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METHOD AND CIRCUIT FOR
SHORTCIRCUITING DATA TRANSFER
LINES AND SEMICONDUCTOR MEMORY
DEVICE HAVING THE CIRCUIT

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND THE INVENTION

1. Field of the Invention

The present invention generally relates to a method and
circuit for shortcircuiting a pair of data transfer lines of a
semiconductor memory device 1n which complementary
data signals are transmitted over the pair of data transfer
lines 1 order to write data 1n a memory cell array or read
data therefrom.

A DRAM (Dynamic Random Access Memory) device 1s
known as such a semiconductor memory device 1n which
complementary read or write data signals are transmitted
over a pair of transfer lines to which a plurality of rows of
memory cells (such lines are referred to as global data
transfer lines) are connected via local data transfer lines.
Usually, such a pair of global data transfer lines, which
functions as a global data bus, 1s connected together
(shortcircuited) in order to precharge the pair of global data
transfer lines and thus speed up the operation of the device.
It 1s necessary to take 1nto consideration a timing at which
the pair of global data transfer lines 1s released from the
precharged state. This consideration 1s 1mportant particu-
larly for high-speed memory devices such as synchronous
DRAM devices (hereinafter referred to as SDRAM devices)
and asynchronous DRAM devices needed to operate with an
operation cycle of 100 MHz or higher.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a method
and circuit for shortcircuiting a pair of data transfer lines
which makes 1t possible to speed up the read and write
operations of a semiconductor memory device.

This object of the present invention 1s achieved by a
method of controlling data transmaission lines of a semicon-
ductor memory device which has a first pair of data trans-
mission lines to which a sense amplifier and memory cells
are connected, and a second pair of data transmission lines
to which a read circuit and a write circuit are connected at
an end of the second pair of the data transmission lines,
which 1s connected to the first pair of data transmaission lines
via a column gate, the method comprising: a) shortcircuiting
the second pair of data transmission lines for a first period
when a read operation is carried out; and b) shortcircuiting
the second pair of data transmission lines for a second period
when a write operation 1s carried out, the second period
being shorter than the first period.

The above object of the present invention 1s also achieved
by a semiconductor device comprising: memory cells; a
sense amplifier; a first pair of data transmission lines to
which the sense amplifier and memory cells are connected;
a second pair of data transmission lines to which a read
circuit and a write circuit are connected at an end of the
second pair of the data transmission lines, which 1s con-
nected to the first pair of data transmission lines via a
column gate; a shortcircuiting element which can shortcir-
cuit the second pair of data transmission lines; and a first
control circuit which controls the shortcircuiting element so
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that the second pair of data transmission lines i1s shortcir-
cuited for a first period when a read operation 1s carried out,
and the second pair of data transmission lines 1s shortcir-
cuited for a second period when a write operation 1s carried
out, the second period being shorter than the first period.

The second pair of data transmission lines may comprise:
a third pair of data transmission lines to which the first pair
of data transmission lines 1s connected; and a fourth pair of
data transmission lines to which the read circuit and the
write circuit are connected, the fourth part of data transmis-
sion lines being coupled to the third pair of data transmaission
lines via a switch circuit.

The semiconductor device may further comprise a pre-
charging circuit which supplies a precharge voltage to the
second pair of data transmission lines.

The precharging circuit may supply the precharge voltage
to the second pair of data transmission lines while the second
pair of data transmission lines 1s being shortcircuited, and
does not supply the precharge voltage thereto when the
second pair of data transmission lines 1s not shortcircuited.

The first control circuit may control the shortcircuiting,
clement so that a timing at which the second pair of data
transmission lines 1s shortcircuited substantially coincides
with a first signal defining an operation timing 1n the read
and write operations, and a timing at which the second pair
of data transmission lines 1s released from a shortcircuited
state 1n the write operation 1s earlier, with respect to the first
signal, than a timing at which the second pair of data
transmission lines 1s released from the shortcircuited state 1n
the read operation.

The first control circuit may control the shortcircuiting,
clement so that the second pair of data transmission lines 1s
released from a shortcircuited state 1n the read operation
after the second pair of data transmission lines 1s precharged
to the precharge voltage.

The first control circuit may control the shortcircuiting
clement so that the second pair of data transmission lines 1s
released from a shortcircuited state in the write operation
before the second pair of data transmission lines 1s pre-
charged to the precharge voltage.

The write circuit may have a driving capability of setting,
the second pair of data transmission lines to the precharge
voltage faster than the precharging circuit precharges the
second pair of data transmission lines to the precharge
voltage when the write circuit inverts complementary sig-
nals on the second pair of data transmission lines.

The first control circuit may comprise: a second control
circuit which controls timings at which the second pair of
data transmission lines 1s shortcircuited and released from a
shortcircuited state 1in the write operation; a third control
circuit which controls timings at which the second pair of
data transmission lines 1s shortcircuited and released from
the shortcircuited state 1n the read operation; and a fourth
control circuit which controls a timing at which the short-
circuiting element shortcircuits the second pair of data

fransmission lines on the basis of output signals of the
second and third control circuits.

The second control circuit may comprise a first NAND
circuit which performs a NAND operation on a first signal
defining an operation timing and a second signal indicating
whether an operation mode of the semiconductor memory
device 1s the write operation or the read operation. The third

control circuit may comprise a first delay circuit delaying the
first

signal, and a second NAND circuit performing a NAND
operation on an output signal of the first delay circuit and the
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first signal. The fourth control circuit may comprise a third
NAND circuit performing a NAND operation on an output
signal of the second control circuit and an output Signal of
the third control circuit, and a first mverting delay circuit
which inverts and delays an output signal of the third NAND

circuit.

The first signal may be a signal synchronized with an
external clock applied to the semiconductor memory device.

The semiconductor memory device may further comprise
a second control circuit which controls enabling of the write
circuit which outputs data to the second pair of data trans-
mission lines at almost the same time as the second pair of
data transmission lines 1s released from a shortcircuited
state.

The second control circuit may control the write circuit on
the basis of a first signal defining an operation timing and a
second signal indicating whether an operation mode of the
semiconductor memory device 1s the write operation or the
read operation.

The second control circuit may comprise: a first inverting,
circuit which inverts the first signal; a second inverting
circuit which mverts the second signal; a first NOR circuit
which performs a NOR operation on output signals of the
first and second 1nverting circuits; and a first delay circuit
which delays an output signal of the first NOR circuit.

The semiconductor memory device may further comprise
a second control circuit which controls enabling of the write
circuit on the basis of a first signal defining an operation
fiming and a second signal indicating whether an operation
mode of the semiconductor memory device 1s the write
operation or the read operation.

The second control circuit may comprise: a first inverting
circuit which inverts the first signal; a first NOR circuit
which performs a NOR operation on an output signal of the
first inverting circuit and the second signal; and a first delay
circuit which delays an output signal of the first NOR circuit.

The semiconductor memory device may further comprise
a second control circuit which delays the first signal to
ogenerate a third signal used to control timings at which the
column gate 1s selected and released from a selected state at
respective timings which are common to the read operation
and the write operation.

The semiconductor memory device may further comprise:
a second control circuit which controls timings at which a
column 1s selected and released from a selected state 1n the
read and write operations; and a third control circuit which
controls timings at which the column gate 1s selected and
released from the selected state, wherein the timing at which
the column gate 1s selected 1n the write operation lags behind
the timing at which the column gate 1s selected in the read
operation, and the timing at which the column gate 1is
released from the selected state 1 the read operation sub-
stantially comcides with the timing at which the column gate
1s released from the selected state in the write operation.

The second control circuit may comprise: a first invention
circuit which mverts a first signal defining an operation
fiming; a first mverting delay circuit which inverts and
delays an output signal of the first inverting circuit; a first
NAND circuit which performs a NAND operation on a
second signal indicating whether an operation mode of the
semiconductor memory device 1s the write operation or the
read operation and an output signal of the first inverting
circuit; and a first delay circuit delays an output signal of the
first NAND circuit. The third control circuit may comprise:
a second NAND circuit which performs a NAND operation
on an output signal of the first inverting delay circuit and an
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output signal of the first delay circuit; and a second mverting
circuit which inverts an output signal of the second NAND
circuit.

The semiconductor memory device may further comprise:
a second control circuit which controls timings at which a
column 1s selected and released from a selected state 1n the
read operation; a third control circuit which controls timing
at which a column 1s selected and released from the selected
state 1n the write operation; a fourth control circuit which
ogenerates, from output signals of the second and third
control circuits, a third signal which controls timings at
which the column gate 1s selected and released from the
selected state; and a fifth control circuit which controls the
second control circuit. The timings at which the column gate
1s selected and released from the selected state in the write
operation lag behind the timings at which the column gate 1s
selected and released from the selected state in the read
operation.

The second control circuit may comprise: a first inverting
circuit which inverts a first signal defining an operation
timing; a first NAND circuit which performs a NAND
operation on an output signal of the first inverting circuit and
an output signal of the fifth control circuit; and a first delay
circuit which delays an output signal of the first NAND
circuit. The third control circuit may comprise: a second
NAND circuit which performs a NAND operation on a
second signal indicating whether an operation mode of the
semiconductor memory device 1s the write operation or the
read operation and an output signal of the first mverting
circuit; and a second delay circuit which delays an output
signal of the second NAND circuit. The fourth control
circuit may comprise: a third NAND circuit which performs
a NAND operation on output signals of the second and third
control circuits; and a second inverting circuit which 1nverts
an output signal of the third NAND circuits. The fifth control
circuits may comprise: a third delay circuit which delays the
second signal; and a fourth NAND circuit which performs a
NAND operation on an output signal of the third delay
circuit and the second signal.

BRIEF DESCRIPITION OF THE DRAWINGS

Other objects, features and advantages of the present
invention will become more apparent from the following
detailed description when read in conjunction with the
accompanying drawings, in which:

FIG. 1 1s a block diagram of a SDRAM device related to
the present invention;

FIG. 2 15 a circuit diagram of a memory cell shown in FIG.
1;

FIG. 3 1s a circuit diagram of a sense amplifier shown 1n
FIG. 1;

FIG. 4 15 a circuit diagram of column gates shown 1n FIG.
1;

FIG. § 1s a circuit diagram of a sense bufier 40 shown 1n
FIG. 1;

FIG. 6 1s a circuit diagram of a write amplifier shown 1n
FIG. 1;

FIGS. 7A and 7B are waveform diagrams of a read
operation of the SDRAM device shown 1n FIG. 1;

FIGS. 8A and 8B are waveform diagrams of a write
operation of the SDRAM device shown in FIG. 1;

FIG. 9 1s a block diagram of a SDRAM device according
to embodiments of the present mnvention;

FIG. 10 1s a block diagram of a control circuit shown 1n
FIG. 9;
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FIGS. 11A and 11B are waveform diagrams of an opera-
tion of the SDRAM device according to a first embodiment
of the present invention;

FIGS. 12A, 12B, 12C, 12D and 12E are waveform
diagrams of the results of a stmulation of the operation of the
SDRAM device according to the first embodiment of the
present mvention;

FIG. 13 1s a block diagram of a control circuit provided

in an SDRAM device according to a second embodiment of
the present invention;

FIGS. 14A and 14B are waveform diagrams of an opera-
tion of the second embodiment of the present invention;

FIG. 15 1s a block diagram of a control circuit provided
in an SDRAM device according to a third embodiment of the
present mvention; and

FIGS. 16A and 16B are waveform diagrams of an opera-
tion of the third embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In order to facilitate understanding of the present
invention, a description will first be given of related art of
the present invention.

FIG. 1 1s a block diagram of an SDRAM device. The
SDRAM device includes a chip main body 1 on which a
plurality of memory cell areas 2 through § are formed. A
block depicted by a two-dot chained line 1s an enlargement
of the memory cell area 2 and part of a peripheral circuit of
the memory cell area 2. The memory cell area 2 mncludes a
memory cell array 6, which includes memory cells 7-10,

word lines WLO and WL1 for selecting memory cells 7-10,
and pair of bit lines BLLO and /BL0, and BL1 and /BL1.

FIG. 2 1s a circuit diagram of the memory cell 7. The
memory cell 7 includes a cell capacitor 12 and a cell
transistor 13. The cell capacitor 12 functions to store data.
The cell transistor 13 1s turned ON/OFF by controlling the
word line WL so that the charging and discharging of the
cell capacitor 12 can be controlled. A cell plate voltage VCP
1s applied to one end of the cell capacitor 12. The other
memory cells 8—10 are configured 1n the same manner as the
memory cell 7.

Turning now to FIG. 1, the SDRAM device includes a
row 15 of sense amplifiers (S/A), each of which amplifies
the difference between the potentials of the corresponding
pair of bit lines. A sense amplifier 16 1s provided to a pair of

bit lines BLLO and /BL0, and a sense amplifier 17 1s provided
to a pair of bit lines BLL1 and /BL1.

FIG. 3 1s a circuit diagram of the sense amplifier 16,
which includes pMOS (p-channel MOS) transistors 19 and
20, and nMOS (n-channel MOS) transistors, all of which
transistors perform the amplifying operation of the sense
amplifier. The pMOS transistors 19 and 20 perform the
pull-up operation, and the nMOS ftransistors 21 and 22
perform the pull-down operation. Further, the sense ampli-
fier 16 includes a pMOS transistor 23 and an nMOS ftran-
sistor 24. The pMOS transistor 23 1s turned ON and OFF 1n
response to a sense amplifier activating signal /SAE. The
nMOS transistor 24 1s turned ON and OFF 1n response to a
sense amplifier activating signal SAE. The pMOS transistor
23 1s connected to a VCC power supply line VCC, and the
nMOS transistor 24 1s connected to a VSS ground line VSS.

Turning to FIG. 1 again, the sense amplifier includes a
row 26 of column gates (CG) for selecting the columns. A
column gate 27 1s provided to the pair of bit lines BL and
/BL0, and a column gate 28 1s provided to the pair of bit
lines BLL1 and /BL1.
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FIG. 4 15 a circuit diagram of the column gates 27 and 28
shown 1n FIG. 1. The column gate 27 includes nMOS
transistors 30 and 31 controlled by a column selecting signal
CLO. The column gate 28 includes nMOS transistors 32 and
33 controlled by a column selecting signal CL1. The column
cgates 27 and 28 are connected to a pair of local data bus lines
L.LDB and /LDB (local data transfer lines), which are com-

monly provided to other column gates as shown 1n FIG. 1.
As shown 1n FIG. 1, the local data bus lines LDB and /LDB
are respectively connected to global data bus lines GDB and
/GDB through a data bus switch 35. A data bus switch signal
DSL 1s applied to the data bus switch 35, which includes
nMOS ftransistors 36 and 37. An nMOS transistor 39 con-
trolled by a shortcircuiting (precharging) signal SH is pro-
vided between the global data bus lines GDB and /GDB,
which are commonly provided to other pairs of local data
bus lines. Hereinafter, the nMOS transistor 39 1s referred to
as a precharging transistor.

A sense buffer (S/B) 40, which is connected to the pair of
olobal data bus lines GDB and /GDB, senses the potential
difference therebetween and outputs read data DO. A write
amplifier (W/A) 41 drives the pair of global data bus lines
GDB and /GDB 1n response to write data DI. The precharg-
ing transistor 39 1s disposed close to the mput terminals of
the sense bufler 40, in other words, the output terminals of
the write amplifier 41.

FIG. 5 1s a circuit diagram of the sense buffer 40. The
sense bufler 40 includes a precharge circuit 43, which
precharges the global data bus lines GDB and /GDB to a
precharge voltage VP lower than the power supply voltage
VCC. The precharge circuit 43 includes nMOS transistors
44 and 45 controlled by a precharge signal PC. When the
circuit parts relating to the column operate, the precharge
signal PC 1s fixed to the power supply voltage VCC.

The sense buffer 40 includes current-mirror amplifier
circuits 46 and 47. The current-mirror amplifier circuit 46
includes pMOS transistors 48 and 49 functioning as input
transistors, nMOS transistors 50 and 51 connected 1n
current-mirror formation, a pMOS transistor 52 enabling
and disabling the current-mirror circuit 46, and an nMOS
transistor 533 enabling and disabling the circuit 46. The
current-mirror amplifier circuit 47 includes pMOS transis-
tors 54 and 55 functioning as input transistors, nMOS
transistors 56 and 57 connected 1n current-mirror formation,
a pMOS ftransistor 38 enabling and disabling the circuit 47,

and an nMOS transistor 39 enabling and disabling the circuit
47.

The sense buffer 40 includes NOR circuits 60 and 61,
which form a flip-flop circuit, and an mverter 62 which
inverts the output signal of the NOR circuit 60. A symbol RE
denotes a read enable signal which 1nstructs a read opera-
tion. A 1nverter 63 1nverts the read enable signal RE. The
read enable signal RE 1s high when the read operation 1is
instructed, and 1s low when the write operation 1s 1nstructed.

The sense bufler 40 includes a NOR circuit 64, an inverter
65, and an nMOS ftransistor 66. The NOR circuit 64 per-
forms a NOR operation on the output signal of the NOR
circuit 64 and the output signal of the inverter 63. The
mverter 65 1nverts the output signal of the NOR circuit 64.
The nMOS transistor 66 1s turned ON and OFF 1n response
to the output signal of the mnverter 65. The pMOS transistor
58 and the nMOS ftransistor 59 are also turned ON and OFF

in response to the output signal of the inverter 65.

The sense buffer 40 includes a NOR circuit 67, an inverter
68, and an nMOS transistor 69. The NOR circuit 67 per-
forms a NOR operation on the output signal of the NOR
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circuit 60 and the output signal of the mverter 63. The
inverter 68 1nverts the output signal of the NOR circuit 67.
The nMOS transistor 69 1s turned ON and OFF 1n response
to the output signal of the inverter 68. The pMOS transistor
52 and the nMOS transistor 33 are also turned ON and OFF

in response to the output signal of the inverter 68.

When data on the global data bus lines GDB and /GDB 1s
inverted at the time of reading, one of the current-mirror
amplifier circuits 46 and 47 operates so that the read data DO
1s settled. Then, the current-mirror amplifier circuit which
operates 1n the above process 1s disabled, while the other
current-mirror amplifier circuit 1s enabled. In the above way,
the sense bufler 40 1s set to a standby mode ready to process
a next data inversion occurring on the global data bus lines
GDB and /GDB. That 1s, when the read data DO 1s alter-
nately changed as indicated by “17-—“07-—=“1"->“0", the
current-mirror amplifier circuits 46 and 47 of the sense
buffer 40 are alternately enabled one by one, so that a delay
In accessing can be avoided.

FIG. 6 1s a circuit diagram of the write amplifier 41, which
includes inverters 71 and 72, which respectively inverts the
write date DI. Further, the write amplifier 41 includes an
inverter 73, which inverts the output signal of the mverter
71. A symbol “WE” 1s a write enable signal instructs the
write operation. More particularly, the write enable signal
WE 1s high when the write operation 1s instructed, and 1s low
when the read operation 1s instructed. The write amplifier 41
includes an mverter 74, and transfer gates 75 and 76. The
inverter 74 mverts the write enable signal WE. The transfer
gate 75 includes a PMOS ftransistor 75A and an nMOS
transistor 75B. The transfer gate 76 includes a pMOS
transistor 76 A and an nMOS transistor 76 B. When the write
enable signal WE 1s set to the high level, the transfer gates
75 and 76 arc turned ON and enabled. When the write enable
signal WE 1s set to the low level, the transfer gates 75 and
76 arc turned OFF and disabled.

In the read operation of the SDRAM device, each of the
sense amplifiers including the amplifiers 16 and 17 shown 1n
FIG. 1 amplifies the potential difference between the corre-
sponding pair of bit lines, the potential difference resulting
from discharging of the selected memory cell. Then, the pair
of bit lines of the selected column 1s connected to the pair of
local data bus lines LDB and /LD B, and the selected pair of
local data bus lines LDB and /LLDB 1s connected to the pair
of global data bus lines GDB and /GDB. In the above way,
the data read from the selected memory cell 1s transferred,
as complementary data signals, to the sense buifer 40

through the sense amplifier, the local data bus lines LDB and
/LDB and the global data bus lines GDB and /GDB.

FIGS. 7A and 7B are waveform diagrams of an example
of the read operation, 1n which outputting of “0” from the
sense amplifier 16 and outputting of “1” from the sense
amplifier are repeatedly performed. More particularly, FIG.
7A shows a voltage waveform of an external clock CLK
supplied from an outside of the SDRAM device, voltage
waveforms of the column selecting signals CLO and CL1,
and a voltage waveform of the shortcircuiting signal SH.
FIG. 7B shows a voltage waveform of the external clock
CLK, variations 1n the potentials of the bit lines BL0, /BLO,
BL1 and /BL1, variations in the potentials of the local data

bus lines LDB and /LDB, and variations in the potentials of
the global data bus lines GDB and /GDB.

It can be seen from FIGS. 7A and 7B that high-speed read

operation can be realized in which the read operation is
continuously performed and data transfers of a small ampli-
tude 1s carried out. When the read operation 1s performed
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once, the precharging transistor 39 1s turned ON to thereby
shortcircuit the global data bus lines GDB and /GDB 1n
order to prevent a delay 1n the read operation 1n the next
cycle. Hence, the global data bus lines GDB and /GDB as
well as the selected local data bus lines LDB and /LLDB are

precharged to the precharge voltage VP.

In the write operation, the write data DI 1s translated into
the complementary data signals by means of the write
amplifier 41, which signals are transferred to the sense
amplifier of the selected column via the global data bus lines
GDB and /GDB and the selected local data bus lines LDB
and /LDB. Then, the write data DI 1s finally written into the
selected cell via the corresponding pair of bit lines.

FIGS. 8A and 8B are waveform diagrams of an example
of the write operation of the SDRAM device, and shows an
operation 1n which, 1n a case where the sense amplifiers 16
and 17 respectively sense “0” and “17, (1) “1” is transferred
to the sense amplifier 16, (2) “0” is then transferred to the
sense amplifier 17, (3) “17 is transferred to the sense
amplifier 16, and (4) “0” is transferred to the sense amplifier
17. More particularly, F1IG. 8 A shows a voltage waveform of
the external clock CLK, voltage waveforms of the column
selecting signals CLO and CL1, and a voltage waveform of
the shortcircuiting signal SH. FIG. 8B shows a voltage
waveform of the external clock CLK, variations in the
potentials of the global data bus lines GDB and /GDB,
variations in the voltages of the local data bus lines LDB and
/LDB, and variations in the voltages of the bit lines BLO,
/BLO, BLL1 and /BL1.

The greater the potential difference between the comple-
mentary data signals to be output to the global data bus lines
GDB and /GDB from the write amplifier 41, the higher the
write operation can be performed. When the write operation
1s performed once, the precharging transistor 39 1s turned
ON, as 1n the case of the read operation, 1n order to avoid the
write operation 1n the next cycle from being prevented.
Hence, the global data bus lines GDB and /GDB are
shortcircuited, so that the global data bus lines GDB and

/GDB and the local data bus lines LDB and /LDB are
precharged to the precharged voltage VP.

The following means may contribute to reducing the
operation cycle and speeding up of the operation of the
above SDRAM device. That 1s, when taking into account the
driving capability of the sense amplifier, 1t 1s necessary to
completely precharge, at the time of reading data, the local
data bus lines LDB and /DB and the global data bus lines
GDB and /GDB to the precharge voltage VP and then
transfer data ensured by the sense amplifier to the local data

buses LDB and /LLDB.

In the SDRAM device, as shown 1in FIGS. 7A, 7B, 8A and
8B, the timing at which the global data bus lines GDB and
/GDB are shortcircuited to precharge them i1s made to
coincide with the shortcircuiting period. Hence, 1t 1s neces-
sary to determine the period of shortcircuiting the global
data bus lines GDB and /GDB on the basis of the data read
timing. However, 1f the period for shortcircuiting 1s deter-
mined 1n the above way, when writing data, the global data
bus lines GDB and /GDB are shortcircuited before the
complementary data signals output to the global data bus
lines GDB and /GDB from the write amplifier 41 have a
suflicient potential difference. This prevents speeding up of
the read and write operations.

In the read operation of the above SDRAM device, data

1s transferred via the selected sense amplifier, the selected
local data bus lines LDB and /LLDB, the global data bus lines

GDB and /GDB, and the sense butfer 40 1n this order. In the
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write operation, data 1s transferred via the write amplifier 41,
the global data bus lines GDB and /GDB, the selected local

data bus lines LDB and /LLDB and the selected sense
amplifier 1n this order.

The precharging transistor 39 is disposed so as to short-
circuit the global data bus lines GDB and /GDB at a position
close to the mnput terminals of the sense builer 40, that 1s, the
output terminals of the write amplifier 41. That 1s, the
precharging transistor 39 1s located at a position far from the
sense amplifier which 1s a driver for transterring data in the
read operation, and 1s located at a position close to the write
amplifier which 1s a driver for transferring data in the write
operation.

The 1inventors took 1nto consideration the above and found
the following fact through the research and experiments.
When the operation cycle 1s made short, the read operation
can be performed at a higher speed by sufliciently perform-
ing the shortcircuiting operation on the global data bus lines
GDB and /GDB and then performing the data transfer
operation. On the other hand, the write operation can be
performed at a higher speed by releasing the global data bus
lines GDB and /GDB from the shortcircuited state before
these lines are sufliciently shortcircuited and then 1nverting
data on the global data bus lines GDB and /GDB and the
selected local data bus lines LDB and /LDB due to the

driving capability of the write amplifier 41 itself.

The present invention 1s based on the above fact found by
the 1nventors. More particularly, the present invention 1is
directed to a method and circuit for shortcircuiting global
data transfer lines of a semiconductor memory device 1n
which complementary data signals are transmitted over the
transfer lines 1n order to write data in a memory cell array
or read data therefrom. Further, the present invention 1is
directed to a semiconductor memory device having such a
circuit.

A description will be given of embodiments of the present
invention which are SDRAM devices including a circuit for
shortcircuiting data transfer lines.

FIG. 9 1s a block diagram of a first embodiment of the
present invention. In FIG. 9, parts that are the same as those
previously described are given the same reference numbers.
The SDRAM device shown 1n FIG. 9 has a chip main body
80 having memory cell arcas 81-84. A block depicted by a
two-dot chained line 1s an enlarged portion of the memory
cell area 81 and part of a peripheral circuit of the area 81.

The memory cell arcas 81-84 have the same circuit
configuration as the memory cell areas 2—5 shown 1n FIG. 1.
An essential feature of the first embodiment of the present
invention 1s to have a control circuit 85.

FIG. 10 1s a block diagram of a structure of the control
circuit 85. A write/read indication signal W/R and a timing
signal IN are applied to the control circuit 85. The write/read
indication signal W/R 1ndicates whether the write operation
or the read operation 1s now 1n progress. The timing signal
IN 1s synchronized with the external clock signal CLK
supplied from the outside of the SDRAM device. The
control circuit 85 includes mnverters 87 and 88 connected 1n
serics. The control circuit 85 includes a write enable con-
troller 89, a read enable controller 95, a write-time short-
circuiting controller 100, a read-time shortcircuiting con-

troller 102, a shortcircuiting controller 106, and a column
controller 111.

The write enabling controller 89 outputs the write enable
signal WE to control the enabling/disabling of the write
amplifier 41. The controller 89 includes mverters 90, 91, 93
and 94, and a NOR circuit 92. The inverter 90 inverts the

10

15

20

25

30

35

40

45

50

55

60

65

10

write/read indication signal W/R. The inverter 91 mverts the
output signal of the inverter 88. The NOR circuit 92 per-
forms a NOR operation on the output signals of the inverters
90 and 91. The 1nverter 93 1nverts the output signal of the
NOR circuit 92. The inverter 94 inverts the output signal of
the mverter 93, and outputs the write enable signal WE. The
mverters 93 and 94 function as a delay circuit.

The read enabling controller 95 outputs the read enable
signal RE to control the enabling/disabling of the sense
buffer 40. The controller 95 includes inverters 96, 98 and 99
and a NOR circuit 97. The inverter 96 inverts the output
signal of the inverter 88. The NOR circuit 97 performs a
NOR operation on the write/read 1ndication signal W/R and
the output signal of the NOR circuit 96. The inverter 98
inverts the output signal of the NOR circuit 97. The inverter
99 1verts the output signal of the inverter 98 to thereby
cgenerate the read enable signal RE. The inverters 98 and 99
function as a delay circuit.

The write-time shortcircuiting controller 100 controls the
timing at which the global data bus lines GDB and /GDB are
shortcircuited at the time of writing data. The controller 100
includes a NAND circuit, which performs a NAND opera-
tion on the write/read indication signal W/R and the output
signal of the mverter 88.

The read-time shortcircuiting controller 102 controls the
timing at which the global data bus lines GDB and /GDB are
shortcircuited at the time of reading data. The controller 102
includes mverters 103 and 104, and a NAND circuit 1085.
The inverter 103 1inverts the output signal of the inverter 88.
The mverter 104 inverts the output signal of the inverter 103.
The NAND circuit 105 performs a NAND operation on the
output signal of the iverter 88 and the output signal of the
inverter 104. The inverters 103 and 104 function as a delay
circuit.

The shortcircuiting controller 106 outputs the shortcir-
cuiting signal SH to control the ON/OFF of the precharge
transistor 39. The controller 106 includes a NAND circuit
107 and mverters 108—110. The NAND circuit 107 performs
a NAND operation on an output signal S100 of the write-
time shortcircuiting controller 100 and an output signal S102
of the read-time shortcircuiting controller 012. The inverter
108 mverts the output signal of the NAND circuit 107. The
inverter 109 mverts the output signal of the inverter 108. The
inverter 110 mverts the output signal of the inverter 109 to
thereby generate the shortcircuiting signal SH. The 1nverters
108, 109 and 110 form an inverted delay circuit.

The column controller 111 outputs the column control
signal CL to control the timing at which one column 1is
selected. The controller 111 includes inverters 112, 113, 116
and 117, and NAND circuits 114 and 115. The mverter 112
inverts the output signal of the inverter 88. The imnverter 113
inverts the output signal of the imverter 112. The NAND
circuit 114 functions to inverts the output signal of the
iverter 113. The NAND circuit 115 functions to mnvert the
output signal of the NAND circuit 114. The inverter 116
inverts the output of the NAND circuit 115. The inverter 117
inverts the output signal of the inverter 117 and output the
column control signal CL.

FIGS. 11A and 11B are waveform diagrams of the opera-
tion of the first embodiment of the present invention. More
particularly, FIG. 11 A shows a read operation, and FIG. 11B
shows a write operation.

In the read operation, the write/read indication signal W/R
1s set to the low level. In this case, when the timing signal
IN 1s low, the write enabling controller 89 operates as
follows. The output signal of the inverter 90 1s high, and the
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output signal of the inverter 91 1s high. The output signal of
the NOR circuit 92 1s low, and the output signal of the
inverter 93 1s high. Hence, the write enable signal WE 1s low,
and the write amplifier 41 is in the disabled (inactive) state.
In the read enabling controller 95, the output signal of the
mverter 96 1s high, and the output signal of the NOR circuit
97 1s low. The output signal of the mverter 98 1s high and
thus the read enable signal RE are low. Hence, the sense
buffer 40 1s 1n the disabled state.

The output signal S100 of the write-time shortcircuiting,
controller 100 becomes high. In the read-time shortcircuit-
ing controller 102, the output signal of the mnverter 103 1s
high and the output signal of the mverter 104 1s low. Hence,
the output signal S102 of the read-time shortcircuiting
controller 102 1s high. Hence, 1n the shortcircuiting control-
ler 106, the output signal of the NAND circuit 107 1s low,
and the output signal of the inverter 108 1s high. Further, the
output signal of the inverter 109 1s low. Thus, the shortcir-
cuiting signal SH 1s high and the precharging transistor 39
1s turned ON and the global data bus lines GDB and /GDB

are set to the shortcircuited state.

In the column controller 111, the output signal of the
inverter 112 1s high, and the output signal of the inverter 113
1s low. The output signal of the NAND circuit 114 1s high,
and the output signal of the NAND circuit 115 1s low. The
output signal of the mverter 116 1s high, and thus the column
control signal CL 1s low. Hence, the column i1s 1n the
non-selected state.

If the timing signal IN becomes high from the above
non-selected state, the write enabling controller 89 operates
as follows. The output signal of the inverter 91 1s low, while
the output signal of the mverter 90 1s high, and the output
signal of the NOR circuit 92 1s low. Further, the output signal
of the mnverter 93 1s high, and hence the write enable signal
WL 1s maintained at the low level. As a result, the disabled
state of o the write amplifier 41 1s maintained.

In the read enabling controller 95, the output signal of the
mverter 96 1s low, and the output signal of the NOR circuit
97 1s high. The output signal of the inverter 98 1s low, and
the read enable signal RE 1s high. Hence, the sense buiter 40
1s switched to the enabled state.

The output signal S100 of the write-time shortcircuiting,
controller 100 1s maintained at the high level. In the read-
time shortcircuiting controller 102, the output signal of the
inverter 103 becomes low and the output signal of the
inverter 104 becomes high. Hence, the output signal S102 of
the read-time shortcircuiting controller 102 becomes low.
Hence, in the shortcircuiting controller 106, output signal of
the NAND circuit 107 1s high, and the output level of the
inverter 108 1s low. The output of the inverter 109 1s high,
and shortcircuiting signal SH 1s switched to the low level.
Hence, the precharging transistor 39 1s turned OFF, and the

olobal data bus lines GDB and /GDB are released from the
shortcircuited state.

In the column controller 111, the output signal of the
inverter 112 1s low, and the output signal of the mnverter 113
1s high. The output signal of the NAND circuit 114 1s low,
and the output signal of the NAND circuit 115 1s high. The
output signal of the inverter 116 1s low, and the column
control signal CL 1s high. Hence, the column 1s selected.

The timing at which the shortcircuiting signal SH falls to
the other levels 1s determined by the total of the delay times
of the read-time shortcircuiting controller 102 and the short-
circuiting controller 106. The timing at which the level of the
column control signal CL 1s determined by the delay time of
the column controller 111. The total of the delay times of the
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read-time shortcircuiting controller 102 and the shortcircuit-
ing controller 106 1s approximately equal to the delay time
of the column controller 111. Hence, the timing at which the
level of the shortcircuiting signal SH substantially coincides
with the timing at which the column control signal CL rises
from the current level to the other level.

In the first embodiment of the present invention, the total
of the delay times of the read-time shortcircuiting controller
102 and the shortcircuiting controller 106 1s determined so
that the releasing of the global data bus lines GDB and /GDB
from the shortcircuited state 1s carried out after the global
data bus lines GDB and /GDB and the selected local data bus
lines LDB and /LDB are precharged to the precharged
voltage VP. Thereafter, when the timing signal IN switches
to the low level, the output signal of only the inverter 91 is
inverted to the high level in the write enabling controller 89.
That 1s, the output signals of the mverters 90 and 93 are
maintained at the high level, and the output signal of the
NOR circuit 92 and the write enable signal WE are main-
tained at the low level. Hence, the write amplifier 41 1is
maintained 1n the disabled state.

On the other hand, 1n the read activating controller 95, the
output signal of the inverter 96 1s high, and the output signal
of the NOR circuit 97 1s low. The output signal of the
mverter 98 1s high, and the read enable signal RE 1s low.
Hence, the sense buffer 40 1s switched to the disabled state.

The output signal S100 of the write-time shortcircuiting
controller 100 1s maintained at the high level, while the
output signal S102 of the read-time shortcircuit controller
102 1s switched to the high level. Hence, the shortcircuiting
controller 106 operates as follows. The output signal of the
NAND circuit 107 1s low, and the output signal of the
mverter 108 1s high. The output signal of the imnverter 109 1s
low, and the shortcircuiting signal SH 1s high. Hence, the
shortcircuiting transistor 39 1s turned ON and the global data
bus lines GDB and /GDB are thus shortcircuited and pre-
charged.

In the column controller 111, the output signal of the
iverter 112 1s high, and the output signal of the inverter 113
1s low. The output signal of the NAND circuit 1143 1s high,
and the output signal of the NAND circuit 115 1s low. The
output signal of the inverter 116 1s high, and the column
control signal CL 1s low. Hence, the selection of the column
1s terminated. The timing at which the level of the shortcir-
cuiting signal SH increases substantially coincides with the
timing at which the level of the column control signal CL
decreases.

A description will now be given of the write operation of
the first embodiment of the present invention.

In the write operation, the write/read indication signal
W/R 1s switched to the high level.

In this case, when the timing signal IN 1s low, the write
enabling controller 89 operates as follows. The output signal
of the mnverter 90 1s low, and the output signal of the inverter
91 1s high. The output signal of the NOR circuit 92 1s low,
and the output signal of the mverter 93 1s high. Thus, the
write enable signal WE 1s switched to the low level, and the
write amplifier 41 1s set to the disabled state.

In the read enabling controller 95, the output signal of the
inverter 96 1s low, and the output signal of the NOR circuit
97 1s low. The output signal of the inverter 98 1s high, and
the read enable signal RE 1s low. Hence, the sense butfer 40
1s set to the disabled state.

The output signal S100 of the write-time shortcircuit
controller 100 1s switched to the high level. In the read-time
shortcircuiting controller 102, the output signal of the
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inverter 103 1s high, and the output signal of the inverter 104
1s low. Hence, the output signal S102 of the read-time
shortcircuiting controller 102 1s switched to the high level.
Hence, 1n the shortcircuiting controller 106, the output
signal of the NAND circuit 107 1s low, and the output signal
of the 1inverter 108 1s high. The output signal of the inverter
109 1s low, and the shortcircuiting signal SH 1s high. Hence,
the precharging transistor 39 1s turned ON, and the global
data bus lines GDB and /GDB are thus set to the shortcir-
cuited state.

In the column controller 111, the output signal of the
inverter 112 1s high, and the output signal of the inverter 113
1s low. The output signal of the NAND circuit 114 1s high,
and the output signal of the NAND circuit 115 1s low. The
output signal of the inverter 116 1s high, and the column

control signal CL 1s low. Hence, the column is switched to
the disabled state.

When the timing signal IN becomes high from the above
disabled state, the write enabling controller 89 operates as
follows. The output signal of the inverter 91 1s low, and the
output signal of the NOR circuit 92 1s high. The output
signal of the mverter 93 1s low, and the write enable signal
WE 1s high. Hence, the write amplifier 41 1s set to the
enabled state.

The read enabling controller 95 operates as follows.
Although the output signal of the mverter 96 1s low, the
write/read 1ndication signal W/R 1s maintained at the high
level. Hence, the output signal of the NOR circuit 97 1s low,
and the output signal of the inverter 98 1s high. Thus, the
read enable signal RE 1s maintained at the low level, and the
disabled state of the sense buifer 40 1s continuously held.

The output signal S100 of the write-time shortcircuiting,
controller 100 1s switched to the low level. Hence, 1n the
shortcircuiting controller 106, the output signal of the
NAND circuit 107 1s high, and the output signal of the
inverter 108 1s low. The output signal of the mverter 109 1s
high, and the shortcircuiting signal SH 1s low. Hence, the
shortcircuiting transistor 39 i1s turned OFF, and the global

data bus lines GDB and /GDB are released from the short-
circuited state.

In the read-time shortcircuiting controller 102, the output
signal of the inverter 103 1s switched to the low level and the
output signal of the inverter 104 1s switched to the high level.
Hence, the output signal S102 of the read-time shortcircuit-
ing controller 102 1s switched to the low level.

In the column controller 111, the output signal of the
inverter 112 1s low, and the output signal of the mnverter 113
1s high. The output signal of the NAND circuit 114 1s low,
and the output signal of the NAND circuit 115 1s high. The
output signal of the inverter 116 1s low, and the column
control signal CL 1s high. Hence, the column 1s selected.

The timing at which the shortcircuiting signal SH falls to
the other level 1s determined by the total of the delay times
of the write-time shortcircuiting controller 100 and the
shortcircuiting controller 106. The timing at which the
column control signal CL falls to the other level 1s deter-
mined by the delay time of the column controller 111. In this
case, the total of the delay times of the write-time shortcir-
cuiting controller 100 and the shortcircuiting controller 106
1s shorter than the delay time of the column controller 111.
Hence, the timing at which the shortcircuiting signal SH
falls leads to the timing at which the column control signal
CL rises from the current level to the other level.

In the first embodiment of the present invention, the total
of the delay times of the write-time shortcircuiting controller
100 and the shortcircuiting controller 106 1s determined so
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that the iming at which the shortcircuiting signal SH falls to
the other level occurs before the global data bus liens GDB
and /GDB and the selected local data bus lines LDB and
/LDB are completely precharged to the precharge voltage
VP. Further, the delay time of the write enabling controller
89 1s determined so that the write operation is started at the
same time as the shortcircuiting transistor 39 1s turned OFF.

Even in the above operation, 1t 1s possible to have a large
driving capability of the write amplifier 41 and 1s possible
for the write amplifier 41 to invert the data on the global data
bus lines GDB and /GDB and the selected local data bus
lines LDB and /LDB.

Thereafter, when the timing signal IN becomes low, the
write enabling controller 89 operates as follows. The output
signal of the 1inverter 91 1s high, and the output signal of the
NOR circuit 92 1s low. The output signal of the inverter 93
1s high, and the write enable signal WE 1s low and therefore
the write amplifier 41 1s switched to the disabled state.

In the read enabling controller 95, the output signal of
only the inverter 96 1s inverted. That 1s, the output signal of
the 1nverter 98 1s maintained at the high level, while the
output signal of the NOR circuit 97 and the read enable
signal RE are maintained at the low level. Thus, the sense
buffer 40 1s maintained 1n the disabled state.

Further, the output signal S100 of the write-time short-
circuiting controller 100 1s switched to the high level, and
the output signal S102 of the read-time shortcircuiting
controller 102 1s switched to the high level. Hence, 1n the
shortcircuiting controller 106, the output signal of the
NAND circuit 107 1s low, and the output signal of the
inverter 108 1s high. The output signal of the inverter 109 1s
low, and the shortcircuiting signal SH 1s high. Hence, the
shortcircuiting transistor 39 1s turned ON, and the global
data bus lines GDB and /GDB are switched to the shortcir-
cuited state and are thus precharged.

In the column controller 111, the output signal of the
iverter 112 1s high, and the output signal of the inverter 113
1s low. The output signal of the NAND circuit 114 1s high,
and the output signal of the NAND circuit 115 1s low. The
output signal of the inverter 116 1s high, and the column
control signal CL 1s low. Hence, the selection of the column
1s terminated. The timing at which the shortcircuiting signal
SH rises to the other level substantially coincides with the
timing at which the column control signal CL falls to the
other level.

FIGS. 12A through 12E are waveform diagrams of a
simulation of an example of the operation of the first
embodiment of the present invention. In the write operation,
the sense amplifier 16 1s made to sense data “0” and the
sense amplifier 17 1s made to sense data “1”. Thereafter, data
“1” 1s written 1nto the sense amplifier 16, and subsequently
reading of “0” from the sense amplifier 17 and reading of
“1” from the sense amplifier 16 are alternately carried out.

FIG. 12A shows a voltage wavetform of the external clock
CLK, and FIG. 12B shows a voltage waveform of the
write/read 1ndication signal W/R. FIG. 12C shows a voltage
waveform of the external clock CLK, variations in the
potenfials of the bit lines BL0O, /BL0O, BL1 and /BL1,
variations 1n the potentials of the local data bus lines LDB
and /DB, and variations in the potentials of the global data
bus lines GDB and /GDB. FIG. 12D shows a voltage
waveform of the external clock CLK, a voltage waveform of
the shortcircuiting signal SH, voltage waveforms of the
column selecting signals CLO and CL1, and a voltage
waveform of the read enable signal RE. FIG. 12E shows a
voltage wavetorm of the external clock CLK, a voltage
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wavelorm of the shortcircuiting signal SH, voltage wave-
forms of the column selecting signals CLO and CL1, a
voltage waveform of the write enable signal WE.

It can be seen from the operation cycles shown 1n FIGS.
12A through 12E that the global data bus lines GDB and
/GDB are released from the shortcircuited state 1n the write
operation 1n advance of releasing these bus lines from the
shortcircuited state in the read operation. This 1s one of the

essential features of the first embodiment of the present
invention.

Hence, 1t 1s possible to avoid the following problem and
to reduce the operation cycle and speed up the read and write
operations. That 1s, even in the case where 1 the read
operation, the selected local data bus lines LDB and /LDB
and the global data bus lines GDB and /GDB are completely
precharged to the precharge voltage VP and thereafter data
captured by the sense amplifier 1s transferred to the local
data bus lines, it 1s possible to avoid a situation 1n which the
global data bus lines GDB and /GDB are shortcircuited in
the write operation before the complementary signals output

to the global data bus lines GDB and /GDB from the write
amplifier 41 have a suflicient potential difference.

The much faster write operation can be carried out by the
write amplifier 41 equipped with a driving capability of
precharging the global data bus lines GDB and /GDB to the
precharge voltage VP 1n advance of precharging by the
shortcircuiting transistor 39 and the precharging circuit 43
which are the original precharging means.

A description will now be given, with reference FIGS. 13,
14A and 14B, of a second embodiment of the present
invention, which 1s intended to be equipped with a control
circuit shown 1n FIG. 13, which should be substituted for the
control circuit 85 shown 1 FIG. 10. The other parts of the
second embodiment of the present invention are the same as
those of the first embodiment thereof.

The control circuit shown 1 FIG. 13 1s equipped with a
read-time column controller 120, a write-time column con-
troller 121 and a column controller 122, which are substi-
tuted for the column controller 111 shown 1n FIG. 10. The
other parts of the control circuit shown 1n FIG. 13 are the
same as those of the control circuit shown 1n FIG. 10.

The read-time column controller 120 controls the timing
at which the column control signal CL rises to the other level
in the read operation, and 1s made up of inverters 123 and
124 and NAND circuits 125 and 126. The inverter 123
inverts the output signal of the inverter 88. The inverter 124
inverts the output signal of the mverter 123. The NAND
circuit 125 functions as an inverter which inverts the output
signal of the mverter 124. The NAND circuit 126 functions
as an mverter which inverts the output signal of the NAND
circuit 1235.

The write-time column controller 121 controls the timing
at which the column signal rises to the other level in the read
operation, and it made up of NAND circuits 127-129 and
iverters 130 and 131. The NAND circuit 127 performs a
NAND operation on the output signals of the write/read
indication signal W/R and the mverter 123. The NAND
circuit 128 functions as an inverter which inverts the output
signal of the NAND circuit 127. The NAND circuit 129
functions as an 1nverter which 1nverts the output signal of the
NAND circuit 128. The inverter 130 inverts the output
signal of the NAND circuit 129. The mverter 131 1nverts the
output signal of the mverter 130.

The column controller 122 outputs the column selecting,
signal CL to thereby control the column selecting operation,
and 1s made up of a NAND circuit 132 and an inverter 133.
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The NAND circuit 132 performs a NAND operation on an
output signal S120 of the read-time column controller 120
and an output signal of the write-time column controller 121.
The inverter 133 inverts the output signal of the NAND
circuit 132 to thereby output the column control signal CL.

FIGS. 14A and 14B are waveform diagrams of an opera-
tion of the second embodiment of the present invention.
More particularly, FIG. 14A shows a read operation, and
FIG. 14B shows a write operation. The write enabling
controller 89, the read enabling controller 95, the write-time
shortcircuiting controller 100, the read-time shortcircuiting
controller 102 and the shortcircuiting controller 106 of the
second embodiment of the present invention operate 1n the
same manner as those of the first embodiment of the present
invention.

In the read operation, the write/read indication signal W/R
1s set to the low level. In this case, when the timing signal
IN 1s low, the read-time column controller 120 operates as
follows. The output signal of the mnverter 123 1s high, and the
output signal of the inverter 124 1s low. The output signal of
the NAND circuit 125 1s high, and the output signal S120 of

the read-time column controller 120 1s low.

In the write-time column controller 121, the output signal
of the NAND circuit 127 1s high, and the output signal of the
NAND circuit 128 1s low. The output signal of the NAND
circuit 129 1s high, and the output signal of the inverter 130
1s low. Thus, the output signal S121 of the write-time
column controller 121 1s high. Hence, the output signal of
the NAND circuit 132 1s high and the column control signal
CL 1s low.

When the timing signal switches to the high level from the
above state, the read-time column controller 120 operates as
follows. The output signal of the inverter 123 1s low, and the
output signal of the mverter 124 1s high. The output signal
of the NAND circuit 1s low, and the output signal S120 of
the read-time column controller 120 1s high.

In the write-time column controller 121, the output signal
of the NAND circuit 127 1s high, and the output signal of the
NAND circuit 128 1s low. The output signal of the NAND
circuit 129 1s high, and the output signal of the mnverter 130
1s low. Hence, the output signal S121 of the write-time
column controller 121 1s maintained at the high level.
Hence, the output signal of the NAND circuit 132 of the
column controller 122 1s switched to the low level and the
column control signal CL 1s switched to the high level.

The timing at which the column control signal CL rises to
the other level 1s determined by the total of the delay times
of the read-time column controller 120 and the column
controller 122. The total of the read-time column controller
120 and the column controller 122 1s approximately equal to
the total of the delay times of the read-time shortcircuiting
controller 102 and the shortcircuiting controller 106. Hence,
the timing at which the column controller signal CL rises to
the other level substantially coincides with the timing
obtained in the first embodiment of the present invention.

Thereafter, when the timing signal IN becomes low, the
read-time column controller 120 operates as follows. The
output signal of the imverter 123 1s high, and the output
signal of the mnverter 124 1s low. The output signal of the
NAND circuit 125 1s high, and the output signal S120 of the
read-time column controller 120 1s low. Hence, the output
signal of the NAND circuit 132 of the column controller 122
1s high, and the column control signal CL 1s low. The timing
at which the column control signal CL falls 1s almost the
same as that of the first embodiment of the present invention.

In the write-time column controller 121, the output signal
of the NAND circuit 127 1s high, and the output signal of the
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NAND circuit 128 1s low. The output signal of the NAND
circuit 129 1s high, and the output signal of the mverter 130
i1s low. Thus, the output signal S121 of the write-time
column controller 121 1s maintained at the high level.

In the write operation, the write/read indication signal
W/R 1s set to the high level. In this case, when the timing
signal IN 1s at the low level, the read-time column controller
120 operates as follows. The output signal of the mverter
123 1s high, and the output signal of the mnverter 124 1s low.
The output signal of the NAND circuit 125 1s high, and the
output signal S120 of the read-time column controller 120 1s
low.

In the write-time column controller 121, the output signal
of the NAND circuit 127 1s low, and the output signal of the
NAND circuit 128 1s high. The output signal of the NAND
circuit 129 1s low, and the output signal of the inverter 130
1s high. Thus, the output signal S121 of the write-time
column controller 121 1s low. Hence, in the column con-
troller 122, the output signal of the NAND circuit 132 1s low,
and the column control signal CL 1s low.

When the timing signal IN becomes high from the above
state, the read-time column controller 120 operates as fol-
lows. The output signal of the inverter 123 1s low and the
output signal of the inverter 124 1s high. The output signal
of the NAND circuit 125 1s low and the output signal S120

of the read-time column controller 120 is high.

In the write-time controller 121, the output signal of the
NAND circuit 127 1s high and the output signal of the
NAND circuit 128 1s low. The output signal of the NAND
circuit 129 1s high, and the output signal of the mverter 130
1s low. Hence, the output signal S121 of the write-time
column controller 121 1s high. Hence, 1n the column con-
troller 122, the output signal of the NAND circuit 132 1s low
and the column control signal CL 1s high.

It will be noted that the output signal S121 of the
write-time column controller 121 1s switched to the high
level with a delay equal to the total of the delay time of one
NAND circuit and the delay time of one inverter after the
output signal S120 of the read-time column controller 120 1s
switched to the high level. Hence, the timing at which the
column control signal CL 1s switched to the low level 1s
delayed as compared to the timing of the first embodiment
of the present mnvention. The broken line Z shown 1 FIG.
14B indicates the column control signal CL used 1n the first
embodiment of the present invention.

Thereafter, when the timing signal IN becomes low, the
read-time column controller 120 operates as follows. The
output signal of the inverter 123 1s high and the output signal
of the inverter 124 1s low. The output signal of the NAND
circuit 125 1s high, and the output signal S120 of the
read-time column controller 120 1s low. Hence, 1n the
column controller 122, the output signal of the NAND
circuit 132 1s high, and the column control signal CL 1s low.

In the write-time column controller 121, the output signal
of the NAND circuit 1s low and the output signal of the
NAND circuit 128 1s high. The output signal of the NAND
circuit 129 1s low and the output signal of the mnverter 130
1s high. Hence, the output signal S121 of the write-time
column controller 121 1s low. The timing at which the signal
S121 become low lags behind the timing at which the output
signal S120 of the read-time column controller 120 becomes
low. Hence, the timing at which the column control signal
CL becomes low substantially coincides with that of the first
embodiment of the present invention.

In the first embodiment of the present invention, if the
chip size 1s large and the data transfer lines are long, the
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column gate may be selected before the complementary data
signals output to the global data bus lines GDB and /GDB
from the write amplifier 41 reach the selected column gate.
In this case, if the data captured by the sense amplifier of the
selected column has the 1nverted relationship with the data
to be written 1nto the selected memory cell, two pairs of
complementary signals having the mverted relationship col-
lide on the selected pair of local data bus lines. This collision
may cause a delay 1n signal transfer.

With the above 1n mind, in the second embodiment of the
present invention, the timing at which the column control
signal CL rises 1s designed to lag behind the corresponding
timing of the first embodiment of the present invention.
Hence, it 1s possible to settle the potentials of the selected
pair of local data bus lines and thereafter write data i1nto the
sense amplifier of the selected column.

Hence, 1t 1s possible to avoid the following problems and
to reduce the operation cycle and speed up the read and write
operations. That 1s, even 1n the case where the read
operation, the selected local data bus lines LDB and /LDB
and the global data bus lines GDB and /GDB are completely
precharged to the precharge voltage VP and thereafter data
captured by the sense amplifier 1s transferred to the local
data bus lines, it 1s possible to avoid a situation 1n which the
olobal data bus lines GDB and /GDB are shortcircuited in
the write operation before the complementary signals output
to the global data bus lines GDB and /GDB from the write
amplifier 41 have a sufficient potential difference. Further, it
1s possible to avoid a delay 1n data transfer due to a collision
of the complementary data signals output to the global data
bus lines GDB and /GDB from the write amplifier 41 and the
complementary data signals output from the sense amplifier
and to thereby speed up the read and write operations.

A description will now be given, with reference to FIGS.
15, 16A and 16B, of a third embodiment of the present
invention, which 1s equipped with a control circuit shown in
FIG. 15 instead of the control circuit 85 shown in FIG. 10.
The other parts of the third embodiment of the present
invention are the same as those of the first embodiment of
the present invention.

The control circuit shown 1n FIG. 15 has a write controller
135, and 1s equipped with a read-time column controller 136
having a different configuration from that of the read-time
column controller 120 shown 1n FIG. 13. The other parts of
the control circuit shown in FIG. 15 are the same as those of
the control circuit shown 1n FIG. 13.

A case will now be assumed 1n which the timing at which
the column control signal CL falls to the other level 1n the
write operation 1s delayed to ensure a suificient write time.
In this case, if the control circuit shown 1n FIG. 13 1s used,
it 1s necessary to delay the timing at which the output signal
S120 of the read-time column controller 120 falls. In this
case, a problem may be caused 1n which the column control
signal CL rises to the other level from the current level. The
third embodiment of the present invention 1s directed to
climinating the above problem.

The write controller 135 includes inverters 137 and 138

and a NAND circuit 139. The inverter 137 inverts a word/

read indication signal W/R. The inverter 138 inverts the
output signal of the mverter 137. The NAND circuit 139
performs a NAND operation on the output signal of the
mverter 138 and the word/read indication signal W/R. A
delay circuit 1s formed by the inverters 137 and 138.

When the operation mode of the memory device 1is
switched from the read mode to the write mode, the write
controller 135 outputs the 1inverted version of the word/read
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indication signal W/R with a delay equal to the sum of the
delay times of the inverters 137 and 138 and the NAND
circuit 139. The output signal of the write controller 135 1s
supplied to the read-time column controller 136. When the
operation mode 1s switched from the write mode to the read
mode, the write controller 135 supplies the read-time col-
umn controller 136 with the word/read indication signal

W/R with the delay time of the NAND circuit 139.

The read-time column controller 136 has a NAND circuit
140, which 1s substituted for the inverter of the read-time
column controller 120 shown in FIG. 13. The NAND circuit
140 performs a NAND operation on the output signal of the
inverter 123 and the output signal of the write controller 1385.
The output signal of the NAND circuit 140 1s supplied to the
NAND circuit 125. The other parts of the read-time column
controller 136 are the same as those of the read-time column
controller 120. The NAND circuits 125 and 126 form a delay
circuit, and the NAND circuits 128 and 129 and inverters
130 and 131 form another delay circuit.

FIGS. 16A and 16B are waveform diagrams of an opera-
tion of the third embodiment of the present invention. More
particularly, FIG. 16A shows a read operation, and FIG. 16B
shows a write operation. The write enabling controller 89,
the read enabling controller 95, the write-time shortcircuit-
ing controller 100, the read-time shortcircuiting controller
106 of the third embodiment of the present invention operate
in the same manner as those of the first embodiment of the
present invention.

In the read operation, the write/read indication signal W/R
1s set to the low level. In this case, the write controller 135
operates so that the output signals of the mnverters 137 and
138 are high and low, respectively, and the output signal of
the NAND circuit 139 is high. In this case, when the timing
signal IN 1s low, the read-time column controller 136
operates as follows. The output signal of the inverter 123 1s
high, and the output signal of the NAND circuit 140 1s low.
The output signal of the NAND circuit 125 1s high, and the
output signal S136 of the read-time column controller 136 i1s
low.

The write-time column controller 121 operates as follows.
The output signal of the NAND circuit 127 1s high, and the
output signal of the NAND circuit 128 1s low. The output
signal of the NAND circuit 129 1s high, and the output signal
of the inverter 130 1s low. Thus, the output signal S121 of the
write-time column controller 121 i1s high. Hence, 1n the
column controller 122, the output signal of the NAND
circuit 132 1s high, and the column control signal CL 1s low.

When the timing signal IN switches to the high level from
the above state, the read-time column controller 136 oper-
ates as follows. The output signal of the inverter 123 1s low,
and the output signal of the NAND circuit 140 1s high. The
output signal of the NAND circuit 125 1s low, and the output
signal S136 of the read-time column controller 136 1s high.
Hence, in the column controller 122, the output signal of the
NAND circuit 132 1s low, and the column control signal CL
1s high.

In the write-time column controller 121, the output signal
of the NAND circuit 127 1s high, and the output signal of the
NAND circuit 128 1s low. The output signal of the NAND
circuit 129 1s high, and the output signal of the mverter 130
1s low. Hence, the output signal S121 of the write-time
column controller 121 1s maintained at the high level.

The timing at which the column control signal CL 1s
switched to the high level, 1s determined by the total of the
delay times of the read-time column controller 136 and the
column controller 122. The total of the delay times of the
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read-time column controller 136 and the column controller
122 1s approximately equal to the total of the delay times of
the read-time shortcircuiting controller 102 and the short-
circuiting controller 106. Hence, the timing at which the
column control signal CL 1s switched to the high level
substantially coincides with that of the first embodiment of
the present invention.

Thereafter, 1f the timing signal IN becomes low, the
read-time column controller 136 operates as follows. The
output signal of the inverter 123 1s high, and the output
signal of the NAND circuit 140 1s low. The output signal of
the NAND circuit 125 1s high, and the output signal $136 of

the read-time column controller 136 1s low.

Hence, 1in the column controller 122, the output signal of
the NAND circuit 132 1s high, and the column control signal
CL 1s low. The timing at which the column control signal CL
1s low substantially coincides with that of the first embodi-
ment of the present mnvention.

In the write operation, the write/read indication signal
W/R 1s switched to the high level. In this case, the write
controller 135 operates so that the output signal of the
mverters 137 and 138 are low and high, respectively, and the
output signal of the NAND circuit 139 is low.

When the timing signal IN 1s low, the read-time column
controller 136 operates as follows. The output signal of the
mverter 123 1s high and the output signal of the NAND
circuit 140 1s high. The output signal of the NAND circuit
125 1s low, and the output signal S136 of the read-time
column confroller 136 1s high. In the write-time column
controller 121, the output signal of the NAND circuit 127 1s
low, and the output signal of the NAND circuit 128 1s high.
The output signal of the NAND circuit 129 1s low, and the
output signal of the inverter 130 1s high. Hence, the output
signal S121 of the write-time column controller 121 1s low.
Hence, 1in the column controller 122, the output signal of the

NAND circuit 132 1s high, and the column control signal CL
1s low.

When the timing signal IN switches to the high level from
the above state, the read-time column controller 136 oper-
ates as follows. Although the output signal of the inverter
123 1s low, the output signal of the NAND circuit 140 1s
high, and the output signal of the NAND circuit 125 1s low.
Hence, the output signal S136 of the read-time column
controller 136 1s maintained at the high level. In the write-
time column controller 121, the output signal of the NAND
circuit 127 1s high, and the output signal of the NAND
circuit 128 1s low. The output signal of the NAND circuit
129 1s high, and the output signal of the mnverter 130 1s low.
Hence, the output signal S121 of the write-time column
controller 121 1s high. Hence, in the column controller 122,
the output signal of the NAND circuit 132 1s low, and the
column control signal CL 1s high.

The timing at which the column control signal CL rises 1s
determined by the total of the delay times of the write-time
column controller 121 and the column controller 122. The
total of the delay times of the write-time column controller
121 and the column controller 122 1s longer than the total of
the delay times of the read-time column controller 136 and
the column controller 122, and 1s therefore much more
delayed than that of the first embodiment of the present
invention (but is equal to the total delay time of the second
embodiment of the present invention). A broken line Z
shown 1n FIG. 16B indicates the column control signal CL
used 1n the first embodiment of the present invention.

Thereafter, when the timing signal IN becomes low, the
read-time column controller 136 operates as follows.
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Although the output signal of the inverter 123 1s high, the
output signals of the NAND circuits 140 and 125 are
respectively high and low. Hence, the output signal S136 of
the read-time column controller 136 1s maintained at the
hich level. In the write-time column controller 121, the
output signal of the NAND circuit 127 1s low, and the output
signal of the NAND circuit 128 1s high. The output signal of
the NAND circuit 129 1s low, and the output signal of the

inverter 130 1s high. Hence, the output signal S121 of the
write-time column controller 121 1s low. Hence, in the

column controller 122, the output signal of the NAND
circuit 132 1s high, and the column control signal CL 1s low.

The timing at which the column control signal CL falls 1s
determined by the total of the write-time column controller
121 and the column controller 122 as 1n the case of the rising
of the column control signal CL. Hence, the above falling
fiming 1s much more delayed than the timings in the first and
second embodiments of the present invention. Hence, the
column control signal CL used 1n the write operation has a
waveform which 1s just like a delayed version of the column
control signal CL used in the read operation. Hence, 1t 1s
possible to ensure a sufficient write time.

In this case, there 1s no problem in which the column
control signal CL rises and the corresponding column 1is
selected when the operation mode 1s switched from the read
mode to the write mode or vice versa. That 1s, 1n the case
where the write/read indication signal W/R 1s switched to the
low level to enable the read mode, the write-time column
controller 121 operates as follows. The output signal of the
NAND circuit 127 1s high, and the output signal of the
NAND circuit 128 1s low. The output signal of the NAND
circuit 129 1s high, and the output signal of the inverter 130
1s low. Further, the output signal of the inverter 131 1s high.

In the write controller 135, the output signal of the
inverters 137 and 138 are respectively high and low, and the
output signal of the NAND circuit 139 1s high. In the
read-time column controller 136, the output signal of the
inverter 123 1s high, and the output signal of the NAND
circuit 140 1s low. The output signal of the NAND circuit
125 1s high, and the output signal of the NAND circuit 126
1s low. In the column controller 122, the output signal o the
NAND circuit 132 1s high, and the column control signal CL
1s low.

When the write/read 1indication signal W/R 1s switched to
the high level to enable the write mode, the write controller
135 operates as follows. The output signal of the mverter
137 1s low, and the output signal of the inverter 138 1s high.
The output signal of the NAND circuit 139 1s low. Hence, 1n
the read-time column controller 136, the output signal of the
NAND circuit 140 1s high, and the output signal of the
NAND circuit 125 1s low. The output signal of the NAND
circuit 126 1s high.

In the write-time column controller 121, the output signal
of the NAND circuit 127 1s low, and the output signal of the
NAND circuit 128 1s high. The output signal of the NAND
circuit 128 1s low, and the output signal of the inverter 130
1s high. The output signal of the mverter 131 1s low.

The timing at which the output signal S136 of the read-
fime column controller 136 1s mverted to the high level 1s
determined by the total of the delay times of the 1nverters
137 and 138 and the NAND circuits 139, 140, 125 and 126.
The timing at which the output signal S121 of the write-time
column controller 121 is mverted to the low level 1s deter-
mined by the total of the delay times of the NAND circuits
127-129 and the 1nverters 130 and 131.

Hence, 1n this case, the timing at which the output signal
S136 of the read-time column controller 136 1s 1inverted to
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the high level leads to the timing at which the output signal
S121 of the write-time column controller 121 1s mverted to
the low level. In the column controller 122, the output signal
of the NAND circuit 132 1s high, and the column control
signal CL 1s maintained at the low level.

When the timing signal IN becomes low 1n the case where
the write/read indication signal W/R 1s set to the high level
to enable the write operation, the write controller 135
operates as follows. The output signals of the mnverters 137
and 138 are respectively low and high, and the output signal
of the NAND circuit 139 1s low. In the read-time column
controller 136, the output signal of the inverter 123 1s high,
and the output signal of the NAND circuit 140 1s high. The

output signal of the NAND circuit 125 is low, and the output
signal of the NAND circuit 126 1s high.

In the write-time column controller 121, the output signal
of the NAND circuit 127 1s low, and the output signal of the
NAND circuit 128 1s high. The output signal of the NAND
circuit 129 1s low, and the output signals of the inverters 130
and 131 are high and low, respectively. In the column
controller 122, the output signal of the NAND circuit 132 1s
high, and the column control signal CL 1s low.

When the write/read indication signal W/R 1s switched to
the low level to thereby enable the read mode, the write-time
column controller 121 operates as follows. The output signal
of the NAND circuit 127 1s high, and the output signal of the
NAND circuit 128 1s low. The output signal of the NAND
circuit 129 1s high, and the output signals of the inverters 130
and 131 are low and high, respectively.

In the write controller 135, the output signal of the NAND
circuit 139 1s high. Hence, 1n the read-time column control-
ler 136, the output signal of the NAND circuit 140 1is low,
and the output signal of the NAND circuit 125 1s high.
Further, the output signal of the NAND circuit 126 1s low.

The timing at which the output signal S121 of the write-
time column controller 121 1s mverted to the high level 1s
determined by the total of the delay times of the NAND
circuits 127-129 and the mnverters 130 and 131. The timing
at which the output signal S136 of the read-time column
controller 136 1s switched to the low level 1s determined by
the total of the delay times of the NAND circuits 139, 140,
125 and 126.

In the above case, the timing at which the output signal
S121 of the write-time column controller 121 1s inverted to
the high level leads to the timing at which the output signal
S136 of the read-time column controller 136 1s 1nverted to
the low level. Thus, 1n the column controller 122, the output
signal of the NAND circuit 132 1s high and the column
control signal CL 1s maintained at the low level.

According to the third embodiment of the present
invention, 1t 1s possible to avoid the following problems and
to reduce the operation cycle and speed up the read and write
operations. That 1s, even 1n the case where 1n the read
operation, the selected local data bus lines LDB and /LDB
and the global data bus lines GDB and /GDB are completely
precharged to the precharge voltage VP and thereafter data
captured by the sense amplifier 1s transferred to the local
data bus lines, it 1s possible to avoid a situation 1n which the
olobal data bus lines GDB and /GDB are shortcircuited in
the write operation before the complementary signals output
to the global data bus lines GDB and /GDB from the write
amplifier 41 have a suflicient potential difference. Further, it
1s possible to avoild a delay 1n data transfer due to a collision
of the complementary data signals output to the global data
bus lines GDB and /GDB from the write amplifier 41 and the

complementary data signals output from the sense amplifier
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and to thereby speed up the read and write operations.
Furthermore, it 1s possible to lengthen the high-level period
of the column control signal CL to speed up the read and

write operations.

In the above-mentioned first through third embodiments
of the present invention, the shortcircuiting transistor 39 and
the precharging circuit 43, which operates when the column-
system circuits operate, are provided as means for precharg-
ing the global data bus lines GDB and /GDB and the selected
local data bus lines LDB and /LDB. However, 1t 1s possible
to omit the precharging circuit 43.

It 1s possible to replace the precharging circuit 43 by
another precharging circuit which performs the precharging
operation 1n response to a signal synchronized with the
shortcircuiting signal SH. More particularly, the substitute
precharging circuit operates during the period when the
column-system circuits operate. That 1s, the substitute pre-
charging circuit supplies the precharge voltage VP to the
oglobal data bus lines GDB and /GDB during the period when
these bus lines are being shortcircuited. The substitute
precharging circuit do not supply the precharge voltage VP
to the global data bus lines GDB and /GDB during the period

when these bus lines are not in the precharged state.

In the above-mentioned first through third embodiments
of the present invention, a plurality of pairs of local data bus
lines and a pair of global data bus lines are used. However,
the present mvention includes a semiconductor memory
device 1n which data buses are not divided into local and
olobal data buses, but the shortcircuiting transistor 39, the
sense buifer 40 and the write amplifier 41 are connected to
the data bus to which the sense amplifier 1s connected.

The present invention 1s not limited to the SDRAM
devices but include another memory device such as an
asynchronous-type DRAM device in which the read and
write operations can continuously be carried out.

The present invention 1s not limited to the specifically
disclosed embodiments and variations and modifications
may be made without departing from the scope of the
present invention.

What 1s claimed 1s:

1. A method of controlling data transmission lines of a
semiconductor memory [device] which has a first pair of
data transmission lines to which a sense amplifier and
memory cells are connected, and a second pair of data
fransmission lines to which a read circuit and a write circuit
are connected [at an end of the second pair of the data
transmission lines], and which is connected to the first pair
of data transmission lines via a [column gate] swirtch, said
method comprising:

a) shortcircuiting the second pair of data transmission
lines for a first period [when a read operation is carried
out] in a read mode; and

b) shortcircuiting the second pair of data transmission
lines for a second period [when a write operation is
carried out] in a write mode, and second period being
shorter than the first period.

2. A semiconductor [device] memory comprising:

memory cells;
a sense amplifier;

a first pair of data transmission lines to which the sense
amplifier and the memory cells are connected;

a second pair of data transmission lines to which a read
circuit and a write circuit are connected [at an end of
the second pair of the data transmission lines], and
which 1s connected to the first pair of data transmission
lines via a [column gate] swirch;
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a shortcircuiting element which can shortcircuit the sec-
ond pair of transmission

a first control circuit which controls the shortcircuiting
clement so that the second pair of data transmission
lines is shortcircuited for a first period [when a read
operation is carried out] in a read mode, and the second
pair of data transmission lines 1s shortcircuited for a
second period [when a write operation is carried out] in
the write mode, said second period being shorter than

the first period.
[3. The semiconductor memory device as claimed in
claim 2, wherein the second pair of data transmission lines
COMPIISES:

a third pair of data transmission lines to which the first
pair of data transmission lines 1s connected; and

a fourth pair of data transmission lines to which the read
circuit and the write circuit are connected, the fourth
pair of data transmission lines being coupled to the
third pair of data transmission lines via a switch cir-
cuit.]

4. The semiconductor memory [device] as claimed in
claim 2, further comprising a precharging circuit which
supplies a precharge voltage to the second pair of data
fransmission lines.

5. The semiconductor memory [device] as claimed in
claim 4, wherein said precharging circuit supplies the pre-
charge voltage to the second pair of data transmission lines
while the second pair of data transmission lines 1s being
shortcircuited, and does not supply the precharge voltage
thereto when the second pair of data transmission lines 1s not
shortcircuited.

6. The semiconductor memory [device] as claimed in
claim 2, further comprising:

a column gate controlled by a first signal, and disposed
between the first pair of data transmission lines and the
sense amplifier, and wheremn the first control circuit
controls the shortcircuiting element so that a timing at
which the second pair of data transmission lines [is]
inittates to be shortcircuited substantially coincides
with [a] an inactivation timing of the first signal [defin-
ing an operation timing] in the read and write [opera-
tions] modes, and a timing at which the second pair of
data transmission lines 1s released from a shortcircuited
state in the write [operation] mode is earlier[, with
respect to] than an activation timing of the first signal,
and than a timing at which the second pair of data
transmission lines 1s released from the shortcircuited
state in the read [operation] mode.

7. The semiconductor memory [device] as claimed in
claim 4, wherein the first control circuit controls the short-
circuiting element so that the second pair of data transmis-
sion lines 1s released from a shortcircuited state 1n the read
[operation] mode after the second pair of data transmission
lines [is] completes to be precharged to the precharge
voltage.

8. The semiconductor memory [device] as claimed in
claim 4, wherein the first control circuit controls the short-
circuiting element so that the second pair of data transmis-
sion lines 1s released from a shortcircuited state 1n the write
[operation] mode before the second pair of data transmission
lines [is] completes to be precharged to the precharge
voltage.

9. The semiconductor memory [device] as claimed in
claim 8, wherein said write circuit has a driving capability
of setting the second pair of data transmission lines to the
precharge voltage [faster], when the write circuit inverts
complementary signals on the second pair of data transmis-
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sion lines larger than driving capability of the precharging
circuit [precharges] precharging the second pair of data
transmission lines to the precharge voltage [when the write
circuit 1nverts complementary signal on the second pair of
data transmission lines].

10. The semiconductor memory [device] as claimed in
claim 2, wherein said first control circuit comprises:

a second control circuit which controls timings at which
the second pair of data transmission lines is [shortcir-
cuited and] released from a shortcircuited state in the
write Joperation] mode;

a third control circuit which controls timings at which the
second pair of data transmission lines 1s shortcircuited
and released from the shortcircuited state 1n the read
[operation] mode; and

a fourth control circuit which controls a timing at which
the shortcircuiting element shortcircuits and releases
from the shortcircuited state of the second pair of data
transmission lines [on the basis of] in response to
output signals of the second and third control circuits.

11. The semiconductor memory [device] as claimed in

claim 10, wherein:

the second control circuit comprises a first NAND circuit
which [performs a NAND operation on] receives a
[first] second signal defining an operation timing and a
[second] third signal indicating [whether an operation
mode of the semiconductor memory device is] the write
[operation] mode or the read [operation] mode;

the third control circuit comprises a first delay circuit
delaying the [first] second signal, and a second NAND
circuit [performing a NAND operation] receiving an
output signal of the first delay circuit and the [first]
second signal; and

the fourth control circuit comprises a third NAND circuit
[performing a NAND operation on] receiving an output
signal of the second control circuit and an output signal
of the third control circuit, and a first inverting delay
circuit which inverts and delays an output signal of the
third NAND circuit.

12. The semiconductor memory [device] as claimed in
claim 11, wherein the [first] second signal is a signal
synchronized with an external clock applied to the semicon-
ductor memory [device].

13. The semiconductor memory [device] as claimed in
claim 2, further comprising a [second] fifth control circuit
which [controls enabling of] activares the write circuit
which outputs data to the second pair of data transmission
lines at almost the same time as the second pair of data
transmission lines 1s released from a shortcircuited state.

14. The semiconductor memory [device] as claimed in
claim 13, wherein said [second] fifth control circuit controls
the write circuit Jon the basis of] in response to a [first]
second signal defining an operation timing and a [second]
third signal indicating [whether an operation mode of the
semiconductor memory device is] the write [operation]
mode or the read [operation] mode.

15. The semiconductor memory [device] as claimed in
claim 14, wherein said [second] fifth control circuit com-
PIISES:

a first inverting circuit which inverts the [first] second

signal;

a second inverting circuit which inverts the [second] third

signal;

a first NOR circuit which [performs a NOR operation on}

receives output signals of the first and second 1nverting
circuits; and
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a [first] second delay circuit which delays an output signal

of the first NOR circuit.

16. The semiconductor memory [device] as claimed in
claim 2, further comprising a [second] sixth control circuit
which [controls enabling of] activates the [write] read
circuit Jon the basis of] in response to a [first] second signal
defining an operation timing and a [second] third signal
indicating [whether an operation mode of the semiconductor
memory device is] the write Joperation] mode or the read
[operation] mode.

17. The semiconductor memory [device] as claimed in
claim 16, wherein said [second] sixt/ control circuit com-
PrisSes:

a [first] third inverting circuit which inverts the [first]

second signal,

a [first] second NOR circuit which [performs a NOR
operation on] receives an output signal of the [first]
third inverting circuit and the [second] third signal; and

a [first] third delay circuit which delays an output signal

of the [first] second NOR circuit.

18. The semiconductor memory [device] as claimed in
claim 6, further comprising a [second] seventh control
circuit which delays the [first] second signal to generate [a
third] the first signal used to control [timings at which the
column gate 1s selected and released from a selected state at
respective timings] the column gate, which are [common to}
commonly used in the read Joperation] mode and the write
[operation] mode.

19. The semiconductor memory [device] as claimed in
claim 2, further comprising;:

a column gate controlled by a first signal, and disposed
between the first pair of data transmission lines and the
sense amplifier;

[a second] an eighth control circuit which controls tim-
ings at which [a column] the first signal is [selected and
released from a selected state] outputted to the column
gate in the read and write [operations] modes; and

a [third] #ninth control circuit which [controls timings at
which the column gate 1s selected and released from the
selected state,] is coupled to the eighth control circuit,
for outputting the first signal,

wherein [the] an activation timing [at which the column
gate is selected] of the first signal in the write Jopera-
tion] mode lags behind [the] an activation timing [at
which] of the [column gate is selected] first signal in
the read [operation] mode and [the] an inactivation
timing [at which the column gate is released from the
selected state] of the first signal in the read Joperation}
mode substantially coincides with [the] an inactivation
timing [at which the column gate is released from the
selected state] of the first signal in the write Joperation]
mode.

20. The semiconductor memory [device] as claimed in
claim 19, wherein the [second] eighth control circuit com-
Prises:

a [first] fourth inverting circuit which inverts a [first]

second signal deflning an operation timing:

a [first] second inverting delay circuit which inverts and
delays an output signal of the [first] fourth inverting
circuit;

a [first] fourth NAND circuit which [performs a NAND
operation on] receives a [second] third signal indicating,
[whether an operation mode of the semiconductor
memory device is] the write Joperation] mode or the
read Joperation] mode and [an] the output signal of the
[first] fourth inverting circuit; and
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a [first] fourth delay circuit which delays an output signal
of the [first] fourth NAND circuit; and

wherein the [third] ninth control circuit comprises:

a [second] fifth NAND circuit which [performs a NAND

operation on] receives an output signal of the [first]
second mverting delay circuit and an output signal of
the [first] fourth delay circuit; and

a [second] fifth inverting circuit which inverts an output
signal of the [second] fifth NAND circuit.

21. The semiconductor memory [device] as claimed in
claim 2, further comprising;:

a column gate controlled by a first signal, and disposed
between the first pair of data transmission lines and the
sense amplifier;

a [second] renth control circuit which controls timings at
which [a column] the first signal is [selected and
released from a selected state] outpurting to the column
gate in the read [operation] mode;

[a third] an eleventh control circuit which controls timing
at which [a column is selected and released from the
selected state] the first signal is outputted to the column
gate in the write Joperation] mode;

a [fourth] rwelfth control circuit which generates [, from]
the first signal in response to output signals of the
[second] tenth and [third] eleventh control circuits [, a
third signal which controls timings at which the column
gate 1s selected and released from the selected state];
and

a [fifth] thirteenth control circuit which controls the
[second] renth control circuit,

wherein [the] an activation and an inactivation timings
[at which the column gate is selected and released from
the selected state] of the first signal in the write
[operation] mode lag behind the [timings at which the
column gate 1s selected and released from the selected
state] activation and the inactivation of the first signal
in the read [operation] mode, respectively.

22. The semiconductor memory [device] as claimed in
claim 21 wherein said [second] tenth control circuit com-
PIISES:

a [first] sixth inverting circuit which inverts a [first]

second signal deflning an operation timing;

a [first] sixth NAND circuit which [performs a NAND
operation on] receives an output signal of the [first]
sixth inverting circuit and an output signal of the [fifth]
thirteenth control circuit; and

a [first] fifth delay which delays an output signal of the
[first] sixth NAND circuit,

wherein said [third] eleventh control circuit comprises:

a [second] seventh NAND circuit which [performs a
NAND operation on] receives a [second] third signal
indicating [whether an operation mode of the semicon-
ductor memory device is] the write Joperation] mode or
the read [operation] mode and an output signal of the
[first] sixth inverting circuit; and

a [second] sixth delay circuit which delays an output
signal of the [second] seventh NAND circuit,

wherein said [fourth] mwelfth control circuit comprises:

[a third] an eighth NAND circuit which [performs a

NAND operation on] receives output signals of the
[second] fenth and [third] eleventh control circuits; and

a [second] seventh inverting circuit which inverts an
output signal of the [third] eighth NAND circuit, and

wherein said [fifth] thirteenth control circuit comprises:
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a [third] seventh delay circuit which delays the [second]
third signal; and

a [fourth] ninth NAND circuit which [performs a NAND
operation on] receives an output signal of the [third]
5 seventh delay circuit and the [second] third signal.

23. A semiconductor memory having a read mode and a

write mode, comprising.

a sense amplifier;

a pair of data transmission lines for coupling the sense
amplifier and a read circuit or a write circull;

a shoritcircuit switch for shoricircuiting the pair of data
fransmission lines;

a control circuit recetving a control signal which indicates
the read mode or the write mode, for conitrolling an
operation of the shoricircuit switch in response to the
control signal;

wherein an OFF timing of the shortcircuit switch in the
write mode is different from that in the read mode.
24. The semiconductor memory as claimed in claim 23,
wherein

the OFF timing of the shortcircuit switch in the wrile
mode is earlier than that in the read mode.
25. The semiconductor memory as claimed in claim 24,
the pair of data transmission lines including:

a first pair of data transmission lines coupled to the sense

amplifier; and

a second pair of data transmission lines coupled between

the first pair of data transmission lines and the write
CI¥rCull;

wherein the shoricircuit swiich is disposed between the

second pair of data transmission lines.

26. The semiconductor memory as claimed in claim 25,
wherein the shoricircuit switch is disposed in vicinity of the
write circuit.

27. The semiconductor memory as claimed in claim 25,
further comprising:

a precharge circuit for supplying a precharge voltage to

the second pair of data transmission lines.

28. The semiconductor memory as claimed in claim 27,
wherein

the precharge circuit supplies the precharge voltage to the
second pair of data transmission lines while the second
pair of data transmission lines is being shoricircuited,
and does not supply the precharge voltage thereto when
the second pair of data transmission lines is not short-
circuited.

29. The semiconductor memory as claimed in claim 27,

wherein

the control circuit turns the shortcircuit switch OFF
before both of the second pair of data transmission
lines complete to be precharged to the precharge
voltage, in the write mode.

30. The semiconductor memory as claimed in claim 27,

55 Wherein

the control circuit turns the shoricircuit switch OFF after
both of the second pair of data transmission lines
completes to be precharged to the precharge voltage, in
the read mode.

31. The semiconductor memory as claimed in claim 23,
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" further comprising:

a column gate controlled by a column selection signal, for
coupling the sense amplifier and the pair of data
fransmission lines,; wherein

65  the OFF timing of the shortcircuit swiitch in the read mode

is substantially same as an activation timing of the
column selection signal, and
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an ON timing of the shortcircuit switch in the read mode
is substanitially same as an inactivation timing of the
column selection signal.
32. The semiconductor memory as claimed in claim 23,
further comprising:
a column gate controlled by a column selection signal, for

coupling the sense amplifier and the pair of data
fransmission lines; wherein

the OFF timing of the shortcircuit swiich in the write
mode is earlier than an activation timing of the column

selection signal.
33. The semiconductor memory as claimed in claim 32,
wherein

the OFF timing of the shortcircuit switch in the write
mode 1s substantially same as an activation timing of
the write circuil.

34. The semiconductor memory as claimed in claim 23,

further comprising:
a column gate controlled by a column selection signal, for

coupling the sense amplifier and the pair of data
fransmission lines; wherein

an activation timing of the column selection signal in the
read mode 1s earlier than that in the write mode.
35. The semiconductor memory as claimed in claim 34,
wherein

an inactivation timing of the column selection signal in
the read mode 1s earlier than that in the write mode.

36. A method of controlling data transmission lines of a
semiconductor memory having a read mode and a write
mode, including a pair of data transmission for coupling a
sense amplifier and a read circuit or a write circuit and a
shortcircuit switch for shortcircuiting the pair of daia trans-
mission lines; said method comprising:

a) turning the shortcircuit switch OFF at a first timing in
the read mode;

b) turning the shortcircuit switch OFF at a second timing
in the write mode, the second timing being earlier than
the first timing.

37. A semiconductor memory having a read mode and a

write mode, cOomprising.

a sense amplifier;

a pair of data transmission lines for coupling the sense
amplifier and a read circuit or a write circull;

a shortcircuit switch for shoricircuiting the pair of data
fransmission lines,

a control circuit receiving a control signal which indicates
the read mode or the write mode, for controlling an
operation of the shoricircuit switch in response to the
conirol signal;

a precharge circuit for supplying a precharge voltage to
the pair of data transmission lines;

wherein an OFF timing of the shortcircuit swiich in the
write mode is earlier than a precharge completion
fiming of the pair of data transmission lines.
38. The semiconductor memory as claimed in claim 37,
wherein

the OFF timing of the shortcircuit switch is substaniially

same Hming as an activation timing of the write circuit.

39. A semiconductor memory having a read mode and a
write mode, cCOmprising.
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a sense amplifier;

a pair of data transmission lines for coupling the sense
amplifier and a read circuit or a write circuil;

a shortcircuit switch receiving a shoricircuit signal for
shortcircuiting the pair of data transmission lines; and

a control circuit receiving a timing signal and a control
signal which indicates the read mode or the write
mode, for outputting the shoritcircuit signal in response
fo the timing signal and the conirol signal

wherein the control circuit includes:

a first part receiving the timing signal and the control
signal for outpuitting a second timing signal to control
an output timing of the shortcircuit signal in the write
mode; and

a second part receiving the timing signal for outputiing a
third timing signal to control the output timing of the
shoricircuit in the read mode.

40. The semiconductor memory as claimed in claim 39,
wherein an OFF timing of the shoricircuit switch in the write
mode is earlier than that in the read mode.

41. The semiconductor memory as claimed in claim 39,
wherein a first delay time in the write mode produced by the
first part is shorter than a second delay time in the read
mode produced by the second part.

42. The semiconductor memory as claimed in claim 39,
the pair of data transmission lines including:

a first pair of data transmission lines coupled to the sense
amplifier; and

a second pair of data transmission lines coupled between
the first pair of data transmission lines and the write
CIrCull;

wherein the shoricircuit swiich is disposed between the
second pair of data transmission lines.

43. The semiconductor memory as claimed in claim 42,

further comprising:

a precharge circuit for supplying a precharge voltage to

the second pair of data transmission lines.

44. The semiconductor memory as claimed in claim 43,
wherein

the precharge circuit supplies the precharge voltage to the
second pair of data transmission lines while the second
pair of data transmission lines is being shortcircuited,
and does not supply the precharge voltage thereto when
the second pair of data transmission lines is not short-
circuited.

45. The semiconductor memory as claimed in claim 44,

wherein

the control circuit turns the shortcircuit switch OFF
before each lines of the second pair of data transmis-
sion lines completes to be precharged to the precharge

voltage, in the write mode.
46. The semiconductor memory as claimed in claim 44,
wherein

the control circuit turns the shoricircuit switch OFF after
each line of the second pair of data transmission lines
completes to be precharged to the precharge voltage, in
the read mode.
47. The semiconductor memory as claimed in claim 40,
wherein

the OFF timing of the shortcircuit switch in the wrile
mode 1s substantially same as an activation timing of
the write circull.
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