as an ALE
(Address Latch Enable) signal input from outside via the
control signal input terminal 8. The control circuit 7 also

outputs a control signal to the voltage generation circuit
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9 and controls the voltage generation circuit 9.

In operations such as write, read, and erase, the
voltage generation circuit 9 applies necessary voltages to
the memory cell array 1, the word line control circuit 6,
and the like under the control of the control circuit 7.
The voltage generation circuit 9 is configured to generate
such various voltages. Details of the arrangement of the
voltage generation circuit 9 will be described later with
reference to FIG. 2.

As shown in FIG. 2, the voltage generation circuit 9
includes the charge pump circuit 20, a limiter circuit 30,
an operational amplifier 37, the charge-up circuit 40, a
clock control circuit 50, a latch circuit 60, and the
regulation transistor 90.

The charge pump circuit 20 receives a clock CLK from
the clock control circuit 50. According to the clock CLK,
the charge pump circuit 20 boosts a voltage transferred
from the regulation transistor 90. The charge pump circuit
20 outputs the boosted voltage as the signal VX2 from the
output terminal (output node). The signal VX2 is output as
a voltage necessary for write, read, erase, and the like.

A node MONl1 is a node that divides the voltage of the
signal VX2 from the output node. The voltage (the voltage
divided by resistive elements 31 to 33) of the node MON1
will be referred to as Vmonl. A node MON2 is a node that
divides the voltage of the signal VX2 from the output node.

The voltage (the voltage divided by the resistive elements
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31 to 33) of the node MONZ will be referred to as Vmon2.

The operational amplifier 37 includes a first input
terminal and a second input terminal. The voltage Vmonl of
the node MON1 is input to the first input terminal. A first
reference voltage VREFl is input to the second input
terminal. The operational amplifier 37 compares the first
reference voltage VREF1l with the voltage Vmonl and outputs
a regulation signal REGL.

The operational amplifier 37 is electrically coupled
to a power supply voltage VCC and the ground potential. If
the voltage Vmonl is lower than the first reference voltage
VREF1l, the operational amplifier 37 discharges and outputs
the regulation signal REGL. If the voltage Vmonl is higher
than the first reference voltage VREF1l, the operational
amplifier 37 charges and outputs the regulation signal
REGL.

The regulation signal REGL is input to the gate of the
regulation transistor (PMOS transistor) 90. One end of the
current path of the regulation transistor 90 is coupled to
the power supply voltage, and the other end is coupled to
the input terminal (input node) of the charge pump circuit
20. The regulation transistor 90 transfers a voltage to the
charge pump circuit 20 in accordance with the regulation
signal REGL.

The limiter circuit 30 detects the level (voltage) of
the signal VX2, and accordingly outputs flags FLG1l and

FLLG2. The limiter circuit 30 includes the resistive
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elements 31 to 33 and comparators 34 and 35.

The resistive element 31 has one terminal electrically
coupled to the output terminal of the charge pump circuit
20 and the other terminal electrically coupled to the node
MON2. The resistive element 32 has one terminal
electrically coupled to the node MON2 and the other
terminal electrically coupled to the node MON1. The
resistive element 33 has one terminal electrically coupled
to the node MON1 and the other terminal electrically
coupled to the ground potential.

The comparator 34 includes a first input terminal and
a second input terminal. The voltage Vmonl of the node MON1
is input to the first input terminal. The first reference
voltage VREF1l is input to the second input terminal. The
comparator 34 compares the first reference voltage VREF1
with the voltage Vmonl and outputs the flag FLGl. If the
voltage Vmonl is lower than the first reference voltage
VREFl, the comparator 34 outputs the flag FLGl1 of "H"
level. If the voltage Vmonl is higher than the first
reference voltage VREF1l, the comparator 34 outputs the flag
FLG1 of "L" level.

The comparator 35 includes a first input terminal and
a second input terminal. The voltage Vmon2 of the node MON2
is input to the first input terminal. A second reference
voltage VREF2 (VREFl equals VREF2, though the present
invention is not limited to this, and they may be

different) is input to the second input terminal. The
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comparator 35 compares the second reference voltage VREF2
with the voltage Vmon2 and outputs the flag FLG2. If the
voltage Vmon2 is lower than the second reference voltage
VREF2, the comparator 35 outputs the flag FLG2 of "H"
level. If the voltage Vmon2 is higher than the second
reference voltage VREF2, the comparator 35 outputs the flag
FLG2 of "L" level.

The latch circuit 60 latches the flags FLGl and FLG2
input from the limiter circuit 30 (comparators 34 and 35),
and outputs a signal OUT1 in accordance with the flags FLG1l
and FLG2. If both the flags FLGl and FLGZ change to "H"
level, the latch circuit 60 is set in a reset state
(standby state). After that, if both the flags FLG1 and
FLG2 change to "L" level, the latch circuit 60 outputs the
signal OUT1 of "H" level only during an appropriate period.
The appropriate period is a period until the output voltage
becomes lower than the flag FLG2 detection level, that is,
until the flag FLG2 changes to "H" level. As the latch
circuit 60, for example, an SR (Set-Reset) flip-flop
circuit is used. Details of the arrangement of the latch
circuit 60 will be described later with reference to
FIG. 3.

The charge-up circuit 40 includes an input terminal
and an output terminal. The signal OUT1 is input to the
input terminal. The output terminal is electrically coupled
to the output terminal of the operational amplifier 37.

That is, the charge-up circuit 40 charges the gate voltage
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of the regulation transistor 90 in accordance with the
signal OUT1 input from the latch circuit 60. Details of the
arrangement of the charge-up circuit 40 will be described
later with reference to FIG. 3.

The clock control circuit 50 generates and outputs the
clock CLK in accordance with the signal OUT1 input from the
latch circuit 60. If the signal OUT1 i1s "L" level, the
clock control circuit 50 outputs a quick clock CLK signal.
If the signal OUT1 is "H" level, the clock control circuit
50 outputs a slow clock CLK signal.

As shown in FIG. 3, the latch circuit 60 includes an
OR gate 61 and NAND gates 62 to 64.

The OR gate 61 performs the OR operation between the
input flags FLGl and FLGZ2, and outputs the result as a
signal SET1. The NAND gate 62 performs the NAND operation
between the input flags FLGl and FLG2, and outputs the
result as a signal RST1. The NAND gate 63 performs the NAND
operation between the signal SET1 input from the OR gate 61
and a signal input from the NAND gate 64, and outputs the
result as the signal OUT1l. The NAND gate 64 performs the
NAND operation between the signal RST1 input from the NAND
gate 62 and the signal OUT1 input from the NAND gate 63,
and outputs the result.

As shown in FIG. 4, according to the NAND gates 63 and
64, if the signal SET1 is "L (0)" level, and the signal
RST1 is "H (1)" level, the signal OUT1 of "H (1)" level is

output. In addition, according to the NAND gates 63 and 64,
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if the signal SET1 is "H (1)" level, and the signal RST1 is
"L (0)" level, the signal OUT1 of "L (0)" level is output.
On the other hand, according to the NAND gates 63 and 64,
if both the signals SET1 and RST1 are "H (1)" level, the
current output state is held.

That is, if both the flags FLGl and FLG2 are "L (0)"
level, the signal 0OUT1 of "H (1)" level is output. In
addition, if both the flags FLGl and FLG2 are "H (1)"
level, the signal OUT1 of "L (0)" level is output. On the
other hand, if the signal levels of the flags FLGl and FLG2
are different, the current output state is held.

Referring back to FIG. 3, the charge-up circuit 40
includes a NAND gate 41, PMOS transistors 42 and 43, a
delay circuit 44, and an inverter 45.

The delay circuit 44 delays the signal 0OUT1 input from
the latch circuit 60 (NAND gate 63) and outputs it. The
delay circuit 44 delays the signal OUT1 by, for example, 10
ns. The inverter 45 inverts the signal input from the delay
circuit 44, and outputs a signal /D_OUT1l. The NAND gate 41
performs the NAND operation between the signal OUT1 input
from the latch circuit 60 (NAND gate 63) and the signal
/D_OUT1 input from the inverter 45, and outputs the result
as a signal CHGUP. The signal CHGUP is input to the gate of
the PMOS transistor 42. One end of the current path of the
PMOS transistor 42 is coupled to the power supply voltage.
One end of the current path of the PMOS transistor 43 1is

coupled to the other end of the current path of the PMOS
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transistor 42. The gate and the other end of the current
path of the PMOS transistor 43 are coupled to the output
terminal (output node) of the operational amplifier 37.

[Operation According to First Embodiment]

The operation of the voltage generation circuit
according to the first embodiment will be described below
with reference to FIG. 5.

An operation is shown here, in which if the output
voltage (the voltage of the signal VX2) of the charge pump
20 is lowered from a certain voltage (regulation level, the
flag FLGl detection level, for example, 3.9 V) and the flag
FLG2 detection level by a capacitive load (for example, a
load on a bit line driver), the charge-up circuit 40
recovers the output voltage from the state to the certain
voltage.

If the voltage of the signal VX2 is the certain
voltage, the voltage of the regulation signal REGL is
almost voltage Vcc - Vtp. The voltage Vtp is the threshold
voltage of the regulation transistor 90.

The operation of the operational amplifier 37 will be
described first.

As shown in FIG. 5, at time T1, if the output voltage
(the voltage of the signal VX2) of the charge pump 20 is
lowered from a certain voltage by a capacitive load, the
operational amplifier 37 detects it. That is, the
operational amplifier 37 detects that the voltage Vmonl of

the node MONl obtained by dividing the voltage of the
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signal VX2 1is lower than the first reference voltage VREF1.
The operational amplifier 37 then discharges the voltage of
the regulation signal REGL from the voltage Vcc - Vtp to
the ground potential. As a result, the voltage of the
signal VX2 rises.

After that, at time T4, if the voltage of the signal
VX2 exceeds the certain voltage, the operational amplifier
37 detects it. That is, the operational amplifier 37
detects that the voltage Vmonl of the node MONl1 obtained by
dividing the voltage of the signal VX2 is higher than the
first reference voltage VREF1l. The operational amplifier 37
then charges the voltage of the regulation signal REGL to
the voltage Vcc - Vtp. As a result, the voltage of the
signal VX2 changes to the certain voltage.

At this time, to reduce the overshoot of the voltage
of the signal VX2, the comparators 34 and 35, the latch
circuit 60, and the charge-up circuit 40 perform the
following operations in parallel to the operational
amplifier 37.

At time T1, the comparator 34 detects that the voltage
vmonl of the node MON1 obtained by dividing the voltage of
the signal VX2 is lower than the first reference voltage
VREFl. The comparator 34 outputs the flag FLGl1 of "H"
level.

In addition, the comparator 35 detects that the
voltage Vmon2 of the node MON2 obtained by dividing the

voltage of the signal VX2 is lower than the second
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reference voltage VREF2. The comparator 35 outputs the flag
FLG2 of "H" level.

When the flags FLGl and FLG2 of "H" level are input,
the OR gate 61 outputs the signal SET1 of "H" level. When
the flags FLGl and FLG2 of "H" level are input, the NAND
gate 62 outputs the signal RST1 of "L" level. When the
signal SET1 of "H" level is input to the NAND gate 63, and
the signal RST1 of "L" level is input to the NAND gate 64,
the latch circuit 60 (NAND gate 63) outputs the signal 0OUT1
of "L" level.

Next, at time T2, the inverter 45 inverts the signal
OUT1 of "L" level delayed by the delay circuit 44, and
outputs the signal /D_OUT1l of "H" level.

At time T3, the comparator 35 detects that the voltage
Vmon2 of the node MON2 obtained by dividing the voltage of
the signal VX2 is higher than the second reference voltage
VREF2. The comparator 35 outputs the flag FLG2 of "L"
level.

When the flag FLGl of "H" level and the flag FLG2 of
"L" level are input, the NAND gate 62 outputs the signal
RST1 of "H" level. At this time, although the signal SET1
of "H" level is input to the NAND gate 63, and the signal
RST1 of "H" level is input to the NAND gate 64, the latch
circuit 60 (NAND gate 63) holds the output state. That is,
the latch circuit 60 (NAND gate 63) continuously outputs
the signal OUT1 of "L" level.

After that, at time T4, the comparator 34 detects that
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the voltage Vmonl of the node MON1 obtained by dividing the
voltage of the signal VX2 is higher than the first
reference voltage VREF1l. The comparator 34 outputs the flag
FLGL of "L" level.

When the flags FLGl and FLG2 of "L" level are input,
the OR gate 61 outputs the signal SET1 of "L" level. At
this time, when the signal SET1 of "L" level is input to
the NAND gate 63, and the signal RST1 of "H" level is input
to the NAND gate 64, the latch circuit 60 (NAND gate 63)
outputs the signal OUT1 of "H" level.

When the signal 0OUT1 of "H" level and the signal
/D_0UT1 of "H" level are input, the NAND gate 41 outputs
the signal CHGUP of "L" level. Accordingly, the PMOS
transistor 42 is turned on. In addition, since the voltage
(the voltage of the regulation signal REGL) of the output
terminal of the operational amplifier 37 is lower than the
voltage Vcc - Vtp, the PMOS transistor 43 is turned on. For
this reason, the output terminal of the operational
amplifier 37 is electrically coupled to the power supply
voltage VCC via the PMOS transistors 42 and 43. As a
result, the voltage of the regulation signal REGL is
quickly charged up to the voltage Vcc - Vtp.

If the voltage of the regulation signal REGL reaches
the voltage Vcc - Vtp, thé rise of the voltage of the
signal VX2 beyond the certain voltage stops. That is, the
overshoot of the voltage of the signal VX2 can be reduced

by quickly charging the voltage of the regulation signal
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REGL to the voltage Vcc - Vtp.

Note that although not illustrated in FIG. 3, the
signal OUT1 of "H" level output from the latch circuit 60
is input to the clock control circuit 50. The clock control
circuit 50 makes the clock CLK slow in accordance with the
signal OUT1 of "H" level. This can suppress the boost
operation by the charge pump 20.

After that, at time T5, the inverter 45 inverts the
signal OUT1l of "H" level delayed by the delay circuit 44,
and outputs the signal /D_OUT1 of "L" level.

Upon receiving the signal OUT1 of "H" level and the
signal /D_OUT1 of "L" level, the NAND gate 41 outputs the
signal CHGUP of "H" level. Accordingly, the PMOS transistor
42 is turned off. Note that the ON time of the PMOS
transistor 42 (the time during which the signal CHGUP is
"L" level) is the delay time of the delay circuit 44 and
is, for example, 10 ns.

The operation of the voltage generation circuit
according to the first embodiment is thus completed.

Note that the operations of the above-described
comparators 34 and 35, latch circuit 60, and charge-up
circuit 40 are performed when the voltage of the signal VX2
is lower than not only the flag FLGl detection level
(certain voltage) but also the flag FLG2 detection level.
That is, if the voltage of the signal VX2 is lower than the
flag FLGl detection level but higher than the flag FLG2

detection level, the operations are not performed. This is
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because adjusting the voltage of the signal VX2 to the
certain voltage when the voltage of the signal VX2 slightly
rises and lowers near the certain voltage can sufficiently
be done by the control of the operational amplifier 37.

[Effect According to First Embodiment]

As shown in FIG. 6, a voltage generation circuit 9
according to a comparative example does not include a
charge-up circuit 40. Hence, in the voltage generation
circuit 9 according to the comparative example, the voltage
of a signal VX2 overshoots upon recovery, as shown in
FIG. 7.

More specifically, as shown in FIG. 7, in the
comparative example, at time Tll, an operational amplifier
37 detects that a voltage Vmonl of a node MON1 obtained by
dividing the voltage of the signal VX2 is lower than a
first reference voltage VREFl. The operational amplifier 37
then discharges the voltage of a regulation signal REGL
from a voltage Vcc - Vtp. As a result, a regulation
transistor 90 operates so as to boost the voltage of the
signal VX2 to the certain voltage. The voltage of the
signal VX2 thus rises.

After that, at time T1l2, the operational amplifier 37
detects that the voltage Vmonl of the node MON1 obtained by
dividing the voltage of the signal VX2 is higher than the
first reference voltage VREF1.

At time T13, the operational amplifier 37 charges the

voltage of the regulation signal REGL to the voltage
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Vce - Vitp. As a result, the regulation transistor 90
operates so as to change voltage of the signal VX2 to the
certain voltage.

At this time, since the load (regulation transistor
90) is very large with respect to the driving capability of
the operational amplifier 37, the control to charge the
voltage of the regulation signal REGL to the voltage
Vce - Vtp cannot be done only by the operational amplifier
37. Hence, in the comparative example, the time (the time
from time T12 to time T13) after the voltage of the signal
VX2 reaches the certain voltage until the voltage of the
regulation signal REGL is charged to the voltage Vcc - Vtp
is long. Since the voltage of the signal VX2 continuously
rises during this time, a large overshoot occurs. For
example, the voltage of the signal VX2 exceeds the certain
voltage of 3.9 V and rises to about 5.0 V. As a result, the
voltage may exceed the breakdown voltage of a transistor
(not shown) that outputs the signal VX2 or uses the signal
VX2 as the power supply.

On the other hand, according to the first embodiment,
the charge-up circuit 40 is provided. Upon detecting that
the voltage of the signal VX2 reaches the certain voltage,
the charge-up circuit 40 quickly charges the gate voltage
of the regulation transistor 90 to a desired level. This
makes it possible to control to lower the power supply
voltage (the voltage transferred by the regulation

transistor) input to the charge pump circuit 20 without
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increasing the current of the operational amplifier 37. It

is therefore possible to suppress the rise of the voltage

of the signal VX2 and reduce the overshoot of the voltage

of the signal VX2. For example, the overshoot of the

voltage of the signal VX2 can be reduced to about 4.3 V.
<Second Embodiment>

A voltage generation circuit according to the second
embodiment will be described with reference to FIGS. 8, 9,
and 10. In the second embodiment, a discharge circuit 70 is
further provided. Upon detecting that the voltage of a
signal VX2 lowers from a certain voltage and a flag FLG2
detection level, the discharge circuit 70 quickly
discharges the gate voltage of a regulation transistor 90
to a desired level (ground potential). This makes it
possible to quickly boost the voltage of the signal VX2 to
the certain voltage. The second embodiment will be
described below in detail.

Note that in the second embodiment, a description of
the same points as in the first embodiment will be omitted,
and different points will mainly be described.

[Arrangement According to Second Embodiment]

The arrangement of the voltage generation circuit
according to the second embodiment will be described below
with reference to FIGS. 8 and 9.

As shown in FIG. 8, the second embodiment is different
from the first embodiment in that a voltage generation

circuit 9 includes a latch circuit 80 and the discharge
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The latch circuit 80 latches flags FLGl and FLG2 input
from comparators 34 and 35, and outputs a signal OUT1 in
accordance with the flags FLGl and FLG2. As the latch
circuit 80, for example, an SR (Set-Reset) flip-flop
circuit is used. Details of the arrangement of the latch
circuit 80 will be described later with reference to
FIG. 9.

The discharge circuit 70 includes an input terminal
and an output terminal. A signal OUT2 is input to the input
terminal. The output terminal is electrically coupled to
the output terminal of an operational amplifier 37. That
is, the discharge circuit 70 discharges the level of the
gate voltage of the regulation transistor 90 in accordance
with the signal 0UT2 input from the latch circuit 80.
Details of the arrangement of the discharge circuit 70 will
be described later with reference to FIG. 9.

As shown in FIG. 9, the latch circuit 80 includes an
OR gate 81 and NAND gates 82 to 84.

The OR gate 81 performs the OR operation between the
input flags FLG1 and FLGZ, and outputs the result as a
signal SET2. The NAND gate 82 performs the NAND operation
between the input flags FLGl1 and FLG2, and outputs the
result as a signal RST2. The NAND gate 83 performs the NAND
operation between the signal SET2 input from the OR gate 81
and a signal input from the NAND gate 84, and outputs the

result as the signal OUTZ. The NAND gate 84 performs the
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NAND operation between the signal RST2Z input from the NAND
gate 82 and the signal OUT2 input from the NAND gate 83,
and outputs the result.

As described above, the latch circuit 80 has the same
arrangement as the latch circuit 60. Hence, as shown in
FIG. 4, according to the NAND gates 83 and 84, if the
signal SET2 is "L (0)" level, and the signal RST2 is "H
(1)" level, the signal OUT2 of "H (1)" level is output. In
addition, according to the NAND gates 83 and 84, if the
signal SET2 is "H (1)" level, and the signal RST2 is "L
(0)" level, the signal OUT2 of "L (0)" level is output. On
the other hand, according to the NAND gates 83 and 84, if
both the signals SET2 and RST2 are "H (1)" level, the
current output state is held.

That is, if both the flags FLGl and FLG2 are "L (0)"
level, the signal OUT2 of "H (1)" level is output. In
addition, if both the flags FLGl and FLG2 are "H (1)"
level, the signal 0OUT2 of "L (0)" level is output. On the
other hand, i1f the signal levels of the flags FLGl and FLG2
are different (in this example, if the flag FLGl is "H (1)"
level, and the flag FLG2 is "L (0)" level), the current
output state is held.

Referring back to FIG. 9, the discharge circuit 70
includes a NOR gate 71, an NMOS transistor 72, a delay
circuit 74, and an inverter 75.

The delay circuit 74 delays the signal OUT2 input from

the latch circuit 80 (NAND gate 83) and outputs it. The
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delay circuit 74 delays the signal OUT2 by, for example, 10
ns. The inverter 75 inverts the signal input from the delay
circuit 74, and outputs a signal /D_OUT2. The NOR gate 71
performs the NOR operation between the signal OUT2 input
from the latch circuit 80 (NAND gate 83) and the signal
/D_0UT2 input from the inverter 75, and outputs the result
as a signal DISCHG. The signal DISCHG is input to the gate
of the NMOS transistor 72. One end of the current path of
the NMOS transistor 72 is coupled to the ground potential,
and the other end of the current path is coupled to the
output terminal of the operational amplifier 37.

[Operation According to Second Embodiment]

The operation of the voltage generation circuit
according to the second embodiment will be described below
with reference to FIG. 10.

As in FIG. 5, an operation is shown here, in which if
the output voltage (the voltage of the signal VX2) of a
charge pump 20 is lowered from a certain voltage and the
flag FLG2 detection level by a capacitive load, the output
voltage is recovered from the state to the certain voltage.

As shown in FIG. 10, at time T21, if the output
voltage (the voltage of the signal VX2) of the charge pump
20 is lowered from a certain voltage by a capacitive load,
the operational amplifier 37 performs the same operation as
in the first embodiment. That is, the operational amplifier
37 discharges the voltage of the regulation signal REGL

from a voltage Vcc - Vtp. As a result, the voltage of the
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On the other hand, the comparator 34 detects that a
voltage Vmonl obtained by dividing the voltage of the
signal VX2 is lower than a first reference voltage VREF1.
The comparator 34 outputs the flag FLGl of "H" level.

In addition, the comparator 35 detects that the
voltage Vmon2 obtained by dividing the voltage of the
signal VX2 is lower than a second reference voltage VREF2
(VREF1 = VREF2). The comparator 35 outputs the flag FLG2 of
"H" level.

When the flags FLG1 and FLG2 of "H" level are input,
the OR gate 81 outputs the signal SET2 of "H" level. When
the flag FLG1l of "H" level and the flag FLG2 of "H" level
are input, the NAND gate 82 outputs the signal RST2 of "L"
level. When the signal SETZ of "H" level is input to the
NAND gate 83, and the signal RST2 of "L" level is input to
the NAND gate 84, the latch circuit 80 (NAND gate 83)
outputs the signal 0UT2 of "L" level.

When the signal OUT2 of "L" level and the signal
/D_0UT2 of "L" level are input, the NOR gate 71 outputs the
signal DISCHG of "H" level. Accordingly, the NMOS
transistor 72 is turned on. For this reason, the output
terminal of the operational amplifier 37 is electrically
coupled to the ground potential via the NMOS transistor 72.
As a result, the voltage of the regulation signal REGL is
guickly discharged up to the ground potential.

The voltage of the signal VX2 can quickly be boosted
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by quickly discharging the voltage of the regulation signal
REGL. It is therefore possible to recover the lowered
voltage of the signal VX2 to the certain voltage in a short
time. That is, the time from time T21 to time T24 (to be
described later) in the second embodiment can be made
shorter than the time from time T1 to time T4 in the first
embodiment.

Next, at time T22, the inverter 75 inverts the signal
QUT2 of "L" level delayed by the delay circuit 74, and
outputs the signal /D_0UT2 of "H" level.

When the signal OUT2 of "L" level and the signal
/D_0UT2 of "H" level are input, the NOR gate 71 outputs the
signal DISCHG of "L" level. Accordingly, the NMOS
transistor 72 is turned off. Note that the ON time of the
NMOS transistor 72 (the time during which the signal DISCHG
is "H" level) is the delay time of the delay circuit 74 and
is, for example, 10 ns.

Next, at time T23, the comparator 35 detects that a
voltage Vmon2 obtained by dividing the voltage of the
signal VX2 is higher than the second reference voltage
VREF2. The comparator 35 outputs the flag FLG2 of "L"
level.

When the flag FLG1 of "H" level and the flag FLG2 of
"L" level are input, the NAND gate 82 outputs the signal
RST2 of "H" level. At this time, although the signal SET2
of "H" level is input to the NAND gate 83, and the signal

RST2 of "H" level is input to the NAND gate 83, the latch
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circuit 80 (NAND gate 83) holds the output state. That is,
the latch circuit 80 (NAND gate 83) continuously outputs
the signal 0UT2 of "L" level.

After that, at time T24, the comparator 34 detects
that the voltage Vmonl obtained by dividing the voltage of
the signal VX2 is higher than the first reference voltage
VREF1l. The comparator 34 outputs the flag FLG1 of "L"
level.

When the flag FLG1 of "L" level and the flag FLG2 of
"L" level are input, the OR gate 81 outputs the signal SET2
of "L" level. At this time, when the signal SET2 of "L"
level is input to the NAND gate 83, and the signal RST2 of
"H" level is input to the NAND gate 84, the latch circuit
80 (NAND gate 83) outputs the signal 0UT2 of "H" level.

Note that in the second embodiment as well, a latch
circuit 60 and a charge-up circuit 40 operate as in the
first embodiment from time T21 to time T24. That is, the
latch circuit 60 and the charge-up circuit 40 operate in
parallel to the latch circuit 80 and the discharge circuit
70.

The operation of the voltage generation circuit
according to the second embodiment is thus completed.

[Effect According to Second Embodiment]

According to the second embodiment, the discharge
circuit 70 is provided. Upon detecting that the voltage of
the signal VX2 lowers from the certain voltage and the flag

FLG2 detection level, the discharge circuit 70 quickly
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discharges the gate voltage of the regulation transistor 90
to the ground potential. This makes it possible to control
to raise the power supply voltage (the voltage transferred
by the regulation transistor) of the charge pump circuit
20. It is therefore possible to quickly boost the voltage
of the signal VX2 to the certain voltage.

While certain embodiments of the inventions have been
described, these embodiments have been presented by way of
examples only, and are not intended to limit the scope of
the inventions. Indeed, the novel methods and systems
described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions and
changes in the form of the methods and systems described
herein may be made without departing from the spirit of the
inventions. The appended claims and their eqguivalents are
intended to cover such forms or modifications as would fall
within the scope and spirit of the inventions.

REFERENCE SIGNS LIST

20...charge pump circuit, 30...limiter circuit, 34,
35...comparator, 37...operational amplifier, 40...charge-up
circuit, 41, 62, 63, 64, 82, 83, 84...NAND gate, 42,
43...PMOS transistor, 50...clock control circuit, 60,
80...latch circuit, 61, 81...0R gate, 70...discharge
circuit, 71...NOR gate, 72...NMOS transistor,

90...regulation transistor
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CLAIMS

1. A voltage generation circuit comprising:

a charge pump circuit configured to boost a voltage
input to a first node and output a first signal to a second
node;

an operational amplifier configured to receive a first
reference voltage and a first voltage obtained by dividing
a voltage of the second node and output a second signal to
a third node;

a first transistor having a gate coupled to the third
node, one terminal coupled to a power supply, and the other
terminal coupled to the first node;

a logic circuit configured to detect the voltage of
the second node and output a third signal; and

a charge-up circuit configured to receive the third
signal and charge a voltage of the third node.

2. The voltage generation circuit of claim 1, wherein

the charge-up circuit comprises:

a first PMOS transistor having a gate configured to
receive a fourth signal based on the third signal and one
terminal coupled to a power supply voltage; and

a second PMOS transistor having one terminal coupled
to the other terminal of the first PMOS transistor and the
other terminal and a gate coupled to a fourth node.

3. The voltage generation circuit of claim 2, wherein
the charge-up circuit further comprises a first NAND gate

configured to perform a NAND operation between the third
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signal and a fifth signal obtained by delaying and
inverting the third signal and output a result as the
fourth signal.

4. The voltage generation circuit of claim 1, wherein

the logic circuit includes a limiter circuit
comprising:

a first comparator configured to compare the first
reference voltage with a voltage based on the voltage of
the second node and output a first flag; and

a second comparator configured to compare a second
reference voltage egual to the first reference voltage with
the voltage based on the voltage of the second node and
output a second flag.

5. The voltage generation circuilt of claim 4, wherein
the logic circuit includes a first latch circuit that is an
SR flip-flop circuit.

6. The voltage generation circuit of claim 1, wherein

the logic circuit includes a first latch circuit
comprising:

a first OR gate configured to perform an OR operation
between the first flag and the second flag and output a
result as a sixth signal;

a second NAND gate configured to perform a NAND
operation between the first flag and the second flag and
output a result as a seventh signal;

a third NAND gate configured to perform a NAND

operation between the seventh signal and the third signal
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and output a result as an eighth signal; and

a fourth NAND gate configured to perform a NAND
operation between the sixth signal and the eighth signal
and output a result as the third signal.

7. The voltage generation circuit of claim 1, further
comprising a clock control circuit configured to output a
clock signal in accordance with the third signal,

wherein the charge pump circuit controls boost of a
voltage of the first node in accordance with the clock
signal.

8. The voltage generation circuit of claim 1, further
comprising:

a second latch circuit configured to output a ninth
signal in accordance with the first flag and the second
flag; and

a discharge circuit configured to discharge a voltage
of the third node in accordance with the ninth signal.

9. The voltage generation circuit of claim 8, wherein
the discharge circuit comprises a first NMOS transistor
having a gate configured to receive a 10th signal based on
the ninth signal and one terminal coupled to a ground
potential.

10. The voltage generation circuit of claim 9,
wherein the discharge circuit further comprises a first NOR
gate configured to perform a NOR operation between the
ninth signal and a 1lth signal obtained by delaying and

inverting the ninth signal and output a result as the 10th
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11. The voltage generation circuit of claim 8,
wherein

the second latch circuit comprises:

a second OR gate configured to perform an OR operation
between the first flag and the second flag and output a
result as a 12th signal;

a fifth NAND gate configured to perform a NAND
operation between the first flag and the second flag and
output a result as a 13th signal;

a sixth NAND gate configured to perform a NAND
operation between the 12th signal and the ninth signal and
output a result as a 1l4th signal; and

a seventh NAND gate configured to perform a NAND
operation between the 12th signal and the 14th signal and
output a result as the ninth signal.

12. A voltage generation circuit comprising:

a charge pump circuit configured to boost a voltage
input to a first node and output a first signal to a second
node;

an operational amplifier configured to receive a first
reference voltage and a first voltage obtained by dividing
a voltage of the second node and output a second signal to
a third node;

a first transistor having a gate coupled to the third
node, one terminal coupled to a power supply, and the other

terminal coupled to the first node;
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a logic circuit configured to detect the voltage of
the second node and output a third signal;

a first latch circuit configured to receive the third
signal and output a fourth signal; and

a discharge circuit configured to receive the fourth
signal and discharge a voltage of the third node.

13. The voltage generation circuit of claim 12,
wherein the discharge circuit comprises a first NMOS
transistor having a gate configured to receive a fifth
signal based on the fourth signal and one terminal coupled
to a ground potential.

14. The voltage generation circuit of claim 13,
wherein the discharge circuit further comprises a first NOR
gate configured to perform a NOR operation between the
fourth signal and a sixth signal obtained by delaying and
inverting the fourth signal and output a result as the
fifth signal.

15. The voltage generation circuit of claim 12,
wherein the first latch circuit comprises:

a first OR gate configured to perform an OR operation
between the first flag and the second flag and output a
result as a seventh signal;

a first NAND gate configuréd to perform a NAND
operation between the first flag and the second flag and
output a result as an eighth signal;

a second NAND gate configured to perform a NAND

operation between the seventh signal and the third signal
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and output a result as a ninth signal; and
a third NAND gate configured to perform a NAND
operation between the seventh signal and the ninth signal

and output a result as the fourth signal.



