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DECODER CIRCUIT

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a decoder circuit,
and more particularly to a decoder circuit for driving word
lines of a semiconductor memory device.

[0003] 2. Description of the Related Art

[0004] Conventionally, a semiconductor memory device is
provided with a decoder circuit (row decoder) for driving
word lines. As disclosed in Japanese [aid-Open Patent Pub-
lication No. 8-236718, a decoder circuit (row decoder)
includes a first decoder (decoder circuit) and a second
decoder (word line driver). The first decoder operates accord-
ing to a first address signal, and the second decoder operates
according to an output of the first decoder and a second
address signal. The second decoder has a PMOS transistor
and an NMOS transistor connected in series between a node
for receiving the output of the first decoder and a ground node
for receiving a ground voltage. The gates of the PMOS tran-
sistor and the NMOS transistor receive the second address
signal different from the first address signal input into the first
decoder. The voltage generated at a connection node between
these transistors is outputted as a word line drive voltage.
[0005] Conventionally, to drive the decoder circuit, not
only the output of the second decoder but also the output of
the first decoder oscillate between the power supply potential
Vdd and the ground potential VSS. In this relation, to increase
the drive speed of the decoder circuit and reduce the charge
amount consumed by the decoder circuit, the peak to peak
amplitude of the output of the first decoder should desirably
be smaller than the peak to peak amplitude from the power
supply potential Vdd to the ground potential VSS.

SUMMARY OF THE INVENTION

[0006] An object of the present invention is providing a
decoder circuit capable of increasing the processing speed
and reducing the charge consumption amount.

[0007] According to one aspect of the present invention, the
decoder circuit includes a power supply control circuit and
first to fourth transistor. The power supply control circuit
supplies a first voltage. The first and second transistors are
connected in series between the power supply control circuit
and a first reference node. The third and fourth transistors are
connected between a connection node between the first and
second transistors and a second reference node. The first
transistor is connected between the power supply control
circuit and the second transistor and receives a first signal at
its gate. The second transistor is connected between the first
transistor and the first reference node and receives a second
signal corresponding to the first signal at its gate. The third
transistor is connected between the second reference node
and the fourth transistor and receives a third signal at its gate.
The fourth transistor is connected between the third transistor
and the connection node and receives a fourth signal corre-
sponding to the third signal at its gate. The potential differ-
ence between the first voltage and the first reference node is
smaller than the potential difference between the first refer-
ence node and the second reference node.

[0008] In the decoder circuit described above, the ampli-
tude of the potential of the connection node (first connection
node) between the first and second transistors can be reduced.
Hence, the charge amount stored in or released from the first
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connection node can be reduced. Also, the time required to
charge/discharge the first connection node can be shortened.
In this way, high-speed operation and low power consump-
tion can be attained.

[0009] According to another aspect of the present inven-
tion, the decoder circuit includes first to fourth transistors.
The first and second transistors are connected in series
between a first reference node and a second reference node.
The third and fourth transistors are connected in series
between a connection node between the first and second
transistors and the second reference node. The first transistor
is connected between the second reference node and the sec-
ond transistor and receives a first signal at its gate. The second
transistor is connected between the first transistor and the first
reference node and receives a second signal corresponding to
the first signal at its gate. The third transistor is connected
between the second reference node and the fourth transistor
and receives a third signal at its gate. The fourth transistor is
connected between the third transistor and the connection
node and receives a fourth signal corresponding to the third
signal at its gate. The first, second and fourth transistors are of
the same conductivity type.

[0010] In the decoder circuit described above, by allowing
the first and second transistors to have the same conductivity
type as the fourth transistor, the amplitude of the potential of
the connection node between the first and second transistors
can be reduced. Hence, the charge amount stored in or
released from the connection node can be reduced. Also, the
time required to charge/discharge the connection node can be
shortened. In this way, high-speed operation and low power
consumption can be attained.

[0011] According to yet another aspect of the present
invention, the decoder circuit includes first to fourth transis-
tors. The first and second transistors are connected in series
between a first reference node and a second reference node.
The third and fourth transistors are connected between a
connection node between the first and second transistors and
the second reference node. The first transistor is connected
between the second reference node and the second transistor
and receives a first signal at its gate. The second transistor is
connected between the first transistor and the first reference
node and receives a second signal corresponding to the first
signal atits gate. The third transistor is connected between the
second reference node and the fourth transistor and receives a
third signal at its gate. The fourth transistor is connected
between the third transistor and the connection node and
receives a fourth signal corresponding to the third signal at its
gate. After being turned ON, the first transistor is turned OFF
before the potential of the connection node reaches the poten-
tial of the second reference node.

[0012] In the decoder circuit described above, by turning
OFF the first transistor before the potential of the connection
node between the first and second transistors reaches the
potential of the second reference node, the charge amount
stored in or released from the connection node can be
reduced. Also, the time required to charge/discharge the con-
nection node can be shortened. In this way, high-speed opera-
tion and low power consumption can be attained.

[0013] According to yet another aspect of the present
invention, the decoder circuit includes first, second and third
transistors connected in series between a first reference node
and a second reference node. The first transistor is connected
between the first reference node and the second transistor and
receives a first signal at its gate. The second transistor is
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connected between the first transistor and the third transistor
and receives a second signal at its gate. The third transistor is
connected between the second transistor and the second ref-
erence node and receives a third signal at its gate. The first
transistor is of the same conductivity type as the second
transistor.

[0014] In the decoder circuit described above, charge is
shared between the connection node (first connection node)
between the first and second transistors and the connection
node (second connection node) between the second and third
transistors. By this sharing, the potentials of the connection
nodes can be adjusted. Also, the amplitude of the potential of
the first connection node can be reduced. Hence, the charge
amount stored in or released from the connection node can be
reduced. Also, the time required to charge/discharge the first
connection node can be shortened. In this way, high-speed
operation and low power consumption can be attained.

[0015] According to yet another aspect of the present
invention, the decoder circuit has first to third modes. The
third mode is executed during a shift from the first mode to the
second mode or a shift from the second mode to the first
mode. The decoder circuit includes first to fourth transistors,
a switch circuit, a storage node and an equalizer circuit. The
first transistor is connected between a first reference node
receiving a first potential and a connection node, and receives
a first signal at its gate. The second transistor is connected
between a second reference node receiving a second potential
and the connection node, and receives a second signal corre-
sponding to the first signal at its gate. The third and fourth
transistors are connected in series between the connection
node and the second reference node. The switch circuit con-
nects the first and second transistors with the connection node
if the potential of the connection node is somewhere between
the second potential and a predetermined potential, and dis-
connects the first and second transistors from the connection
node if the potential of the connection node is somewhere
between the first potential and the predetermined potential.
The storage node stores therein charge corresponding to the
first or second potential. The equalizer circuit connects or
disconnects the connection node with or from the storage
node. The predetermined potential is a potential somewhere
between the first potential and the second potential. The third
transistor is connected between the second reference node
and the fourth transistor and receives a third signal at its gate.
The fourth transistor is connected between the third transistor
and the connection node and receives a fourth signal corre-
sponding to the third signal at its gate. In the first mode, the
equalizer circuit is in the disconnecting state, the first transis-
tor is ON while the second transistor is OFF, and charge
corresponding to the first potential is stored in the storage
node. In the second mode, the equalizer circuit is in the
disconnecting state, the first transistor is OFF while the sec-
ond transistor is ON, and charge corresponding to the second
potential is stored in the storage node. In the third mode, the
equalizer circuit is in the connecting state.

[0016] In the decoder circuit described above, in the first
mode, charge corresponding to the second potential is stored
in the connection node. In the second mode, charge corre-
sponding to the first potential is stored in the connection node.
In the third mode, in which the connection node and the
storage node are connected, the potential of the connection
node can be made to be a value between the first potential and
the second potential. Thus, the amplitude of the potential of
the connection node can be reduced. Hence, the charge
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amount stored in or released from the connection node can be
reduced. Also, the time required to charge/discharge the first
connection node can be shortened. In this way, high-speed
operation and low power consumption can be attained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 11is a circuit diagram showing a configuration
of'adecoder circuit of Embodiment 1 of the present invention.
[0018] FIG. 2 is a timing chart for illustrating the operation
of the decoder circuit of FIG. 1.

[0019] FIG. 3 is a circuit diagram showing a configuration
of'adecoder circuit of Embodiment 2 of the present invention.
[0020] FIG. 4 is a timing chart for illustrating the operation
of the decoder circuit of FIG. 3.

[0021] FIG. 5is a circuit diagram showing a configuration
of an alteration to the decoder circuit of FIG. 3.

[0022] FIG. 6 is a circuit diagram showing a configuration
of another alteration to the decoder circuit of FIG. 3.

[0023] FIG. 7 is a timing chart for illustrating the operation
of the decoder circuit of FIG. 6.

[0024] FIG. 8 is a circuit diagram showing a configuration
of yet another alteration to the decoder circuit of FIG. 3.
[0025] FIG. 9 is a timing chart for illustrating the operation
of the decoder circuit of FIG. 8.

[0026] FIG.101is a circuit diagram showing a configuration
of'adecoder circuit of Embodiment 3 of the present invention.
[0027] FIG. 11 is a timing chart for illustrating the opera-
tion of the decoder circuit of FIG. 10.

[0028] FIG.12isa circuit diagram showing a configuration
of'adecoder circuit of Embodiment 4 of the present invention.
[0029] FIG. 13 is a timing chart for illustrating the opera-
tion of the decoder circuit of FIG. 12.

[0030] FIG. 14 isa circuit diagram showing a configuration
of'adecoder circuit of Embodiment 5 of the present invention.
[0031] FIG. 15 is a timing chart for illustrating the opera-
tion of the decoder circuit of FIG. 14.

[0032] FIG.161is a circuit diagram showing a configuration
of'adecoder circuit of Embodiment 6 of the present invention.
[0033] FIG. 17 is a circuit diagram showing an internal
configuration of a predecoder shown in FIG. 16.

[0034] FIG. 18 is a timing chart for illustrating the opera-
tion of the decoder circuit of FIG. 16.

[0035] FIG.19is a circuit diagram showing a configuration
of'adecoder circuit of Embodiment 7 of the present invention.
[0036] FIG. 20 is a timing chart for illustrating the opera-
tion of the decoder circuit of FIG. 19.

[0037] FIG. 21 is a circuit diagram showing a configuration
of'adecoder circuit of Embodiment 8 of the present invention.
[0038] FIG. 22 is a timing chart for illustrating the opera-
tion of the decoder circuit of FIG. 21.

[0039] FIG. 23 is a circuit diagram showing a configuration
of an alteration to the decoder circuit of FIG. 21.

[0040] FIG. 24 is a circuit diagram showing a configuration
of another alteration to the decoder circuit of FIG. 21.
[0041] FIG. 25 is a timing chart for illustrating the opera-
tion of the decoder circuit of FIG. 24.

[0042] FIG. 26 is a circuit diagram showing a configuration
of'yet another alteration to the decoder circuit of FIG. 21.
[0043] FIG. 27 is a timing chart for illustrating the opera-
tion of the decoder circuit of FIG. 26.

[0044] FIG. 28 is a circuit diagram showing a configuration
of'adecoder circuit of Embodiment 9 of the present invention.
[0045] FIG. 29 is a timing chart for illustrating the opera-
tion of the decoder circuit of FIG. 28.
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[0046] FIG.301is a circuit diagram showing a configuration
of'a decoder circuit of Embodiment 10 of the present inven-
tion.

[0047] FIG. 31 is a timing chart for illustrating the opera-
tion of the decoder circuit of FIG. 30.

[0048] FIG.32isa circuit diagram showing a configuration
of'a decoder circuit of Embodiment 11 of the present inven-
tion.

[0049] FIG. 33 is a timing chart for illustrating the opera-
tion of the decoder circuit of FIG. 32.

[0050] FIG. 34 is a circuit diagram of a decoder circuit of
Embodiment 12 of the present invention.

[0051] FIG. 35 is a timing chart for illustrating the opera-
tion of the decoder circuit of FIG. 34.

[0052] FIG.361is a circuit diagram showing a configuration
of'a decoder circuit of Embodiment 13 of the present inven-
tion.

[0053] FIG. 37 is a timing chart for illustrating the opera-
tion of the decoder circuit of FIG. 36.

[0054] FIG. 38 is a circuit diagram of a decoder circuit of
Embodiment 14 of the present invention.

[0055] FIG. 39 is a circuit diagram showing configurations
of'areplicarow decoder, a replica predecoder and a sense amp
timing control circuit shown in FIG. 38.

[0056] FIG. 40 is a circuit diagram showing an alteration to
the decoder circuit of FIG. 38.

[0057] FIG. 41 is a top view of a transistor in the embodi-
ments of the present invention.

[0058] FIG. 42 is a cross-sectional view of the transistor in
the embodiments of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0059] Hereinafter, preferred embodiments of the present
invention will be described with reference to the accompany-
ing drawings. Note that like components are denoted by the
same reference numerals throughout the drawings, and the
description thereof is not repeated.

Embodiment 1

[0060] <Configuration>

[0061] FIG. 1 shows a configuration of a decoder circuit of
Embodiment 1 of the present invention. The decoder circuit
includes a power supply control circuit 11A, a predecoder
12A and a row decoder 13. The decoder circuit outputs drive
signals WL_0, WL_1, WL,_2 and WL _3 according to external
address signals ADU_0, ADU_1, ADU_2 and ADU_3 and an
external address signal AD. For example, the address signals
ADU_0 to ADU_3 represent a higher-bit address, and the
address signal AD represents a lower-bit address. The drive
signals WL_0 to WL_3 are used as signals for driving word
lines of a memory array, for example.

[0062] The power supply control circuit 11A outputs a
control voltage of which value “Vdd1” is lower than the
potential “Vdd” of a power supply node.

[0063] Thepredecoder 12, whichis connectedto aline,_0
and operates according to the external address signal AD,
includes an inverter 101, a transistor T102A and a transistor
T103A. The inverter 101 inverts the address signal AD and
outputs the inverted signal. The transistors T102A and T103A
are connected in series between the power supply control
circuit 11A and a ground node: the transistor T102A is con-
nected between the power supply control circuit 11A and the
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transistor T103A and receives the address signal AD at its
gate, and the transistor T103 A is connected between the tran-
sistor T102A and the ground node and receives the output of
the inverter 101 at its gate. A connection node N12A between
the transistors T102A and T103 A is connected to the line L_0.

[0064] The row decoder 13 includes decode sections 13_0,
13_1, 13_2 and 13_3 of the number corresponding to the
number of lines (four in the illustrated example). The decode
sections 13_0to 13_3 are respectively connected to lines [._0
to [._3, and output drive signals WL_0 to WL_3 according to
the external address signals ADU_0 to ADU_3. Since the
decode sections 13_0 to 13_3 have substantially the same
internal configuration, the decode section 13_0 will be
described herein representatively.

[0065] The decode section 13_0 includes transistors T131,
T132 and T133 and an inverter 134. The transistors T131 and
T132 are connected in series between a power supply node
and the line [._0 that corresponds to the decode section 13_0:
the transistor T131 is connected between the power supply
node and the transistor T132 and receives the external address
signal ADU_0 at its gate, and the transistor T132 is connected
between the transistor 131 and the line L._0 and receives the
external address signal ADU_0 at its gate. The transistor T133
and the inverter 134 are provided to amplify the voltage
generated at a connection node N13 between the transistors
T131 and T132 and output the amplified voltage as the drive
signal WL._0.

[0066] <Operation>

[0067] Theoperation ofthe decoder circuit of FIG. 1 will be
described. Note that in the following description, no consid-
eration is given to the threshold voltages of the transistors.
[0068] [Decode Section]

[0069] When the address signal ADU_0 is in “L.” level, the
transistor T131 is ON while the transistor T132 is OFF The
potential of the connection node N13 is therefore equal to the
potential “Vdd” of the power supply node. On the contrary,
when the address signal ADU_0 is in an “H” level, the tran-
sistor T131 is OFF while the transistor T132 is ON. The
potential of the connection node N13 is therefore equal to the
potential of the connection node N12A.

[0070] [Predecoder]

[0071] As shown in FIG. 2, when the address signal AD is
in “H” level, an output S101 of the inverter 101 is in “L.” level.
In this state, therefore, the transistor T102A is ON while the
transistor T103A is OFF. The potential of the connection node
N12A is therefore equal to the voltage value “Vddl” of the
control voltage from the power supply control circuit 11.
During this time, the potential of the connection node N13 is
“Vdd1”, which is higher than the potential “VSS” of the
ground node, if the address signal ADU_0 is in “H” level.
[0072] When the address signal AD is in “L.” level, the
output S101 of the inverter 101 is in “H” level. In this state,
therefore, the transistor T102A is OFF while the transistor
T103A is ON. The potential of the connection node N12A is
therefore equal to the potential “VSS” of the ground node.
During this time, the potential of the connection node N13 is
“VSS”, the potential of the ground node, if the address signal
ADU_0is in “H” level.

[0073] Assume a case that the transistor T102A is con-
nected between the power supply node and the transistor
T103 (case1). In this embodiment, compared with case 1, the
charge amount stored in the connection node N12A is small,
and this shortens the discharge time and the charge time.
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[0074] <Effect>

[0075] As described above, by setting the voltage supplied
to one terminal of the transistor T102A to be lower than the
potential “Vdd” of the power supply node, the amplitude of
the potential of the connection node N12A can be reduced.
Hence, the charge amount stored in the connection node
N12A can be reduced, and also the time required to charge/
discharge the connection node N12A can be shortened. In this
way, high-speed operation and low power consumption can
be attained.

[0076] Although this embodiment was described taking the
case of connecting the predecoder to the line [._0 as an
example, one predecoder may also be connected to each of the
other lines [._1,[._2 and L._3. In this case, also, substantially
the same effect can be obtained for each line.

[0077] Although this embodiment shownin FIG. 1 includes
one decoder circuit, it may have two or more decoder circuits.
That is, although one decode section is connected to one line
in this embodiment, two or more decode sections may be
connected to one line.

[0078] Although the transistors T102A and T132 are n-type
transistors in FIG. 1, they may be p-type transistors.

Embodiment 2

[0079] <Configuration>

[0080] FIG. 3 shows a configuration of a decoder circuit of
Embodiment 2 of the present invention. This circuit is the
same in configuration as the decoder circuit of FIG. 1 except
that a predecoder 22A is provided in place of the power
supply control circuit 11A and the predecoder 12A shown in
FIG. 1. The predecoder 22A is the same in configuration as
the predecoder in FIG. 1, except that transistors T202A and
T203A are provided in place of the transistors T102A and
T103A shown in FIG. 1. The transistors T202A and T203A
are of the same conductivity type as the transistor T132. For
example, when the transistor T132 is of n-type, the transistors
T202A and T203A are also of n-type.

[0081] <Operation>

[0082] The operation of the predecoder 22A shown in FIG.
3 will be described. Note that in the following description, the
threshold voltage of the transistor T202A is assumed to be
“V121” and no consideration is given to the threshold voltages
of the transistors T203A and T132.

[0083] As shown in FIG. 4, when the address signal AD is
in “H” level, the output S101 of the inverter 101 is in “L”
level. Inthis state, therefore, the transistor T202A is ON while
the transistor T203 A is OFF. The potential of the connection
node N12A is therefore a value obtained by subtracting the
threshold voltage of the transistor T202A from the potential
of'the power supply node, “Vdd-V121”. During this time, the
potential of the connection node N13 is “Vdd-Vt21”, which
is higher than the potential “VSS” of the ground node, if the
address signal ADU_0 is in “H” level.

[0084] When the address signal AD is in “L.” level, the
output S101 of the inverter 101 is in “H” level. In this state,
therefore, the transistor T202A is OFF while the transistor
T203A is ON. The potential of the connection node N12A is
therefore equal to the potential “VSS” of the ground node.
During this time, the potential of the connection node N13 is
“VSS”, the potential of the ground node, if the address signal
ADU_0is in “H” level.

[0085] Assume a case that the transistor T132 and the tran-
sistor T203A are of the same conductivity type while the
transistor T132 and the transistor T202A are of different
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conductivity types (case 2). In this embodiment, compared
with case 2, the charge amount stored in the connection node
N12A is small, and this shortens the discharge time and the
charge time.

[0086] <Effect>

[0087] As described above, by setting the transistors
T202A and T203A of the predecoder to have the same con-
ductivity type as the transistor T132 of the decode section, the
amplitude of the potential of the connection node N12A can
be reduced. Hence, the charge amount stored in the connec-
tion node N12A can be reduced, and also the time required to
charge/discharge the connection node N12A can be short-
ened. In this way, high-speed operation and low power con-
sumption can be attained.

[0088] [Alteration 1]

[0089] As shown in FIG. 5, the predecoder 22A may
include transistors T202A_1 and T202A_2 in place of the
transistor T202A shown in FIG. 3. In this case, also, substan-
tially the same effect can be obtained. The transistors
T202A_1 and T202A_2 are connected in series between the
power supply node and the connection node N12A and
receive the address signal AD at their gates. The conductivity
type of the transistors T202A_1 and T202A_2 is the same as
that of the transistor T132.

[0090] Assuming herein that the threshold voltages of the
transistors T202A_1 and T202A_2 are respectively “Vi211”
and “Vt212” and the voltage drop caused by a back bias effect
is “p”, the potential of the connection node N12A will be
“Vdd-(V1211+Vt212+f)” when the address signal AD is in
“H” level. That is, the charged potential (potential of the
charged connection node N12A) can be made lower than the
potential “Vdd” of the power supply node.

[0091] [Alteration 2]

[0092] Asshownin FIG. 6, the decoder circuit may further
be provided with a substrate control circuit 21A that outputs
a control voltage. In this case, the predecoder 22 A includes a
transistor T204A in place of the transistor T202A shown in
FIG. 3. The transistor T204A receives the control voltage
from the substrate control circuit 21A at the substrate, and has
the same conductivity type as the transistor T132. Assuming
herein that the threshold voltage of the transistor T204A is
“V122” when the control voltage is equal to the potential
“VSS” of the ground node, the threshold voltage of the tran-
sistor T204 A will be “Vt22a” that is higher than “V122” when
the control voltage is a reverse bias (-Vbb).

[0093] As shown in FIG. 7, the transistor T204A receives
the reverse bias (-Vbb) from the substrate control circuit 21A
at the substrate. When the address signal AD is in “H” level,
the potential of the connection node N12A is a value obtained
by subtracting the threshold voltage of the transistor T204A
from the potential of the power supply node, “Vdd-Vt22a”.
That is, the charged voltage can be made lower than the
potential “Vdd” of the power supply node.

[0094] [Alteration 3]

[0095] Asshownin FIG. 8, the substrate control circuit 21A
may output the control voltage according to the address signal
AD. The transistor T204A of the predecoder 22A and the
transistor T132 of the decode section 13_ 0 receive the control
voltage from the substrate control circuit 21A at the substrate.
The threshold voltages of the transistors T204A and T132
will be lower when the control voltage is a forward bias (Vdd)
than when it is equal to the potential “VSS” of the ground
node.
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[0096] As shown in FIG. 9, when the address signal AD is
in “H” level, the substrate control circuit 21A outputs the
reverse-bias control voltage (-Vbb). With this control volt-
age, the threshold voltage of the transistor T204A is “Vt22a”
that is higher than “V122”. Therefore, the potential of the
connection node N12A won’t be higher than “Vdd-Vt22a”.
Also, since the charging speed is lower as the threshold volt-
age is higher, the charge amount stored in the connection node
N12A can be reduced. When the address signal AD is in “L.”
level, the substrate control circuit 21A outputs the forward-
bias control voltage (Vbb). With this control voltage, the
threshold voltage of the transistor T132 decreases, and thus
the time required for discharging the connection node N12A
can be shortened.

Embodiment 3

[0097] <Configuration>

[0098] FIG.10 shows a configuration of a decoder circuit of
Embodiment 3 of the present invention. The decoder circuit is
the same in configuration as that of FIG. 3, except that a
predecoder 32A is provided in place of the predecoder 22A
shown in FIG. 3. Note that in FIG. 10, only the predecoder
32A, the line L_0 and the decode section 13_0 of the row
decoder 13 are shown. This decoder circuit outputs a drive
signal WL_0 according to an external address signal ADU_0
and a clock CLK. The clock CLK is a source signal, for
example. The predecoder 32A includes a timing control cir-
cuit 301A and transistors T302A and T303A. The timing
control circuit 301A is composed of a plurality of logic ele-
ments (inverters 1A and 2A, a NAND circuit 3A and a delay
circuit 4A in the illustrated example). The timing control
circuit 301A outputs control signals S302A and S303A
according to the external clock CLK. The transistors T302A
and T303 A are connected in series between the power supply
node and the ground node: the transistor T302A is connected
between the power supply node and the transistor T303A and
receives the output of the inverter 1A (control signal S302A)
at its gate, and the transistor T303 A is connected between the
transistor T302 A and the ground node and receives the output
of the inverter 2A (control signal S303A) at its gate. A con-
nection node N32A between the transistors T302A and
T303A is connected to the line L._0. The output of the prede-
coder 32A is used as an enable signal, for example.

[0099] <Operation>

[0100] The operation of the decoder circuit of FIG. 10 will
be described with reference to FIG. 11. Note that in the
following description, no consideration is given to the thresh-
old voltages of the transistors.

[0101] At time t1, the clock CLK shifts from “L” level to
“H” level. With this level shift, the control signal S302A shifts
from “L” level to “H” level, turning the transistor T302A from
OFF to ON. The control signal S303 A shifts from “H” level to
“L> level, turning the transistor T303A from ON to OFF.
Hence, the potential of the connection node N32A rises from
the potential “VSS” of the ground node.

[0102] At time 12, the output CLKPLS of the delay circuit
4A shifts from “H” level to “L” level. With this shift, the
control signal S302A shifts from “H” level to “L” level,
turning the transistor T302A from ON to OFF. The control
signal S303A remains at “L” level, keeping the transistor
T303A in the OFF state. Hence, since the connection node
N32A is no more charged, the potential of the connection
node N32A stays at “Vdd—-a” that is lower than the potential
“Vdd” of the power supply node.
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[0103] At time t3, the clock CLK shifts from “H” level to
“L” level. With this shift, the control signal S303A shifts from
“L”level to “H” level, turning the transistor T303 A from OFF
to ON. The control signal S302A remains at “L” level, keep-
ing the transistor T302 A in the OFF state. Hence, the potential
of the connection node N32A drops toward the potential
“VSS” of the ground node.

[0104] <Effect>

[0105] As described above, by turning OFF the transistor
T302A before the potential of the connection node N32A
reaches the potential “Vdd” of the power supply node, the
amplitude of the potential of the connection node N32A can
be reduced. Therefore, the charge amount stored in the con-
nection node N32A canbe reduced, and also the time required
to charge/discharge the connection node N32A can be short-
ened. In this way, high-speed operation and low power con-
sumption can be attained.

[0106] Note that although the transistors T302A and T132
are of n-type in FIG. 10, they may be of p-type.

Embodiment 4

[0107] <Configuration>

[0108] FIG. 12 shows a configuration of a decoder circuit of
Embodiment 4 of the present invention. This circuit is the
same in configuration as the decoder circuit of FIG. 10, except
that a predecoder 42A is provided in place of the predecoder
32A shown in FIG. 10. The predecoder 42A includes transis-
tors T402A and T403A, which are connected in series
between the power supply node and the ground node: the
transistor T402A is connected between the power supply
node and the transistor T403A and receives the external clock
CLK at its gate, and the transistor T403A is connected
between the transistor T402A and the ground node and
receives the external clock CLK atits gate. A connection node
N42A between the transistors T402A and T403A is con-
nected to the line L_0.

[0109] The W/L ratio of the transistor T402A is equal to or
less than twice the W/L ratio of the transistor T403A. For
example, assuming that the gate lengths of the transistors
T402A and T403A are equal to each other, the gate width of
the transistor T402A is equal to or less than twice the gate
width of the transistor T403A. Alternatively, assuming that
the gate widths of the transistors T402A and T403 A are equal
to each other, the gate length of the transistor T402A is equal
to or more than a half of the gate length of the transistor
T403A. With the configuration described above, the current
amount flowing through the transistor T402A per unit time
can be made smaller than the current amount flowing through
the transistor T403 A per unit time. In other words, the current
capability of the transistor T402A is weaker than that of the
transistor T403A. The current capability of the transistor
T403 A may be of a conventional level.

[0110] <Operation>

[0111] The operation of the decoder circuit of FIG. 12 will
be described with reference to FIG. 13.

[0112] At time t1, the clock CLK shifts from “H” level to
“L” level. With this level shift, the transistor T402A is turned
from OFF to ON while the transistor T403A is turned from
ON to OFF. Therefore, the potential of the connection node
N42A rises from the potential “VSS” of the ground node.
[0113] At time t2, the clock CLK shifts from “L” level to
“H” level. With this level shift, the transistor T402A is turned
from ON to OFF. At this time, since the current capability of
the transistor T402A is comparatively weak, the potential of
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the connection node N42 A has not reached the potential Vdd
of the power supply node (but is “Vdd-y”). Meanwhile, the
transistor T403A is turned from OFF to ON. Therefore, the
potential of the connection node N42A drops from “Vdd—-y”.
[0114] At time 3, the clock CLK shifts from “H” level to
“L” level. With this level shift, the transistor T402A is turned
from OFF to ON while the transistor T403A is turned from
ON to OFF. At this time, since the current capability of the
transistor T403 A is comparatively strong, the potential of the
connection node N42A has reached the potential VSS of the
ground node.

[0115] <Effect>

[0116] As described above, by turning OFF the transistor
T402A before the potential of the connection node N42A
reaches the potential “Vdd” of the power supply node, the
amplitude of the potential of the connection node N42A can
be reduced. Therefore, the charge amount stored in the con-
nectionnode N42A canbe reduced, and also the time required
to charge/discharge the connection node N42A can be short-
ened. In this way, high-speed operation and low power con-
sumption can be attained.

Embodiment 5

[0117] <Configuration>

[0118] FIG. 14 shows a configuration of a decoder circuit of
Embodiment 5 of the present invention. This circuit is the
same in configuration as the decoder circuit of FIG. 10, except
that a predecoder 52A is provided in place of the predecoder
32A shown in FIG. 10. The predecoder 52A includes an
inverter 501 and a transistor T502A. The transistor TS02A is
connected between the line I._0 and the ground node and
receives the output of the inverter 501 at its gate. The transis-
tor T502A has the same conductivity type as the transistor
T132.

[0119] <Operation>

[0120] The operation of the decoder circuit of FIG. 14 will
be described with reference to FIG. 15. Note that in the
following description, the threshold voltage of the transistor
T502A is assumed to be “Vt51”.

[0121] At time t1, the transistor T131 is turned from ON to
OFF while the transistor T132 is turned from OFF to ON. The
connection node N13 is therefore disconnected from the
power supply node and connected to the line I._0 (to the
connection node N52A). At this time, the potential of the
connection node N52A is “Vdd-V1t51”. Therefore, the poten-
tial of the connection node N13 is kept at the potential “Vdd”
of the power supply node.

[0122] Attime t2, the transistor T502A is turned from OFF
to ON. The connection node N52A is therefore connected to
the ground node, causing the potential of the connection node
N52A to drop from “Vdd-Vt51” toward the potential “VSS”
of the ground node. Hence, the potential of the connection
node N13 also drops from “Vdd” toward the potential “VSS”
of the ground node.

[0123] Attimet3, the transistor T131 is turned from OFF to
ON while the transistor T132 is turned from ON to OFF. The
connection node N13 is therefore disconnected from the con-
nection node N52A and connected to the power supply node.
Hence, the potential of the connection node N13 rises from
the potential “VSS” of the ground node toward the potential
“Vdd” of the power supply node.

[0124] At time t4, the transistor T502A is turned from ON
to OFF, disconnecting the connection node N52A from the
ground node.
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[0125] Attime t5, the transistor T131 is turned from ON to
OFF while the transistor T132 is turned from OFF to ON. The
connection node N13 is therefore disconnected from the
power supply node and connected to the connection node
N52A. At this time, the potential of the connection node N13
is “Vdd” and the potential of the connection node N52A is
“VSS”. Therefore, the charge stored in the connection node
N13 is shared with the connection node N52A, so that the
potentials of both the connection nodes N13 and N52A
become “Vdd-Vt51”.

[0126] Attime t6, the transistor TS02A is turned from OFF
to ON. The connection node N52A is therefore connected to
the ground node, causing the potential of the connection node
N52A to drop from “Vdd-Vt51” toward the potential “VSS”
of'the ground node. Also, the potential of the connection node
N13 drops from “Vdd-Vt51” toward the potential “VSS” of
the ground node.

[0127] Note that the potential of the shared charge is not
limited to “Vdd-Vt51”.

[0128] <Effect>

[0129] As described above, by sharing the charge stored in
the connection node N13 with the connection node N52A, the
potential of the connection node N13 can be adjusted. Also,
the potential of the connection node N52A can be kept from
exceeding “Vdd-Vt51”. Therefore, the amplitude of the
potential of the connection node N52A can be reduced, and
thus the charge amount stored in the connection node N52A
can be reduced. Also, the time required to charge/discharge
the connection node N52A can be shortened. In this way,
high-speed operation and low power consumption can be
attained.

Embodiment 6

[0130] <Configuration>

[0131] FIG. 16 shows a configuration of a decoder circuit of
Embodiment 6 of the present invention. This circuit is the
same in configuration as the decoder circuit of FIG. 1, except
that an equalizer circuit 61 and predecoders 62_0,62_1, 62_2
and 62_3 and a delay circuit 63 are provided in place of the
predecoder 12A shown in FIG. 1. Note that in FIG. 16, only
the decode section 13_0 connected to the line [,_0, among the
decoder sections of the row decoder 13, is shown.

[0132] The equalizer circuit 61 receives the output of the
delay circuit 63, and connects the lines [_0 to I._3 to one
another when the clock CLK is in “L” level but disconnects
the lines L._0 to L._3 from one another when it is in “H” level.
The equalizer circuit 61 includes transistors T611, T612 and
T613 that are ON when the clock CLK is in “L.”’ level and OFF
when it is in “H” level.

[0133] The predecoders 62_0to 62_3 are the same in con-
figuration. Herein, therefore, the predecoder 62_0 will be
described representatively. The predecoder 62_0 executes
discharging operation for the corresponding line I._0 if the
corresponding address signal AD_0 is in “H” level, the clock
CLK is in “H” level and the corresponding line is in “H” level.
Also, the predecoder 62_0 executes charging operation for
the corresponding line I_0 if the corresponding address sig-
nal AD_0 is in “L” level and the corresponding line [._0 is in
“H” level.

[0134] <Internal Configuration of Predecoder>

[0135] FIG. 17 shows an internal configuration of the pre-
decoder 62_0 shown in FIG. 16. The predecoder 62_0
includes transistors T601, T602, T603 and T604, a delay
circuit 605, an inverter 606, a NAND circuit 607 and an
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inverter 608. The transistors T601 to T604 are connected in
series between the power supply node and the ground node.
The delay circuit 605 receives the potential of the line L._0.
The inverter 606 inverts the output of the delay circuit 605 and
outputs the inverted signal. The transistor T601 receives the
output of the inverter 606 at its gate. The transistors T602 and
T603 receive the output of the inverter 608 at their gates. The
transistor T604 receives the output of the delay circuit 605 at
its gate.

[0136] When the potential of the line I._0 is in “H” level
(when the potential of the line is “(34)xVdd” or more), the
transistors T601 and T604 are ON. During this time, if the
address signal AD_0 in “H” level and the clock CLK is in “H”
level, the transistor T602 is OFF while the transistor T603 is
ON. This connects the line L._0 with the ground node, allow-
ing discharging for the line L_0.

[0137] If at least one of the address signal AD_0 and the
clock CLK is in “L”” level when the potential of the line [_0
is in “H” level, the transistor T602 is ON while the transistor
T603 is OFF. This connects the line [_0 with the power
supply node, allowing charging for the line L_0.

[0138] When the potential of the line [._0 is in “L” level
(when the potential of the line is “VSS”), the transistors T601
and T604 are OFF. During this time, therefore, neither dis-
charging nor charging is executed even if both the address
signal AD_0 and the clock CLK are in “H” level.

[0139] <Operation>

[0140] The operation of the decoder circuit of FIG. 16 will
be described with reference to FIG. 18.

[0141] Assume that the clock CLK is in “H” level. In this
state, the transistors T611 to T613 of the equalizer circuit 61
are OFF. Assume also that the address signals AD_0 to AD_2
are in “L” level while the address signal AD_3 is in “H” level.
In this state, the predecoders 62_0 to 62_2 connect their
corresponding lines with the power supply node, allowing the
potentials of the lines I._0 to [._2 to be “Vdd”. Meanwhile,
the potential of the line [._3 is “VSS”, and thus in the prede-
coder 62_3, the transistors T601 and T604 are turned OFF.

[0142] The address signal AD_3 then becomes “L” level,
and in the predecoder 62_3, the transistor T602 is turned ON
while the transistor T603 is turned OFF. Also, the clock CLK
becomes “L” level, and in the equalizer circuit 61, the tran-
sistors T611 to T613 are turned ON. This causes the potentials
of'the lines I._0 to L._2 to drop from “Vdd” and the potential
of the line L._3 to rise from “VSS”.

[0143] The clock CLK then becomes “H” level, and in the
equalizer circuit 61, the transistors T611 to T613 are turned
OFF. At this time, the potentials of the lines [._0to L_3 are
“(¥2)xVdd”. The address signals AD_10AD_3 remainat “L”
level. Therefore, in the predecoders 62_1 to 62_3, the tran-
sistor T602 is ON while the transistor T603 is OFF, causing
the potentials of the lines L_1 to L._3 to rise from “(34)xVdd”
to “Vdd”. On the contrary, the address signal AD_0 rises to
“H” level, and thus, in the predecoder 62_0, the transistor
T602 is OFF while the transistor T603 is ON, causing the
potential of the line [._0 to drop from “(34)xVdd” to “VSS”.

[0144] The address signal AD_0 thenbecomes “L” level. In
the predecoder 62_0, the transistor T602 is turned ON while
the transistor T603 is turned OFF. Also, the clock CLK
becomes “L” level, and in the equalizer circuit 61, the tran-
sistors T611 to T613 are turned ON. This causes the potentials
of'the lines I._1 to L._3 to drop from “Vdd” and the potential
of the line L._0 to rise from “VSS”.
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[0145] As described above, during the time when the clock
CLK is in “H” level, discharging is executed for either one of
the lines [._0 to I._3. During the time when the clock CLK is
in “L” level, the lines L_0 to I._3 are equalized. In other
words, the lines I._0 to ._3 are equalized before execution of

charging or discharging.
[0146] <Effect>
[0147] As described above, in charging, the line from

which charge has been drawn (line [._0) is equalized with the
lines in which charge has been stored to the potential “Vdd”
of the power supply node (lines [._1, [._2 and [._3). By this
equalization, the potential of the line I_0 can be set at “(34)x
Vdd”. In other words, the charged potential can be suppressed
to “(¥)xVdd” that is lower than the potential “Vdd” of the
power supply node, and thus the charge amount to the lines
can be reduced. Also, the time required to charge/discharge
the lines can be shortened. In this way, both high-speed opera-
tion and low power consumption can be attained.

Embodiment 7

[0148] <Configuration>

[0149] FIG. 19 shows a configuration of a decoder circuit of
Embodiment 7 of the present invention. This circuit includes
a power supply control circuit 11B, a predecoder 12B and a
row decoder 13.

[0150] The power supply control circuit 11B outputs a con-
trol voltage to the predecoder 12B. The voltage value “VSS1”
of'the control voltage is higher than the potential “VSS” ofthe
ground node.

[0151] The predecoder 12B, which is connected to a line
L_0 and operates according to the address signal AD,
includes an inverter 101, a transistor T102B and a transistor
T103B. The transistors T102B and T103B are connected in
series between the power supply control circuit 11B and the
power supply node: the transistor T102B is connected
between the power supply control circuit 11B and the tran-
sistor T103B and receives the address signal AD at its gate,
and the transistor T103B is connected between the transistor
T102B and the power supply node and receives the output of
the inverter 101 at its gate. A connection node N12B between
the transistors T102B and T103B is connected to the line L._0.
[0152] The row decoder 13 is the same in configuration as
that shown in FIG. 1, except for the configuration of the
decode sections 13_0 to 13_3. Herein, the decode section
13_0 will be described representatively.

[0153] The decode section 13_0 includes transistors T131
and T132 that are connected in series between the ground
node and the line L_0: the transistor T131 is connected
between the line L._0 and the transistor T132 and receives the
external address signal ADU_0 at its gate, and the transistor
T132 is connected between the transistor T131 and the
ground node and receives the external address signal ADU_0
at its gate. The voltage generated at a connection node N13
between the transistors T131 and T132 is outputted as the
drive signal WL_0.

[0154] <Operation>

[0155] The operation of the decoder circuit of FIG. 19 will
be described. Note that in the following description, no con-
sideration is given to the threshold voltages of the transistors.
[0156] [Decode Section]

[0157] When the address signal ADU_0 is in “L.” level, the
transistor T131 is ON while the transistor T132 is OFF. The
potential of the connection node N13 is therefore equal to the
potential of the connection node N12B. When the address
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signal ADU_0 is in “H” level, the transistor T131 is OFF
while the transistor T132 is ON. The potential of the connec-
tion node N13 is therefore equal to the potential of the ground
node.

[0158] [Predecoder]

[0159] As shown in FIG. 20, when the address signal AD is
in “L” level, the output S101 of the inverter 101 is in “H”
level. In this state, therefore, the transistor T102B is ON while
the transistor T103B is OFF. The potential of the connection
node N12B is therefore equal to the voltage value “VSS1” of
the control voltage from the power supply control circuit 11B.
During this time, the potential of the connection node N13 is
“VSS1”, which is lower than the potential “Vdd” of the power
supply node, if the address signal ADU_0 is in “L” level.
[0160] When the address signal AD is in “H” level, the
output S101 of the inverter 101 is in “L” level. In this state,
therefore, the transistor T102B is OFF while the transistor
T103B is ON. The potential of the connection node N12B is
therefore equal to the potential “Vdd” of the power supply
node. During this time, the potential of the connection node
N13 is “Vdd”, the potential of the power supply node, if the
address signal ADU_0 is in “L.” level.

[0161] <Effect>

[0162] As described above, by setting the voltage supplied
to one terminal of the transistor T102B to be higher than the
potential “VSS” of the ground node, the amplitude of the
potential of the connection node N12B can be reduced.
Hence, the charge amount released from the connection node
N12B can be reduced, and also the time required to charge/
discharge the connection node N12B can be shortened. In this
way, high-speed operation and low power consumption can
be attained.

[0163] Although the transistors T102B and T131 are p-type
transistors in FIG. 19, they may be n-type transistors.

Embodiment 8

[0164] <Configuration>

[0165] FIG. 21 shows a configuration of a decoder circuit of
Embodiment 8 of the present invention. This circuit is the
same in configuration as the decoder circuit of FIG. 19, except
that a predecoder 22B is provided in place of the power supply
control circuit 11B and the predecoder 12B shown in FIG. 19.
The predecoder 22B is the same in configuration as the pre-
decoder in FIG. 19, except that transistors T202B and T203B
are provided in place of the transistors T102B and T103B
shown in FIG. 19. The transistors T202B and T203B are of
the same conductivity type as the transistor T131. For
example, when the transistor T131 is of p-type, the transistors
T202B and T203B are also of p-type.

[0166] <Operation>

[0167] The operation of the decoder circuit of FIG. 21 will
be described. Note that in the following description, the abso-
lute value of the threshold voltage of the transistor T202B is
assumed to be “IVt81/” and no consideration is given to the
threshold voltages of the transistors T203B and T131.
[0168] Asshown in FIG. 22, when the address signal AD is
in “L” level, the output of the inverter 101 is in “H” level. In
this state, therefore, the transistor T202B is ON while the
transistor T203B is OFF. The potential of the connection node
N12B is therefore a value obtained by adding the threshold
voltage of the transistor T202B to the potential of the ground
node, “VSS+IVt81/”. During this time, the potential of the
connection node N13 is, not “Vdd”, but “VSS+IVt811” if the
address signal ADU_0 is in “L.” level.
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[0169] When the address signal AD is in “H” level, the
output S101 of the inverter 101 is in “L.” level. In this state,
therefore, the transistor T202B is OFF while the transistor
T203B is ON. The potential of the connection node N12B is
therefore equal to the potential “Vdd” of the power supply
node. During this time, the potential of the connection node
N13 is “Vdd” if the address signal ADU_0 is in “L” level.
[0170] <Effect>

[0171] As described above, by setting the transistors
T202B and T203B of the predecoder to have the same con-
ductivity type as the transistor T131 of the decode section, the
amplitude of the potential of the connection node N12B can
be reduced. Therefore, the charge amount released from the
connection node N12B can be reduced, and also the time
required to charge/discharge the connection node N12B can
be shortened. In this way, high-speed operation and low
power consumption can be attained.

[0172] [Alteration 1]

[0173] As shown in FIG. 23, the predecoder 22B may
include transistors T202B_1 and T202B_2 in place of the
transistor T202B shown in FIG. 21. In this case, also, sub-
stantially the same effect can be obtained. The transistors
T202B_1 and T202B_2 are connected in series between the
transistor T203B and the ground node and receive the address
signal AD at their gates. The conductivity type of the transis-
tors T202B_1 and T202B_2 is the same as that of the transis-
tor T131.

[0174] Assuming herein that the absolute values of the
threshold voltages of the transistors T202B_1 and T202B_2
are respectively “IVt81| and IVt812I” and the voltage drop
caused by a back bias effect is “P”, the potential of the
connection node N12B will be “VSS+(1Vt8111+IVt8121+f3)”
when the address signal AD is in “L” level. That is, the
discharged potential ((potential of the discharged connection
node N12B) can be made higher than the potential “VSS” of
the ground node.

[0175] [Alteration 2]

[0176] AsshowninFIG. 24, the decoder circuit may further
be provided with a substrate control circuit 21B that outputs
a control voltage. In this case, the predecoder 22B includes a
transistor T204B in place of the transistor T202B shown in
FIG. 21. The transistor T204B receives the control voltage
from the substrate control circuit 21B at the substrate. Assum-
ing herein that the absolute value of the threshold voltage of
the transistor T204B is “IVt821” when the control voltage is
equal to the potential “VSS” of the ground node, the absolute
value of the threshold voltage of the transistor T204B will be
“IVt82all” that is larger than “|Vt821” when the control volt-
age is a reverse bias (Vbb).

[0177] Asshown in FIG. 25, when the address signal AD is
in “L” level, the potential of the connection node N12B is a
value obtained by adding the threshold voltage of the transis-
tor T204B to the potential of the ground node, “VSS+
IVt82al”. That is, the discharged voltage can be made higher
than the potential “VSS” of the ground node.

[0178] [Alteration 3]

[0179] As shown in FIG. 26, the substrate control circuit
21B may output the control voltage according to the address
signal AD. The transistor T204B of the predecoder 22B and
the transistor T131 of the decode section 13_0 receive the
control voltage from the substrate control circuit 21B at the
substrate. The absolute values of the threshold voltages of the
transistors T204B and T131 will be smaller when the control
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voltage is a forward bias (-Vdd) than when it is equal to the
potential “VSS” of the ground node.

[0180] Asshown in FIG. 27, when the address signal AD is
in “L” level, the substrate control circuit 21B outputs the
reverse-bias control voltage (Vbb). With this control voltage,
the absolute value of the threshold voltage of the transistor
T204B is “IVt82al” that is larger than “IVt82I”. Therefore,
the potential of the connection node N12B won’t be lower
than “VSS+IVt82al”. Also, since the discharging speed is
lower as the absolute value of the threshold voltage is larger,
the charge amount released from the connection node N12B
can be reduced. When the address signal AD is in “H” level,
the substrate control circuit 21B outputs the forward-bias
control voltage (-Vbb). With this control voltage, the abso-
Iute value of the threshold voltage of the transistor T131
decreases, and thus the time required for charging the con-
nection node N12B can be shortened.

Embodiment 9

[0181] <Configuration>

[0182] FIG. 28 shows a configuration of a decoder circuit of
Embodiment 9 of the present invention. This circuit is the
same in configuration as the decoder circuit of FIG. 21, except
that a predecoder 32B is provided in place of the predecoder
22B shown in FIG. 21. Note that in FIG. 28, only the prede-
coder 32B, the line I,_0 and the decode section 13_0 of the
row decoder 13 are shown. The predecoder 32B includes a
timing control circuit 301B and transistors T302B and
T303B. The timing control circuit 301B is composed of a
plurality of logic elements (an inverter 1B, a NAND circuit
3B and a delay circuit 4B in the illustrated example). The
timing control circuit 301B outputs control signals S302B
and S303B according to the external clock CLK. The transis-
tors T302B and T303B are connected in series between the
power supply node and the ground node: the transistor T302B
is connected between the ground node and the transistor
T303B and receives the output of the NAND circuit 3B (con-
trol signal S302B) at its gate, and the transistor T303B is
connected between the transistor T302B and the power sup-
ply node and receives the output of the inverter 1B (control
signal S303B) at its gate. A connection node N32B between
the transistors T302B and T303B is connected to the line L._0.
[0183] <Operation>

[0184] The operation of the decoder circuit of FIG. 28 will
be described with reference to FIG. 29. Note that in the
following description, no consideration is given to the thresh-
old voltages of the transistors.

[0185] At time t1, the clock CLK shifts from “H” level to
“L” level. With this level shift, the control signal S302B shifts
from “H” level to “L” level, turning the transistor T302B from
OFF to ON. The control signal S303B shifts from “L.” level to
“H” level, turning the transistor T303B from ON to OFF.
Hence, the potential of the connection node N32B drops from
the potential “Vdd” of the power supply node.

[0186] At time 12, the output CLKPLS of the delay circuit
4B shifts from “L” level to “H” level. With this shift, the
control signal S302B changes from “L” level to “H” level,
turning the transistor T302B from ON to OFF. The control
signal S303B remains at “H” level, keeping the transistor
T303B in the OFF state. Hence, the potential of the connec-
tion node N32B is “VSS+a” that is higher than the potential
“VSS” of the ground node.

[0187] At time t3, the clock CLK shifts from “L” level to
“H” level. With this shift, the control signal S303B shifts from
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“H” level to “L” level, turning the transistor T303B from OFF
to ON. The control signal S302B remains at “H” level, keep-
ing the transistor T302B in the OFF state. Hence, the potential
of the connection node N32B rises toward the potential
“Vdd” of the power supply node.

[0188] <Effect>

[0189] As described above, by turning OFF the transistor
T302B before the potential of the connection node N32B
reaches the potential “VSS” of the ground node, the ampli-
tude of the potential of the connection node N32B can be
reduced. Therefore, the charge amount released from the
connection node N32B can be reduced, and also the time
required to charge/discharge the connection node N32B can
be shortened. In this way, high-speed operation and low
power consumption can be attained.

[0190] Note that although the transistors T303B and T131
are p-type transistors in FIG. 28, they may be p-type transis-
tors.

Embodiment 10

[0191] <Configuration>

[0192] FIG. 30 shows a configuration of a decoder circuit of
Embodiment 10 of the present invention. This circuit is the
same in configuration as the decoder circuit of FIG. 28, except
that a predecoder 42B is provided in place of the predecoder
32B shown in FIG. 28. The predecoder 42B includes transis-
tors T402B and T403B, which are connected in series
between the power supply node and the ground node: the
transistor T402B is connected between the ground node and
the transistor T403B and receives the external clock CLK at
its gate, and the transistor T403B is connected between the
transistor T402B and the power supply node and receives the
external clock CLK at its gate. A connection node N42B
between the transistors T402B and T403B is connected to the
line L_0.

[0193] The W/L ratio of the transistor T402B is equal to or
less than twice the W/L ratio of the transistor T403B. For
example, assuming that the gate lengths of the transistors
T402B and T403B are equal to each other, the gate width of
the transistor T402B is equal to or less than twice the gate
width of the transistor T403B. Alternatively, assuming that
the gate widths of the transistors T402B and T403B are equal
to each other, the gate length of the transistor T402B is equal
to or more than a half of the gate length of the transistor
T403B. With the configuration described above, the current
amount flowing through the transistor T402B per unit time
can be made smaller than the current amount flowing through
the transistor T403B per unit time. In other words, the current
capability of the transistor T402B is weaker than that of the
transistor T403B. The current capability of the transistor
T403B may be of a conventional level.

[0194] <Operation>

[0195] The operation of the decoder circuit of FIG. 30 will
be described with reference to FIG. 31.

[0196] At time t1, the clock CLK shifts from “L” level to
“H” level. With this shift, the transistor T402B is turned from
OFF to ON while the transistor T403B is turned from ON to
OFF. Hence, the potential of the connection node N42B drops
from the potential “Vdd” of the power supply node.

[0197] At time 2, the clock CLK shifts from “H” level to
“L” level. With this shift, the transistor T402B is turned from
ON to OFF. At this time, since the current capability of the
transistor T402B is comparatively weak, the potential of the
connection node N42B has not reached the potential “VSS”
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of'the ground node (but is “VSS+y”). Meanwhile, the transis-
tor T403B is turned from OFF to ON. Therefore, the potential
of the connection node N42B rises from “VSS+y”.

[0198] At time t3, the clock CLK shifts from “L” level to
“H” level. With this shift, the transistor T402B is turned from
OFF to ON while the transistor T403B is turned from ON to
OFF. At this time, since the current capability of the transistor
T403B is comparatively strong, the potential of the connec-
tion node N42B has reached the potential “Vdd” of the power

supply node.
[0199] <Effect>
[0200] As described above, by turning OFF the transistor

T402B before the potential of the connection node N42B
reaches the potential “VSS” of the ground node, the ampli-
tude of the potential of the connection node N42B can be
reduced. Therefore, the charge amount released from the
connection node N42B can be reduced, and also the time
required to charge/discharge the connection node N42B can
be shortened. In this way, high-speed operation and low
power consumption can be attained.

Embodiment 11

[0201] <Configuration>

[0202] FIG. 32 shows a configuration of a decoder circuit of
Embodiment 11 of the present invention. This circuit is the
same in configuration as the decoder circuit of FIG. 28, except
that a predecoder 52B is provided in place of the predecoder
32B shown in FIG. 28. The predecoder 52B includes an
inverter 501 and a transistor T502B. The transistor T502B is
connected between the line [._0 and the power supply node
and receives the output of the inverter 501 at its gate. The
transistor T502B is the same in conductivity type as the tran-
sistor T131.

[0203] <Operation>

[0204] The operation of the decoder circuit of FIG. 32 will
be described with reference to FIG. 33. Note that in the
following description, the absolute value of the threshold
voltage of the transistor T502B is assumed to be “IVt111/”.
[0205] Attimetl, the transistor T131 is turned from OFF to
ON while the transistor T132 is turned from ON to OFF. The
connection node N13 is therefore disconnected from the
ground node and connected to the connection node N52B. At
this time, the potential of the connection node N52B is “VSS+
[vt1111”. Therefore, the potential of the connection node N13
remains at the potential “VSS” of the ground node.

[0206] Attime t2, the transistor T502B is turned from OFF
to ON. The connection node N52B is therefore connected to
the power supply node, causing the potential of the connec-
tion node N52B to rise from “VSS+Ivt1111” toward the
potential “Vdd” of the power supply node. The potential of
the connection node N13 also rises from “VSS” toward the
potential “Vdd” of the power supply node.

[0207] At time t3, the transistor T131 is turned from ON to
OFF while the transistor T132 is turned from OFF to ON. The
connection node N13 is therefore disconnected from the con-
nection node N52B and connected to the ground node. Thus,
the potential of the connection node N13 drops from the
potential “Vdd” of the power supply node toward the poten-
tial “VSS” of the ground node.

[0208] At time t4, the transistor T502B is turned from ON
to OFF, disconnecting the connection node N52B from the
power supply node.

[0209] Attimet5, the transistor T131 is turned from OFF to
ON while the transistor T132 is turned from ON to OFF. The
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connection node N13 is therefore disconnected from the
ground node and connected to the connection node N52B. At
this time, since the potential of the connection node N13 is
“VSS” and the potential of the connection node N52B is
“Vdd”, the charge stored in the connection node N52B is
shared with the connection node N13, so that the potentials of
the connection nodes N13 and N52B become “VSS+
IVt1111™.

[0210] Attime t6, the transistor T502B is turned from OFF
to ON. The connection node N52B is therefore connected to
the power supply node, causing the potential of the connec-
tion node N52B to rise from “VSS+IVtl11l” toward the
potential “Vdd” of the power supply node. Also, the potential
of the connection node N13 rises from “VSS+IVtl111/”
toward the potential “Vdd” of the power supply node.
[0211] <Effect>

[0212] As described above, by sharing the charge between
the connection node N13 and the connection node N52B, the
potential of the connection node N13 can be adjusted. Also,
the potential of the connection node N52B can be kept from
falling below “VSS+IVt1111”. Therefore, the amplitude of
the potential of the connection node N52B can be reduced,
and thus the charge amount discharged from the connection
node N52B can be reduced. Also, the time required to charge/
discharge the connection node N52B can be shortened. In this
way, high-speed operation and low power consumption can
be attained.

Embodiment 12

[0213] <Configuration>

[0214] FIG. 34 shows a configuration of a decoder circuit of
Embodiment 12 of the present invention. This circuit is the
same in configuration as the decoder circuit of FIG. 1 except
for the internal configuration of the predecoder 12A. Note
that only the decode section 13_0 connected to the line [._0is
shown in FIG. 34.

[0215] The predecoder 12A includes a timing control cir-
cuit 701 in place of the inverter 101 shown in FIG. 1. The
timing control circuit 701 is composed of a plurality of logic
elements (inverters 7_1 and 7_2, a NAND circuit 7_3 and a
delay circuit 7_4 in the illustrated example). The transistor
T102A receives the output of the inverter 7_1 (control signal
S702) at its gate, and the transistor T103 A receives the output
of'the inverter 7_2 (control signal S703) at its gate.

[0216] <Operation>

[0217] The operation of the decoder circuit of FIG. 34 will
be described with reference to FIG. 35.

[0218] The timing control circuit 701 shifts the level of the
control signal S702 from “L” to “H” after shifting the level of
the control signal S703 from “H” to “L.”, and shifts the level
of'the control signal S703 from “L”” to “H” after shifting the
level of the control signal S702 from “H” to “L”. Also, the
timing control circuit 701 shifts the level of the control signal
S703 from “L” to “H” after shifting the level of the control
signal S702 from “H” to “L”, and shifts the level of the control
signal S702 from “L” to “H” after shifting the level of the
control signal S703 from “H” to “L”. In other words, the time
period during which both the control signals S702 and S703
are in “L” level is provided.

[0219] To realize the timing described above, the delay
amounts in the NAND circuit 7_3 and the inverter 7_4 may be
adjusted.
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[0220] <Effect>

[0221] As described above, by providing the time period
during which both the transistors T102A and T103 A are OFF,
it is possible to prevent occurrence of a through current flow-
ing from the power supply node to the ground node via the
transistors T102A and T103A.

[0222] The above effect will also be obtainable by using the
timing control circuit 701 shown in FIG. 34 in the other
embodiments, to adjust ON/OFF of'the transistors included in
the predecoder.

Embodiment 13

[0223] <Configuration>

[0224] FIG. 36 shows a configuration of a decoder circuit of
Embodiment 13 of the present invention. This circuit includes
a sense amp timing generation circuit 81 in addition to the
components of the decoder circuit of FIG. 1. The sense amp
timing generation circuit 81 includes NAND circuits 811 and
812 and a NOR circuit 813, and shifts the level of a timing
signal SAFE to “H” according to the potentials of the lines L_0,
L_1,I._2andL_3. The timing signal SAE is used for driving
a sense amplifier (not shown).

[0225] <Operation>

[0226] The operation of the decoder circuit of FIG. 36 will
be described with reference to FIG. 37.

[0227] When the clock CLK is of high frequency, the
charge amount stored in the connection node N12A is small,
compared with the case when it is of low frequency. In high
frequency, the time length from the time at which the clock
CLK becomes “H” level until the time at which the drive
voltage WL_0 becomes “H” level is short. On the contrary,
when the clock CLK is of low frequency, the charge amount
stored in the connection node N12A is large, compared with
the case when it is of high frequency. In low frequency, the
time length from the time at which the clock CLK becomes
“H” level until the time at which the drive voltage WL_0
becomes “H” level is long.

[0228] Assuming that the time length from the time at
which the clock CLK becomes “H” level until the time at
which the drive voltage WL_0 becomes “H” level in the case
ot high-frequency clock and that in the case of low-frequency
clock are denoted by “X” and “Y”, respectively, the time Y is
longer than the time X. In order for a sense amplifier to detect
the drive voltage WL._0 normally, the sense amplifier must be
driving at the time of rising of the drive voltage WL._0. How-
ever, since a general sense amplifier operates according to the
clock CLK as the source signal, if the time length from the
time at which the clock CLK becomes “H” level until the time
at which the drive signal WL._0 becomes “H” level varies, the
sense amplifier may fail to operate stably.

[0229] The sense amp timing generation circuit 81 shifts
the timing signal SAE to “H” level once all of the lines _0to
L_3 are in “H” level. The sense amplifier (not shown) starts
driving once the timing signal SAE from the sense amp tim-
ing generation circuit 81 becomes “H” level. As shown in
FIG. 37, the timing signal SAE becomes “H” level at fixed
timing (time Z). Therefore, the sense amplifier (not shown)
can detect the drive voltage WL_0 outputted from the row
decoder 13 normally.

[0230] <Effect>

[0231] Asdescribed above, by generating the timing signal,
the sense amplifier can be driven independent of the fre-
quency, and thus stable operation can be ensured.
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[0232] Although the sense amp timing generation circuit 81
was added to the decoder circuit of FIG. 1 in this embodiment,
it is also applicable to the other embodiments.

Embodiment 14

[0233] <Configuration>

[0234] FIG. 38 shows a configuration of a decoder circuit of
Embodiment 14 of the present invention. This circuit includes
aline,_91, areplica predecoder 92, a replica row decoder 93
and a sense amp timing generation circuit 94 in addition to the
components of the decoder circuit of FIG. 1.

[0235] The replica predecoder 92 is the same in configura-
tion as the predecoder 12 A, and the replica row decoder 93 is
the same in configuration as one decode section included in
the row decoder 13 (the decoder section 13_0in the illustrated
example). The replica predecoder 92, the replica row decoder
93 and the sense amp timing generation circuit 94 are con-
nected to the line L_91.

[0236] FIG. 39 shows internal configurations of the replica
predecoder 92, the replica row decoder 93 and the sense amp
timing generation circuit 94 shown in FIG. 38.

[0237] The replica predecoder 92 includes an inverter 901
and transistors T902 and T903. The inverter 901 corresponds
to the inverter 101 in FIG. 1. The transistor T902 corresponds
to the transistor T102A in FIG. 1 and has substantially the
same characteristics (threshold voltage, W/L ratio, current
capability and the like, for example) as the transistor T102A.
The transistor T903 corresponds to the transistor T103A in
FIG. 1 and has substantially the same characteristics as the
transistor T103A.

[0238] The replica row decoder 93 includes transistors
T931, T932 and T933 and an inverter 934. The transistor
T931 corresponds to the transistor T131 in FIG. 1 and has
substantially the same characteristics as the transistor T131.
The transistor T932 corresponds to the transistor T132 in FIG.
1 and has substantially the same characteristics as the tran-
sistor T132. The transistor T933 and the inverter 934 respec-
tively correspond to the transistor T133 and the inverter 134 in
FIG. 1 and have substantially the same characteristics as the
transistor T133 and the inverter 134.

[0239] The sense amp timing generation circuit 94 includes
delay circuits 908 and 909, and outputs the timing signal SAE
according to a variation of the potential of a connection node
N92.

[0240] <Effect>

[0241] As described above, by separately providing a con-
figuration for generating timing for driving a sense amplifier,
occurrence of signal delay with a logic element can be pre-
vented, and thus the sense amplifier can be operated swiftly.
[0242] To provide a replica predecoder for any other
embodiment (for example, for Embodiment 2 (FIG. 3)), the
replica predecoder 92 may be made to have substantially the
same internal configuration as the predecoder in the embodi-
ment (for example, the predecoder 22A in FIG. 3). To apply
the replica row decoder 93 to Embodiments 7 to 11, the
replica row decoder 93 may be made to have substantially the
same internal configuration as the row decoder 13 shown in
FIG. 19.

[0243] Asshownin FIG. 40, the decoder circuit may further
be provided with a substrate control circuit 95 that outputs a
substrate voltage. The transistor T902 of the replica prede-
coder 92 and the transistor T932 of the replica row decoder 93
receive the control voltage from the substrate control circuit
95 at the substrate. If the substrate control circuit 95 outputs
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a control voltage having a value equal to the lower limit of a
variation of the threshold voltages of the transistors T902 and
T932, the threshold voltages of the transistors T902 and T932
can be reduced. It is therefore possible to replicate the high-
speed charging with the predecoder and the increase of the
charge amount to the line [._0 from the row decoder. Thus,
stable operation against a variation in threshold voltage can
be ensured.

[0244] (Structure of Transistor)

[0245] An exemplary structure of the transistor T132 in the
embodiments described above will be described with refer-
ence to FIGS. 41 and 42. FIGS. 41 and 42 are respectively a
top view and a cross-sectional view of the transistor T132.
The transistor T132 includes a semiconductor substrate 1000,
diffusion layers 10001_1, 1001_2 and 1001_3, gate elec-
trodes 1002_1 and 1002_2, a first-layer line 1003, a second-
layer line 1004, a first-second interlayer via 1005 and a CA
1006. The diffusion layers 10001_1,1001_2 and 1001_3 are
formed in the semiconductor substrate 1000. The gate elec-
trode 1002_1 is formed above the semiconductor substrate
1000 so as to overlap the diffusion layers 1001_1 and 1001_2
at both ends in the width direction. The gate electrode 1002_2
is formed above the semiconductor substrate 1000 so as to
overlap the diffusion layers 1001_2 and 1001_3 at both ends
in the width direction. The first-layer line 1003 is formed
above the diffusion layer 1001_2. The second-layer line 1004
is formed above the first-layer line 1003 and the gate elec-
trodes 1002_1 and 1002_2. The first-second interlayer via
1005 electrically connects the first-layer line 1003 with the
second-layer line 1004. The CA 1006 electrically connects
the diffusion layer 1001_2 with the first-layer line 1003. The
gate electrodes 1002_1 and 1002_2 are connected with each
other via a gate electrode connector 1002_3. In FIG. 41, the
gate electrodes 1002_1 and 1002_2 and the gate electrode
connector 1002_3 are integrated to form a U-shaped gate
electrode.

[0246] The diffusion layers 1001_1, 1001_2 and 1001_3
are formed in the semiconductor substrate 1000 so as to
extend in parallel with one another. The gate electrode
1002_1 extends along the diffusion layers 1001_1 and 1001 _
2, and the gate electrode 1002_2 extends along the diffusion
layers 1001_2 and 1001_3. The first-layer line 1003 is located
between the gate electrodes 1002_1 and 1002_2.

[0247] The length of the first-layer line 1003 is somewhere
between “(gate widthx0.1)/number of gate electrodes
divided” and “(gate widthx1.0)/number of gate electrodes
divided”.

[0248] By adopting such a structure, the diffusion capaci-
tance can be halved, and also the line capacitance can be
reduced. This permits high-speed operation.

[0249] The structure described above can also be adopted
for the transistors other than the transistor T132.

[0250] <Threshold Voltage of Transistor T132>

[0251] The threshold voltage of the transistor T132 in the
embodiments described above will be discussed. For
example, in FIG. 1 (Embodiment 1), if the threshold voltage
of the transistor T132 is extremely small compared with the
threshold voltage of the transistor T102A, the connection
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node N12A will be easily charged via the transistor T102A.
However, a glitch may easily occur in the transistor T132.
This may possibly cause erroneous operation such as multiple
selections in a circuit receiving the drive voltage WL_0. To
avoid such a problem, the threshold voltage of the transistor
T132 may be made higher than the threshold voltage of the
transistor T102A, to suppress occurrence of a glitch in the
transistor T132. In the other embodiments, also, substantially
the same effect can be obtained by setting a high threshold
voltage for the transistor T132.
[0252] Although the predecoder was connected to the line
L_0 in the embodiments described above, one predecoder
may also be connected to each of the other lines[._1,1,_2 and
L_3. In this case, also, substantially the same effect can be
obtained for each line. Also, two or more row decoders may
be provided. In this case, also, substantially the same effect
can be obtained as long as each decode section is connected to
its corresponding line in each of the row decoders.
[0253] As described above, the decoder circuit of the
present invention can ensure stable operation while securing
high-speed operation and low power consumption, and thus is
useful as a decoder circuit for driving word lines, a decoder
circuit having an enable function, and the like.
[0254] While the present invention has been described in
preferred embodiments, it will be apparent to those skilled in
the art that the disclosed invention may be modified in numer-
ous ways and may assume many embodiments other than that
specifically set out and described above. Accordingly, it is
intended by the appended claims to cover all modifications of
the invention which fall within the true spirit and scope of the
invention.
1-29. (canceled)
30. A decoder circuit comprising:
first and second transistors connected in series between a
first reference node and a second reference node;
third and fourth transistors connected between a connec-
tion node between the first and second transistors and the
second reference node;
an inverter having an input terminal which is connected to
the connection node; and
a fifth transistor connected between the second reference
node and the connection node and receiving an output of
the inverter at its gate,
wherein the first transistor is connected between the second
reference node and the second transistor and receives a
first signal at its gate,
the second transistor is connected between the first transis-
tor and the first reference node and receives the first
signal at its gate,
the third transistor is connected between the second refer-
ence node and the fourth transistor and receives a second
signal at its gate,
the fourth transistor is connected between the third transis-
tor and the connection node and receives a third signal at
its gate, and
the first and second transistors are of the different conduc-
tivity type.



