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SEMICONDUCTOR INTEGRATED DEVICE

INCORPORATION BY REFERENCE

[0001] This application is based upon and claims the ben-
efit of priority from Japanese patent application No. 2009-
117889, filed on May 14, 2009, the disclosure of which is
incorporated herein in its entirety by reference.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present invention relates to a semiconductor

integrated device.

[0004] 2. Description of Related Art

[0005] FIG. 12 shows a semiconductor memory circuit 1
according to a related art. As shown in FIG. 12, the semicon-
ductor memory circuit 1 includes a cell array area 2, a sense
amplifier area 3, and a driver area 4.

[0006] Thecell array area 2 includes multiple memory cells
(CELL1, CELL2,...).

[0007] Each memory cell is connected to one of a pair of bit
lines D and DB. Each memory cell includes a gate transistor
Tr and a cell capacitor Ccell. One of the drain and source of
the gate transistor Tr is connected to one of the pair of bit lines
D and DB. The other of the drain and source of the gate
transistor Tr is connected to the cell capacitor Ccell. A node
between the gate transistor Tr and the cell capacitor Ccell
serves as a cell node. A terminal of the cell capacitor Ccell on
the opposite side of the cell node is connected to an HVDD
terminal. The HVDD terminal is supplied with a voltage
1AVDD (VDD: power supply voltage). The gate of the gate
transistor Tr is connected to a word line WL (WL1, WL2, . .
D)

[0008] Thesense amplifier area 3 includes a sense amplifier
SA1 and a precharge circuit PDLUI.

[0009] The sense amplifier SA1 includes PMOS transistors
TP11 and TP12 and NMOS transistors TN11 and TN12. The
PMOS transistor TP11 and the NMOS transistor TN11 are
connected in series between sense amplifier control lines SAP
and SAN. The PMOS transistor TP12 and the NMOS tran-
sistor TN12 are also connected in series between the sense
amplifier control lines SAP and SAN. A connection node Al
between the PMOS transistor TP11 and the NMOS transistor
TN11 is connected to the bit line D and the gates of the PMOS
transistor TP12 and the NMOS transistor TN12. A connection
node A2 between the PMOS transistor TP12 and the NMOS
transistor TN12 is connected to the bit line DB and the gates
of'the PMOS transistor TP11 and the NMOS transistor TN11.
[0010] The precharge circuit PDLU1 includes NMOS tran-
sistors TN21, TN22, and TN23. The NMOS transistor TN21
is connected between the pair of bit lines D and DB. The
NMOS transistor TN22 is connected to the HVDD terminal
and the bitline D. The NMOS transistor TN23 is connected to
the HVDD terminal and the bit line DB. The gates of the
NMOS transistors TN21, TN22, and TN23 are each con-
nected to a precharge control line PDL. For convenience of
description, reference symbols “WL”, “SAP”, “SAN”, and
“PDL” each represent a line name as well as a name of a signal
to be applied to the line.

[0011] The driver area 4 includes driver amplifiers AMP1,
AMP2, . ... The driver area 4 further includes driver ampli-
fiers AMP11, AMP12, and AMP20. The amplifiers AMP1,
AMP2 . . . apply word signals WL1, WL2, . . . to word lines
WL1,WL2,.. ., respectively. A power supply voltage of each
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of the driver amplifiers AMP1, AMP2, . . . is supplied from a
VPP power supply 10. A voltage VPP supplied from the VPP
power supply 10 has a potential higher than the power supply
voltage VDD.

[0012] The driver amplifiers AMP11 and AMP12 apply
sense amplifier signals SAP and SAN to the sense amplifier
control lines SAP and SAN, respectively, in response to a
control signal SE. A power supply voltage of the amplifier
AMP11 is supplied from a VDD power supply 20. The VDD
power supply 20 supplies a power supply voltage VDD. Note
that the driver amplifier AMP12 supplies a ground voltage
GND to the sense amplifier control line SAN in response to
the control signal SE.

[0013] The driver amplifier AMP20 applies a precharge
control signal PDL to the precharge control line PDL. A
power supply voltage of the driver amplifier AMP20 is sup-
plied from a VPDL power supply 30. A voltage VPDL sup-
plied from the VPDL power supply 30 has a potential higher
than the power supply voltage VDD. The reasons for setting
the voltage VPDL higher than the power supply voltage VDD
are as follows. First, as described above, the precharge volt-
age of the pair of bit lines D and DB is Y2VDD. Ifthe potential
of the precharge control signal PDL of high level is set as the
power supply voltage VDD, a potential difference between
the gate and drain (or source) is about %2VDD. Thus, there is
a possibility that the NMOS transistors TN21 to TN23 are not
activated rapidly and sufficiently. Such a phenomenon is
remarkable particularly when the power supply voltage VDD
is further reduced. Therefore, in order to increase the opera-
tion speed of the precharge circuit, it is necessary to apply a
voltage having a potential higher than that of the power sup-
ply voltage VDD (e.g., about VDD+0.5 V) to the gates of the
NMOS transistors TN21 to TN23.

[0014] Herein, a transistor having a gate oxide film thick-
ness with a breakdown voltage within the range of the normal
power supply voltage VDD is referred to as a thin-film tran-
sistor, and a transistor having a gate oxide film with a thick-
ness greater than the gate oxide film thickness of the thin-film
transistor is referred to as a thick-film transistor. Referring to
FIG. 12, in the semiconductor memory circuit 1 of the related
art, thick-film transistors are used as the constituent transis-
tors. Each thick-film transistor has a relatively high break-
down voltage characteristic (e.g., 1.5 V or higher). In this
case, however, transistors having a larger gate oxide film
thickness require a longer channel length, which cases a
problem of an increase in layout area of thick-film transistors.

[0015] FIG. 13 shows a timing diagram illustrating opera-
tion of the semiconductor memory circuit 1. This exemplary
embodiment shows the case where the memory cell CELL1
holding high-level information is selected and the informa-
tion is read out to the bit lines. Additionally, it is assumed that
the pair of bit lines D and DB are precharged to the voltage
1AVDD.

[0016] Referring to FIG. 13, at a time t1, the word signal
WL1 rises to the voltage VPP. At this time, the memory cell
CELL1 holds the high-level information. Accordingly, the
potential of the bit line D slightly increases. At a time t2, the
control signal SE becomes high level. Further, the sense
amplifier control signal SAP becomes equal to the power
supply voltage VDD, and the sense amplifier control signal
SAN becomes equal to the ground voltage GND. Thus, the
sense amplifier SA1 starts sensing operation and amplifies a
potential difference between the pair of bit lines D and DB to
the power supply voltage VDD and to the ground voltage
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GND. Then, the amplified potential difference between the
pair of bit lines D and DB is read out to an external circuit.
[0017] After that, at a time t3, the word signal WL1 falls to
the ground voltage GND. Accordingly, the cell node of the
memory cell CELL1 and the bit line D are electrically dis-
connected from each other. The control signal SE also falls to
the ground voltage GND. As a result, the sense amplifier SA1
stops the sensing operation. Then, at a time t4, the precharge
control signal PDL rises to the voltage VPDL, and the pair of
bit lines D and DB are precharged again to the voltage
1AVDD. The semiconductor memory circuit 1 of the related
art operates in the manner as described above.

[0018] Inrecentyears, there is a demand forhigherlevels of
integration and higher performance of semiconductor inte-
grated devices such as system LSIs. Along with the demand,
the miniaturization in fabrication process for semiconductor
integrated devices has advanced, and the power supply volt-
age has been reduced in potential. In such system L.SIs, a logic
circuit and a memory circuit such as a DRAM coexist. There-
fore, a circuit, such as the semiconductor memory circuit 1,
and a logic circuit that operates at high speed are integrated
into one chip. For this reason, there is a demand for higher
speed operation and higher levels of integration of the semi-
conductor memory circuit 1. Along with the reduction in chip
area and the higher speed operation, the gate oxide film of
each transistor constituting the semiconductor memory cir-
cuit 1 has been reduced in thickness.

[0019] In this case, the NMOS transistors TP11, TP12,
TN11, and TN12, which constitute the sense amplifier SA1,
require a breakdown voltage of about the power supply volt-
age VDD at a maximum. Accordingly, thin-film transistors
having a low breakdown voltage corresponding to the
reduced power supply voltage can be used as the MOS tran-
sistors TP11, TP12, TN11, and TN12. However, as described
above, the high potential VPP is applied to the gate of the gate
transistor Tr of each memory cell. It is difficult to reduce the
thickness of the gate oxide film of the gate transistor Tr, and
thus a thin-film transistor having a relatively thick gate oxide
film must be used.

[0020] Additionally, the system LSI incorporating the
semiconductor memory circuit 1 includes a logic circuit as a
peripheral circuit of the semiconductor memory circuit 1 as
described above. The logic circuit performs logic processing
using data held in the semiconductor memory circuit 1. The
logic circuit requires high-speed operation, and thus the most
thinned transistors are used in a semiconductor integrated
device such as a system LSI. Japanese Unexamined Patent
Application Publication No. 2001-15704 (hereinafter
referred to as “Patent Document 1) discloses a technique in
which transistors formed of gate oxide films having different
thicknesses are used in one semiconductor integrated device,
as with the system LSI.

SUMMARY

[0021] The present inventors have found a problem as
described below. In the technique disclosed in Patent Docu-
ment 1, a thick-film transistor is used as a central transistor of
a memory cell, and a thin-film transistor, which is used for a
logic circuit, is used as a precharge MOS transistor and a
sense amplifier. Patent Document 1 discloses that a high
voltage is not applied to the precharge MOS transistor which
is formed of a thin-film transistor. However, unless a voltage
higher than the power supply voltage as in the semiconductor
memory circuit 1 is applied to the transistor for use in the

Nov. 18, 2010

precharge circuit, the operation speed of the precharge circuit
cannot be increased. Accordingly, the present inventors have
found a problem that the semiconductor integrated device
fabricated using the technique as disclosed in Patent Docu-
ment 1 has alimitation in achieving a higher speed operation.
[0022] A first exemplary aspect of the present invention is a
semiconductor integrated circuit including a semiconductor
memory circuit and a peripheral circuit of the semiconductor
memory circuit. The peripheral circuit includes a first tran-
sistor having a first voltage as a breakdown voltage of a gate
oxide film. The semiconductor memory circuit includes a pair
of bit lines, one of the pair of bit lines being connected to a
gate transistor of a memory cell, and a precharge circuit that
includes a transistor having a breakdown voltage substan-
tially equal to that of the first transistor, and precharges the
pair of bit lines to a predetermined voltage in response to an
activation signal. The activation signal of the precharge cir-
cuit is a second voltage higher than the first voltage.

[0023] Inthe semiconductor integrated device according to
the first exemplary aspect of the present invention, the tran-
sistor which is used in the peripheral circuit, such as a logic
circuit, and which has a breakdown voltage substantially
equal to that of the first transistor having the breakdown
voltage of the first voltage is used as the precharge circuit. The
second voltage higher than the first voltage is used as the
activation signal of the precharge circuit, to thereby achieve a
high-speed operation of the precharge circuit.

[0024] The semiconductor integrated device according to
an exemplary aspect of the present invention achieves a high-
speed operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The above and other exemplary aspects, advantages
and features will be more apparent from the following
description of certain exemplary embodiments taken in con-
junction with the accompanying drawings, in which:

[0026] FIG. 1 shows a semiconductor integrated device
according to a first exemplary embodiment of the present
invention;

[0027] FIG. 2 shows a semiconductor memory circuit
according to the first exemplary embodiment;

[0028] FIG. 3 is a timing diagram showing operation of the
semiconductor memory circuit according to the first exem-
plary embodiment;

[0029] FIG. 4A is a schematic diagram showing a relation-
ship between gate and drain voltages of a thin-film transistor
constituting a precharge circuit according to the first exem-
plary embodiment;

[0030] FIG. 4B is a schematic diagram showing a relation-
ship between the gate and drain voltages of the thin-film
transistor constituting the precharge circuit according to the
first exemplary embodiment;

[0031] FIG. 5A is a schematic diagram showing a relation-
ship between the gate and drain voltages of the thin-film
transistor constituting the precharge circuit according to the
first exemplary embodiment;

[0032] FIG. 5B is a schematic diagram showing a relation-
ship between the gate and drain voltages of the thin-film
transistor constituting the precharge circuit according to the
first exemplary embodiment;

[0033] FIG. 6 is a table showing differences between a
related art and the semiconductor memory circuit according
to the first exemplary embodiment;
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[0034] FIG. 7 shows a semiconductor memory circuit
according to a second exemplary embodiment of the present
invention;

[0035] FIG. 8 is a timing diagram showing operation of the
semiconductor memory circuit according to the second
exemplary embodiment;

[0036] FIG. 9A is a schematic diagram showing a relation-
ship between gate and drain voltages of a thin-film transistor
constituting a precharge circuit according to the second
exemplary embodiment;

[0037] FIG. 9B is a schematic diagram showing a relation-
ship between the gate and drain voltages of the thin-film
transistor constituting the precharge circuit according to the
second exemplary embodiment;

[0038] FIG. 10A is a schematic diagram showing a rela-
tionship between the gate and drain voltages of the thin-film
transistor constituting the precharge circuit according to the
second exemplary embodiment;

[0039] FIG. 10B is a schematic diagram showing a rela-
tionship between the gate and drain voltages of the thin-film
transistor constituting the precharge circuit according to the
second exemplary embodiment;

[0040] FIG. 11 is a table showing differences between the
related art and the semiconductor memory circuits according
to the first and second exemplary embodiments;

[0041] FIG. 12 shows a semiconductor memory circuit
according to the related art; and

[0042] FIG. 13 is a timing diagram showing operation of
the semiconductor memory circuit according to the related
art.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

First Exemplary Embodiment

[0043] A first exemplary embodiment of the present inven-
tion will be described in detail below with reference to the
accompanying drawings. In the first exemplary embodiment,
the present invention is applied to a semiconductor integrated
device 100 such as a system LSI. FIG. 1 shows a schematic
diagram of a system LSI chip of the semiconductor integrated
device 100. As shown in FIG. 1, the semiconductor integrated
device 100 includes a semiconductor memory circuit 101 and
a logic circuit 105.

[0044] The logic circuit 105 includes, integrated therein, a
control circuit, such as a CPU of the semiconductor integrated
device 100, and a logic gate for performing logic operation,
such as an address decoder of the semiconductor memory
circuit 101. The semiconductor integrated device 100, such as
a system LSI, is required to have a high performance. For this
reason, the logic gate constituting the logic circuit 105 is
required to execute a logic operation at high speed. Therefore,
in the logic circuit 105. the miniaturization in fabrication
process of transistors constituting the logic gate advances so
that the logic gate can operate at as high a speed as possible.
In the process of miniaturization, the gate oxide film of each
transistor is thinned. Also in the semiconductor integrated
device 100, transistors constituting the logic circuit 105 are
most miniaturized and reduced in film thickness.

[0045] Along with the reduction in thickness of the gate
oxide film, the breakdown voltage of the transistors is low-
ered as a matter of course. Accordingly. the operating voltage
of the logic gate must be lowered, so a power supply voltage
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VDD is further lowered. For this reason, the power supply
voltage VDD of the logic circuit 105 is reduced to 1.0 V or
lower, for example.

[0046] In the following description, unless otherwise
stated, it is assumed that the power supply voltage VDD
according to the first exemplary embodiment is equal to a
reduced power supply voltage (e.g., 1.0V or lower) for use in
the logic circuit 105. Further, a transistor including a gate
oxide film having a breakdown voltage of about the reduced
power supply voltage VDD, such as a reduced power supply
voltage used in the logic circuit 105, is referred to as a thin-
film transistor. Meanwhile, a transistor having a breakdown
voltage which is higher than the power supply voltage VDD is
required to have a gate oxide film thicker than that of the
thin-film transistor. Such a transistor is referred to as a thick-
film transistor.

[0047] The semiconductor memory circuit 101 is a built-in
DRAM of the semiconductor integrated device 100. The
semiconductor memory circuit 101 holds data or the like to be
processed in the logic circuit 105. As shown in FIG. 1, the
semiconductor memory circuit 101 includes a cell array area
102, a sense amplifier area 103, and a driver area 104. FIG. 2
shows an exemplary circuit configuration of the semiconduc-
tor memory circuit 101. In the first exemplary embodiment,
the semiconductor memory circuit 101 shown in FIG. 2 is
illustrated as a DRAM circuit including a pair of bit lines in
order to simplify the drawings. The semiconductor memory
circuit 101 may have a configuration including multiple pairs
of bit lines, memory cells connected to the multiple pairs of
bit lines, a sense amplifier, and a precharge circuit. Further,
the semiconductor memory circuit 101 is not limited to a
DRAM, but may be an SRAM, for example.

[0048] The cell array area 102 includes multiple memory
cells CELLs (CELL101, CELL102, .. .).

[0049] Each memory cell is connected to one of a pair of bit
lines D and DB. Each memory cell includes a gate transistor
Tr and a cell capacitor Ccell. One of the drain and source of
the gate transistor Tr is connected to one of the pair of bit lines
D and DB. The other of the drain and source of the gate
transistor Tr is connected to the cell capacitor Ccell. A node
between the gate transistor Tr and the cell capacitor Ccell
serves as a cell node. A terminal of the cell capacitor Ccell on
the opposite side of the cell node is connected to an HVDD
terminal. The HVDD terminal is supplied with a voltage
1AVDD (VDD: power supply voltage). The gate of each gate
transistors Tr is connected to a word line WL (WL101,
WL102, . . . ). For convenience of description, reference
symbols “WL101”, “WL102”, . . . each represent a word line
name as well as a name of a word line signal to be applied to
the word line.

[0050] For example, when a word signal WL101 becomes
high level, the gate transistor of the memory cell CELL101 is
turned on, and the cell node and the bit line D are electrically
connected to each other. When a word signal WL102
becomes high level, the gate transistor of the memory cell
CELL102 is turned on, and the cell node and the bit line DB
are electrically connected to each other. Note that when one of
the word signals WL101, WL102, . . . is selected and becomes
high level, all the other word lines become low level. Accord-
ingly, when a word signal of a selected word signal line
becomes high level, information held in a memory cell con-
nected to the word signal line is read out to the bit line. The
other memory cells are not selected. As described later, each
word signal at high level serves as a voltage VPP which is
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higher than the power supply voltage VDD. This is intended
to increase the activation speed of each gate transistor and to
reduce an ON-resistance. Accordingly, each gate transistor Tr
is required to have a high breakdown voltage, so each gate
transistor Tr is formed of a thick-film transistor.

[0051] Thesense amplifier area 103 includes a sense ampli-
fier SA101 and a precharge circuit PDLU101.

[0052] The sense amplifier SA101 includes PMOS transis-
tors TP111 and TP112 and NMOS transistors TN111 and
TN112. The PMOS transistor TP111 and the NMOS transis-
tor TN111 are connected in series between sense amplifier
control lines SAP and SAN. The PMOS transistor TP112 and
the NMOS transistor TN112 are also connected in series
between the sense amplifier control lines SAP and SAN. A
connection node Al between the PMOS transistor TP111 and
the NMOS transistor TN111 is connected to the bit line D and
the gates of the PMOS transistor TP112 and the NMOS
transistor TN112. A connection node A2 between the PMOS
transistor TP112 and the NMOS transistor TN112 is con-
nected to the bit line DB and the gates of the PMOS transistor
TP111 and the NMOS transistor TN111. For convenience of
description, reference symbols “SAP” and “SAN” each rep-
resent a sense amplifier control line name as well as a name of
a sense amplifier control signal to be applied to the sense
amplifier control line. As described later, a sense amplifier
control signal SAP obtained when a control signal SE is at
high level serves as the power supply voltage VDD, and a
sense amplifier control signal SAN serves as a ground voltage
GND. Accordingly, the gate-drain (or source) voltage of each
of the PMOS transistors TP111 and TP112 and the NMOS
transistors TN111 and TN112 is about the power supply
voltage VDD at a maximum. Thus, these transistors are each
formed of a thin-film transistor having a breakdown voltage
corresponding to about the reduced power supply voltage
VDD.

[0053] The precharge circuit PDLU101 includes NMOS
transistors TN121, TN122, and TN123. The NMOS transistor
TN121 is connected between the pair of bit lines D and DB.
The NMOS transistor TN 122 is connected to the HVDD
terminal and the bit line D. The NMOS transistor TN123 is
connected to the HVDD terminal and the bit line DB. The
gates of the NMOS transistors TN121, TN122, and TN123
are each connected to a precharge control line PDL. For
convenience of description, reference symbol “PDL” repre-
sents a precharge control line name as well as a name of a
precharge control signal to be applied to the precharge control
line.

[0054] The driver area 104 includes driver amplifiers
AMP101, AMP102, .. .. The driver area 104 further includes
driver amplifiers AMP111, AMP112, and AMP120.

[0055] The driver amplifiers AMP101, AMP102, . . . apply
word signals WL101, WL102, . . . to the word lines WL101,
WL102,. .., respectively. A high-potential -side power supply
voltage of each of the driver amplifiers AMP101, AMP102, .
. . is supplied from a VPP power supply 110. Accordingly,
high-potential-side power supply terminals of the driver
amplifiers AMP101, AMP102, . . . are each connected to a
terminal 130. Low-potential-side power supply voltage ter-
minals thereof are each connected to a ground terminal GND.
The voltage VPP supplied from the VPP power supply 110
has a potential higher than the power supply voltage VDD.
For example, assuming that the voltage VPP is about 1.5
times as high as the power supply voltage VDD, when the
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power supply voltage VDD is 1.0V, the voltage VPP is about
1.5V, and when the power supply voltage VDD is 0.8 V, the
voltage VPP is about 1.2 V.

[0056] The driver amplifiers AMP111 and AMP112 apply
the sense amplifier control signals SAP and SAN to the sense
amplifier control lines SAP and SAN, respectively, in
response to the control signal SE. A power supply voltage of
the driver amplifier AMP111 is supplied from a VDD power
supply 120. The VDD power supply 120 supplies the power
supply voltage VDD. Note that the driver amplifier AMP112
supplies the ground voltage GND to the sense amplifier con-
trol line SAN in response to the control signal SE.

[0057] The driver amplifier AMP 120 applies a precharge
control signal PDL to the precharge control line PDL. A
high-potential-side power supply voltage of the driver ampli-
fier AMP103 is supplied from the VPP power supply 110.
Accordingly, the potential of the precharge control signal
PDL at high level becomes equal to the voltage VPP. As with
the driver amplifiers AMP101, AMP102, . . ., a power supply
terminal of the driver amplifier AMP 120 is connected to the
terminal 130, and a low-potential-side power supply voltage
terminal thereof is connected to the ground terminal GND.
Accordingly, the potential of the precharge control signal
PDL at low level becomes equal to the ground potential GND.
For convenience of description, reference symbols “VDD”
and “GND” represent a power supply voltage and a ground
voltage, respectively, and also represent terminal names.

[0058] Referring now to FIG. 3 which is a timing diagram
showing operation of the semiconductor memory circuit 101.
This exemplary embodiment illustrates the case where the
memory cell CELL101 which holds high-level information is
selected, and the information is read out to the bit line D. It is
assumed that, prior to a time t1, the pair of bit lines D and DB
are precharged to the voltage 2VDD.

[0059] Referring to FIG. 3, at the time t1, the word signal
WL101 rises to the voltage VPP from the ground voltage
GND. Accordingly, the gate transistor of the memory cell
CELL101 is turned on, and the cell node and the bit line D are
electrically connected to each other. The cell node holds
high-level data, and electric charges are transferred to the bit
line D. Thus, the potential of the cell node decreases, while
the potential of the bit line D slightly increases.

[0060] Next, at a time t2, the control signal SE becomes
high level. Accordingly, the sense amplifier control signal
SAP becomes equal to the power supply voltage VDD, and
the sense amplifier control signal SAN becomes equal to the
ground voltage GND. Then, the sense amplifier SA101 starts
sensing operation. The sense amplifier SA101 amplifies a
small potential difference between the pair of bit lines D and
DB to the power supply voltage VDD and to the ground
voltage GND. Note that the amplified potential difference
between the pair of bit lines D and DB is read out as high-level
readout data of the semiconductor memory circuit 10 by an
external circuit, and is used for data processing and the like of
the logic circuit 105. Additionally, the potential of the cell
node of the memory cell CELL101 also increases.

[0061] After that, at a time t3, the word signal WL.101 and
the control signal SE fall to the ground voltage GND. Accord-
ingly, the gate transistor of the memory cell CELL101 is
turned off, and the cell node of the memory cell CELL101 and
the bit line D are electrically disconnected from each other.
Further, the sense amplifier SA101 stops the sensing opera-
tion.
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[0062] Then, at a time t4, the precharge control signal PDL
rises to the voltage VPP from the ground voltage GND.
Accordingly, the NMOS transistors TN121, TN122, and
TN123 of the precharge circuit PDLU101 are turned on. As a
result, the pair of bit lines D and DB are equalized and
charged to the voltage 2VDD, and are precharged again to
the voltage “2VDD. The semiconductor memory circuit 101
operates in the manner as described above.

[0063] In this case, the voltage VPP whose potential is
higher than that of the power supply voltage VDD is applied
between the gate and drain (or source) of each of the NMOS
transistors TN121, TN122, and TN123 which are thin-film
transistors having a breakdown voltage as low as the power
supply voltage VDD. Thus, breakdown may occur in the
NMOS transistors TN121, TN122, and TN123. Referring
now to the schematic diagrams of FIGS. 4A, 4B, 5A, and 5B,
a relationship between gate and drain (or source) voltages of
each of the NMOS transistors TN121, TN122, and TN123
will be described, for both cases of the high level and the low
level of the precharge control signal PDL. FIGS. 4A and 4B
each show an exemplary schematic diagram of the NMOS
transistor TN121, and FIGS. 5A and 5B each show an exem-
plary schematic diagram of the NMOS transistor TN122.
[0064] Referring first to FIG. 4A, when the precharge con-
trol signal PDL is at low level, the ground voltage GND is
applied to the precharge control line PDL. Note that the
period in which the precharge control signal PDL is at low
level corresponds to a period between the time t1 and the time
t3 shown in FIG. 3. Thus, the power supply voltage VDD is
applied as a maximum voltage to the bit line D, and the
ground voltage GND is applied as a minimum voltage to the
bit line DB. Accordingly, the gate-drain (or source) voltage of
the NMOS transistor TN121 is about the power supply volt-
age VDD at a maximum.

[0065] Referring next to FIG. 4B, when the precharge con-
trol signal PDL is at high level, the voltage VPP is applied to
the precharge control line PDL. Note that the period in which
the precharge control signal PDL is at high level corresponds
to a period after the time t4 shown in FIG. 3. At this time, the
pair of bit lines D and DB are precharged to the voltage
1AVDD. Thus, the voltage ¥2VDD is applied to the drain (or
source) of the NMOS transistor TN121. Even when the volt-
age VPP is applied to the gate of the NMOS transistor TN121,
only a small potential difference of (VPP-12VDD) is applied
between the gate and drain (or source) thereof.

[0066] As seen from FIGS. 4A and 4B, when the power
supply voltage VDD is 1.0 V and the voltage VPP is 1.5V, for
example, the voltage applied between the gate and drain (or
source) of the NMOS transistor TN121 is about 1.0 V at a
maximum. For this reason, even when a thin-film transistor
having a breakdown voltage corresponding to about the
power supply voltage VDD is used as the precharge circuit
PDLU101, no dielectric breakdown occurs in the transistor.
Additionally, as seen from FIG. 3, there is little overlap
between the period in which the word signal WL.101 is acti-
vated and the period in which the precharge control signal
PDL is activated. Accordingly, there is no overlap between
the period in which the charge peak current of the VPP power
supply 110 occurs and the period in which the discharge peak
current thereof occurs.

[0067] Referring further to FIG. SA, when the precharge
control signal PDL is at low level, the ground voltage GND is
applied to the precharge control line PDL. Thus, the power
supply voltage VDD is applied as a maximum voltage to the
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bit line D, and the voltage ¥2VDD is applied to the HVDD
terminal. Accordingly, a voltage of about the power supply
voltage VDD is applied between the gate and drain (or source)
of the NMOS transistor TN122 at a maximum.

[0068] Referring to FIG. 5B, when the precharge control
signal PDL is at high level, the voltage VPP is applied to the
precharge control line PDL. At this time, the bit line D is
precharged to the voltage ¥2VDD. Thus, the voltage 12VDD
is applied to the drain (or source) of the NMOS transistor
TN122. Even when the voltage VPP is applied to the gate of
the NMOS transistor TN122, only a small potential differ-
ence of (VPP-12VDD) is applied between the gate and drain
(or source) thereof.

[0069] As seen from FIGS. 5A and 5B, when the power
supply voltage VDD is 1.0V and the voltage VPP is 1.5V, for
example, the voltage applied between the gate and drain (or
source) of the NMOS transistor TN122 is 1.0 V at a maxi-
mum. As with the NMOS transistor TN121, a thin-film tran-
sistor having a breakdown voltage corresponding to the
power supply voltage VDD can be used as the NMOS tran-
sistor TN122. This is also applied to the NMOS transistor
TN123.

[0070] Inview ofthe foregoing, FIG. 6 shows a table illus-
trating relationships among the semiconductor memory cir-
cuit 1 according to the related art, the technique disclosed in
Patent Document 1, and the semiconductor memory circuit
101 according to the first exemplary embodiment. First, in the
semiconductor memory circuit 1 of the related art, the power
supply voltage VDD is a high voltage (voltage higher than 1.0
V). The voltages VPP and VPDL are supplied from the VPP
power supply 10 and the VPDL power supply 30 after the
power supply voltage VDD is boosted. For this reason, thick-
film transistors having a high breakdown voltage are used for
all of the gate transistors of the memory cells, the transistors
of the sense amplifier, and the transistor of the precharge
circuit. If the transistor of the precharge circuit is the thick-
film transistor, high-speed operation of the precharge circuit
can be achieved by the boosted voltage VPDL. However, the
use of the thick-film transistor does not contribute to a reduc-
tion in layout area. Accordingly, it is difficult to reduce the
circuit size and achieve high-speed circuit operation.

[0071] If the miniaturization in fabrication process
advances and the transistors of the sense amplifier SA101,
which is required to have a breakdown voltage as low as about
the reduced power supply voltage VDD, can be reduced in
film thickness, it is difficult to further reduce the thickness of
the gate oxide film of each transistor of the precharge circuit.
This may cause a problem that the pitch of the precharge
circuit PDLU101 cannot fall within the pitch of the sense
amplifier SA101 in the near future.

[0072] Along with the miniaturization in fabrication pro-
cess advances and the further reduction in the power supply
voltage VDD (e.g., about 1.0 V), a thin-film transistor having
a low breakdown voltage is to be used as a transistor consti-
tuting a semiconductor integrated device. In this regard,
according to the technique disclosed in Patent Document 1, a
thick-film transistor having a high breakdown voltage is used
as the gate transistor of each memory cell, while a thin-film
transistor having a low breakdown voltage, which is used for
a logic circuit, is used as each of the transistors of the sense
amplifier and the transistors of the precharge circuit. This
solves the problem that the pitch of the sense amplifier cannot
fall within the pitch of the precharge circuit as in the case of
the semiconductor memory circuit 1. In the technique dis-
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closed in Patent Document 1, however, it is impossible to
apply a high voltage to the transistors of the precharge circuit,
which limits the high-speed operation of the precharge cir-
cuit.

[0073] Inview ofthis, in the semiconductor memory circuit
101 according to the first exemplary embodiment, the thin-
film transistor having a breakdown voltage corresponding to
about the reduced power supply voltage VDD is used as the
transistor constituting the precharge circuit, and the voltage
VPP for generating each word signal whose potential is
higher than that of the power supply voltage VDD is also used
as the precharge control signal PDL. The voltage VPP has
been reduced by reducing the power supply voltage VDD.
When the voltages VDD and VPP are equal to or lower than a
certain level (for example, VDD is 1.0 V or lower and VPP is
1.5V or lower), the thin-film transistor having a breakdown
voltage corresponding to about the power supply voltage
VDD can be used without causing any breakdown, as
described above with reference to FIGS. 4A, 4B, 5A, and 5B.
Therefore, the voltage VPP whose potential is higher than that
of the power supply voltage VDD can be used as the pre-
charge control signal PDL without causing any breakdown in
the gate oxide film, and the operation speed of the precharge
circuit can be increased.

[0074] Further, as shown in FIG. 2, the VPP power supply
110 supplies the voltage VPP from the terminal 130 to each of
the driver amplifiers AMP101, AMP102, . . ., and the driver
amplifier AMP 120. This eliminates the need to provide the
VPDL power supply 30 and only the VPP power supply 110
is needed, unlike the semiconductor memory circuit 1. There-
fore, in the semiconductor memory circuit 101, one power
supply can be omitted, compared to the semiconductor
memory circuit 1, which contributes to a reduction in circuit
size.

[0075] Furthermore, in the semiconductor memory circuit
1, the VPP power supply 10 and the VPDL power supply 30
are separately provided. This makes it necessary to isolate
power supply wiring networks from each other and to add a
chip wiring layer. It is also necessary to provide a decoupling
capacitor or the like for preventing a crosstalk between the
wiring networks. Meanwhile, in the semiconductor memory
circuit 101 according to the first exemplary embodiment, only
the VPP power supply 110 is needed, and there is no need to
provide double wiring layers and a decoupling capacitor,
which contributes to a reduction in circuit size.

[0076] Moreover, as described above, there is no overlap
between the period in which the charge peak current of the
VPP power supply 110 occurs and the period in which the
discharge peak current thereof occurs. Accordingly, there is
no need to enhance the power supply voltage of the VPP
power supply 110, and there is no factor of increasing the
circuit size. This facilitates circuit design and achieves short-
ening of the time required for circuit design, a reduction in
design errors, and a reduction in design cost, for example.

Second Exemplary Embodiment

[0077] A second exemplary embodiment of the present
invention will be described in detail with reference to the
drawings. In the second exemplary embodiment, the present
invention is applied to a semiconductor integrated device
suchas a system LSI, as with the first exemplary embodiment.
A semiconductor integrated device 200 according to the sec-
ond exemplary embodiment differs from the semiconductor
integrated device of the first exemplary embodiment in the
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configuration of a semiconductor memory circuit portion.
Assuming that a semiconductor memory circuit according to
the second exemplary embodiment is a semiconductor
memory circuit 201, the semiconductor integrated device 200
of the second exemplary embodiment has a configuration in
which the semiconductor memory circuit 101 of the semicon-
ductor integrated device 100 shown in FIG. 1 is replaced with
the semiconductor memory circuit 201.

[0078] The semiconductor integrated device 200 includes
the semiconductor memory circuit 201 and the logic circuit
105. The semiconductor memory circuit 201 is a built-in
DRAM of a system LSI, as with the first exemplary embodi-
ment. The second exemplary embodiment assumes the case
where transistors constituting the logic circuit 105 serving as
aperipheral circuit of the semiconductor memory circuit 201
are further reduced in film thickness and the power supply
voltage is also further reduced (e.g., VDD is 0.8 V or lower) as
compared with the first exemplary embodiment.

[0079] FIG. 7 shows the configuration of the semiconduc-
tor memory circuit 201 according to the second exemplary
embodiment. As shown in FIG. 7, the semiconductor memory
circuit 201 includes a cell array area 202, the sense amplifier
area 103, and a driver area 204. Note that reference symbols
of FIG. 7 identical to those of FIG. 2 denote identical or
similar elements. The second exemplary embodiment differs
from the first exemplary embodiment in the configurations of
the cell array area 202 and the driver area 204. In the second
exemplary embodiment, the differences from the first exem-
plary embodiment will be mainly described, and the descrip-
tion of the other constituent elements similar to those of the
first exemplary embodiment will be omitted.

[0080] The cell array area 202 includes multiple memory
cells CELLs (CELL201, CELL202, . . . ). As with the first
exemplary embodiment, each memory cell is connected to the
pair ofbitlines D and DB. Each memory cell includes the gate
transistor Tr and the cell capacitor Ccell. Unlike the first
exemplary embodiment, the gate transistor Tr of each
memory cell of the second exemplary embodiment is formed
of a thin-film transistor similar to that of the logic circuit 105.
This makes it possible to reduce the circuit size of the cell
array area 202. The other constituent elements are similar to
those of the first exemplary embodiment.

[0081] The driver area 204 includes driver amplifiers
AMP201, AMP202, . . .. The driver area 204 further includes
the driver amplifiers AMP111, AMP112, and AMP120. The
driver amplifiers AMP201, AMP202, . . . generate word sig-
nals WL201, WL202, . . . , respectively. In response to the
word signals WL.201, WL202, . . ., the gate transistors Tr of
the memory cells CELL201, CELL202, . . . are activated.
Unlike the first exemplary embodiment, the memory cells of
the second exemplary embodiment use a voltage VPPL,
which is supplied from the VPP power supply 110, as the
high-potential-side power supply voltage of each of the driver
amplifiers AMP201, AMP202, . . ., and use a voltage VKK,
which is supplied from a VKK power supply 240, as the
low-potential-side power supply voltage of each of the driver
amplifiers AMP201, AMP202, . ... Accordingly, the potential
of a selected word signal (high level) becomes equal to the
voltage VPPL and the potential of a non-selected word signal
(low level) becomes equal to the voltage VKK.

[0082] As described above, the power supply voltage VDD
is further reduced as compared with the first exemplary
embodiment, so that the voltage VPP is also reduced. Further,
the gate transistors Tr of the memory cells are each formed of
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a thin-film transistor, and the gate oxide film is further
reduced in thickness as compared with the first exemplary
embodiment. For this reason, the VPP power supply 110
supplies the voltage VPPL, which is lower than the voltage
VPP of the first exemplary embodiment, in order to prevent a
dielectric breakdown from occurring in the gate transistors Tr.
When the power supply voltage VDD is 0.8 V, for example,
the voltage VPPL may be about 1.2 V whichis about 1.5 times
as high as the power supply voltage VDD. In this case, a
voltage higher than the power supply voltage VDD is applied
to the gate transistors Tr formed of the thin-film transistors.
Meanwhile, in the semiconductor memory circuit 201, the
high-speed operation is achieved owing to the miniaturiza-
tion, and the period of time for applying a high-level word
signal to the gate transistor Tr of the selected memory cell is
short. Further, it is extremely unlikely that the same memory
cellis always selected from among the multiple memory cells
CELL101, CELL102, . ... Furthermore, the voltage VPPL is
reduced to about 1.2 V. In view of this, the probability of
occurrence of a dielectric breakdown is very low, even if the
voltage VPPL higher than the power supply voltage VDD is
applied to the gate transistor Tr of the thin-film transistor, and
the use of the thinned gate transistor Tr as in the second
exemplary embodiment poses no problem.

[0083] Meanwhile, the voltage VKK supplied from the
VKK power supply 140 is a negative voltage lower than the
ground voltage GND. Examples of the voltage VKK supplied
from the VKK power supply 140 include a voltage of 0.3V
or lower. The voltage VKK is supplied to the low-potential-
side power supply terminal of each of the driver amplifiers
AMP201, AMP202, . . . through a terminal 230. Accordingly,
the potential of the non-selected word line can be made nega-
tive. This makes it possible to further reduce the voltage
VPPL supplied to the VPP power supply 110. For example,
the voltage VPPL supplied from the VPP power supply 110
can bereduced to about 1.0V. Therefore, the further reduction
in film thickness of the gate transistor Tr of each memory cell
in the cell array area 202 can be achieved. Moreover, the
possibility of occurrence of a dielectric breakdown in the gate
transistors Tr can be further reduced. Note that a back gate
voltage of the gate transistor Tr may be made negative at the
same time.

[0084] FIG. 8 shows a timing diagram showing operation
of the semiconductor memory circuit 201. This exemplary
embodiment illustrates the case where the memory cell
CELL201 that holds high-level information is selected and
the information is read out to the bit line D. It is assumed that
prior to the time t1, the pair of bit lines D and DB are pre-
charged to the voltage ¥2VDD. It is also assumed that the
power supply voltage VDD is 0.8 V, the voltage VPPL is 1.0
V, and the voltage VKK is -0.3 V.

[0085] Referring to FIG. 8, at the time t1, the word signal
WL201 rises to the voltage VPP from the voltage VKK.
Accordingly, the gate transistor of the memory cell CELL201
is turned on, and the cell node and the bit line D are electri-
cally connected to each other. The cell node holds high-level
data, and electric charges are transferred to the bit line D.
Thus, the potential of the cell node decreases, while the poten-
tial of the bit line D slightly increases.

[0086] Next, at the time t2, the control signal SE becomes
high level. Accordingly, the sense amplifier control signal
SAP becomes equal to the power supply voltage VDD, and
the sense amplifier control signal SAN becomes equal to the
ground voltage GND. Then, the sense amplifier SA101 starts
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sensing operation. The sense amplifier SA101 amplifies the
small potential difference between the pair of bit lines D and
DB to the power supply voltage VDD and to the ground
voltage GND. Note that the amplifier potential difference
between the pair of bit lines D and DB is read out as high-level
readout data of the semiconductor memory circuit 201 by an
external circuit, and is used for data processing and the like of
the logic circuit 105. Additionally, the potential of the cell
node of the memory cell CELL201 also increases.

[0087] After that, at the time t3, the word signal WL201
falls to the voltage VKK, and the control signal SE falls to the
ground voltage GND. Accordingly, the gate transistor of the
memory cell CELL201 is turned off, and the cell node of the
memory cell CELL201 and the bit line D are electrically
disconnected from each other. Further, the sense amplifier
SA101 stops the sensing operation.

[0088] Then, at the time t4, the precharge control signal
PDL rises to the voltage VPP from the ground voltage GND.
Accordingly, the NMOS transistors TN121, TN122, and
TN123 of the precharge circuit PDLU101 are turned on.
Accordingly, the pair of bit lines D and DB are smoothed and
charged to the voltage ¥2VDD, and are precharged again to
the voltage 2VDD. The semiconductor memory circuit 201
operates in the manner as described above.

[0089] FIGS. 9A and 10A are schematic diagrams each
illustrating a relationship between gate and drain (or source)
voltages of each of the NMOS transistors TN121, TN122, and
TN123 when the precharge control signal PDL is at low level.
FIGS. 9B and 10B are schematic diagrams each illustrating a
relationship between gate and drain (or source) voltages of
each of the NMOS transistors TN121, TN122, and TN123
when the precharge control signal PDL is at high level. As
seen from these schematic diagrams, the gate-drain (or
source) voltage of each of the NMOS transistors TN121,
TN122, and TN123 is equal to or lower than the power supply
voltage VDD at a maximum, as with the first exemplary
embodiment. As seen from FIGS. 9B and 10B, the precharge
voltage of the pair of bit lines is ¥2VDD (0.4 V) in this
exemplary embodiment. Accordingly, the gate-drain (or
source) voltage obtained when the precharge control signal
PDL is at high level is 0.6 V. Thus, even when the precharge
voltage is reduced to 0.2 'V, the gate-drain (or source) voltage
can be set to be equal to or lower than the power supply
voltage VDD. Therefore, the precharge voltage of the pair of
bit lines D and DB can also be set to be equal to or lower than
1AVDD.

[0090] FIG. 11 shows a table illustrating relationships
among the semiconductor memory circuit 1 according to the
related art, the technique disclosed in Patent Document 1, the
semiconductor memory circuit 101 according to the first
exemplary embodiment, and the semiconductor memory cir-
cuit 201. In this table, the relationship with the semiconductor
memory circuit 201 is added to the table shown in FIG. 6.
Referring to FIG. 11, in the semiconductor memory circuit
201, thin-film transistors having a low breakdown voltage are
used for all of the gate transistors of the memory cells, the
transistors of the sense amplifier, and the transistors of the
precharge circuit. The maximum voltage applied to the gates
of the gate transistors Tr and the transistors of the precharge
circuit is VPPL (<VPP).

[0091] As described above, in the semiconductor memory
circuit 201 of the second exemplary embodiment, the gate
transistors Tr of the memory cells, the transistors of the sense
amplifier SA101, and the transistors of the precharge circuit
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PDLU101 are each formed of a thin-film transistor similar to
that used for the logic circuit 105 which is miniaturized and
has a reduced power supply voltage. This eliminates the need
to form thick gate oxide films and thin gate oxide films of
transistors separately in the fabrication process of an L.SI
chip, which simplifies the fabrication process. The simplifi-
cation of the fabrication process leads to a reduction in manu-
facturing cost and time. Moreover, in the semiconductor
memory circuit 201 according to the second exemplary
embodiment, the word signals are made negative, for
example, to reduce the voltage VPP. Also in this configura-
tion, a thin-film transistor having a breakdown voltage corre-
sponding to about the power supply voltage VDD can be used
in the precharge circuit, and the voltage VPP used for the
word signals can be used as the precharge control signal PDL,
as with the first exemplary embodiment. In the second exem-
plary embodiment, the circuit size in the cell array area 202
can be reduced. Further, the supply voltage of the VPP power
supply 110 can be further reduced and the gate oxide film of
each transistor of the precharge circuit can be further reduced
in thickness, thereby reducing the size of each transistor.
Furthermore, the reduction in the power supply voltage leads
to a reduction in power consumption. The other effects are
similar to those of the first exemplary embodiment.

[0092] Note that the present invention is not limited to the
above exemplary embodiments and can be modified in vari-
ous manners without departing from the scope of the present
invention. For example, a sense amplifier that is driven by a
normal power supply voltage is used as the sense amplifier of
the above exemplary embodiments, but the circuit configura-
tion of the sense amplifier is not limited thereto. A variety of
sense amplifiers can be applied. For example, a stepped-down
power supply may be used as the power supply of the sense
amplifier. Alternatively, an overdrive type sense amplifier
may be employed in which a voltage higher than the stepped-
down power supply (e.g., power supply voltage before being
stepped down) is used only at the start of operation. Alterna-
tively, another configuration may be employed in which a
non-step-down power supply is used and a voltage slightly
higher than the power supply voltage is used for only a very
short period of time during an overdriving condition at the
start of operation.

[0093] While the invention has been described in terms of
several exemplary embodiments, those skilled in the art will
recognize that the invention can be practiced with various
modifications within the spirit and scope of the appended
claims and the invention is not limited to the examples
described above.

[0094] Further, the scope of the claims is not limited by the
exemplary embodiments described above.

[0095] Furthermore, it is noted that, Applicant’s intent is to
encompass equivalents of all claim elements, even if
amended later during prosecution.

[0096] Thefirstand second exemplary embodiments can be
combined as desirable by one of ordinary skill in the art.

What is claimed is:

1. A semiconductor integrated device comprising:

a semiconductor memory circuit; and

a peripheral circuit of the semiconductor memory circuit,
wherein

the peripheral circuit includes a first transistor having a first
voltage as a breakdown voltage of a gate oxide film, and
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the semiconductor memory circuit includes:

a pair of bit lines, one of the pair of bit lines being
connected to a gate transistor of a memory cell; and

a precharge circuit that includes a transistor having a
breakdown voltage substantially equal to that of the
first transistor, and precharges the pair of bit lines to a
predetermined voltage in response to an activation
signal, and

the activation signal of the precharge circuit is a second
voltage higher than the first voltage.

2. The semiconductor integrated device according to claim

1, wherein the second voltage is used as a word signal that
activates the gate transistor of the memory cell.

3. The semiconductor integrated device according to claim
2, further comprising:

a first driver amplifier that drives the word line; and

a second driver amplifier that drives the activation signal of
the precharge circuit,

wherein power supply terminals of the first and second
driver amplifiers are each connected to a voltage supply
terminal that supplies the second voltage.

4. The semiconductor integrated device according to claim

1, wherein the pair of bit lines have a precharge voltage
substantially equal to one-half of the first voltage.

5. The semiconductor integrated device according to claim
1, wherein the first voltage is 1.0 V or lower.

6. The semiconductor integrated device according to claim
1, wherein the second voltage is 1.5V or lower.

7. The semiconductor integrated device according to claim
1, wherein

the semiconductor integrated device is configured as one
chip, and

the peripheral circuit is a logic circuit that includes an
address decoder of the semiconductor memory circuit.

8. The semiconductor integrated device according to claim
1, wherein the gate transistor includes a transistor having a
breakdown voltage substantially equal to that of the first
transistor.

9. The semiconductor integrated device according to claim
1, further comprising a sense amplifier that amplifies a poten-
tial difference between the pair of bit lines to the first voltage,

wherein the sense amplifier includes a transistor having a
breakdown voltage substantially equal to that of the first
transistor.

10. The semiconductor integrated device according to
claim 2, wherein an activation timing of the word signal is
different from an activation timing of the activation signal of
the precharge circuit.

11. A semiconductor circuit comprising:

a sense amplifier that includes a first transistor, the first
transistor being driven by a power supply voltage and
having a first oxide film thickness;

amemory cell that includes a second transistor, the second
transistor being driven by a first voltage higher than the
power supply voltage and having a second oxide film
thickness greater than the first oxide film thickness;

a pair of bit lines, one of the pair of bit lines being con-
nected to the memory cell; and

a precharge circuit that sets the pair of bit lines to a prede-
termined voltage higher than a ground voltage before
and after an access to the memory cell,

wherein the precharge circuit includes a transistor driven
by the first voltage, and the precharge circuit comprises
the first transistor having the first oxide film thickness.
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