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(7) ABSTRACT

There is intended to provide a semiconductor integrated
circuit device capable of lowering the power consumption
during data-write operation, enhancing operation speed, and
reducing noises for stable operation. In the semiconductor
integrated circuit, an active signal ACT to be inputted to a
sense amplifier signal circuit SC1 is latched by a command
latch circuit and outputted to a terminal N11. The terminal
N11 outputs a control signal EDC1 via a timing adjusting
circuit. The control signal EDC1 works to output a sense
amplifier activating signal LE via a timing adjusting circuit
and output buffer circuit and at the same time, the control
signal EDC1 is outputted to a column switch signal circuit
CS1. From the Column switch signal circuit CS1, a pulse
signal is outputted via input of a control signal ACL, a pulse
output circuit, and a terminal N13. In a logical circuit, AND
processing is conducted between the pulse signal and an
inversion signal of the control signal EDC1. Through a
decode circuit, a resultant signal is outputted as switch signal
CL, or CLM.

DIAGRAM TO DESCRIBE PRINCIPLE OF THE PRESENT INVENTION
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FIG. 8

WAVEFORM DIAGRAM SHOWING DATA-WRITE OPERATION ONTO THE
MEMORY CELL SECTION OF THE FIRST AND SECOND EMBODIMENTS
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FIG. 10 PRIOR ART

WAVEFORM DIAGRAM SHOWING DATA-READOUT OPERATION
FROM MEMORY CELL SECTION OF PRIOR ART
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FIG. 11 PRIOR ART

WAVEFORM DIAGRAM SHOWING DATA-WRITE OPERATION
ONTO MEMORY CELL SECTION OF PRIOR ART
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SEMICONDUCTOR INTEGRATED CIRCUIT
DEVICE AND DATA-WRITE METHOD THEREOF

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to technique of data-
write on memory cells for a semiconductor integrated cir-
cuit. More particularly, it relates to enhancement of low
power consumption, or high-speed operation, and stable
operation during data-write operation.

[0003] 2. Description of Related Art

[0004] With the recent progress of computer technology,
there has been needed a memory usable for graphic pro-
cessing purpose such as three dimensional animation pic-
tures wherein address cycle changes irregularly. In other
words, high-speed random access performance is required
for a memory regardless of data-readout cycle and data-
write cycle. However, this kind of high-speed random access
performance is not feasible for synchronous type semicon-
ductor memory devices such as dynamic random access
memory (referred to as DRAM hereinafter) and synchronous
type DRAM (SDRAM, hereinafter) that multiplex row
address and column address and input the addresses with
different timing.

[0005] As a high-speed memory that can realize high-
speed cycle time performance of static random access
memory (SRAM, hereinafter) while making the most use of
high circuit integration design of DRAM and SDRAM, there
has been devised a memory that inputs data without multi-
plexing addresses and determines whether readout cycle or
write cycle within a command. Fast CycleRAM, or FCRAM
(Registered Trademark), is a noticeable example of that.

[0006] A memory cell section M1000 in FIG. 9 shows the
structure of a high-speed memory. For concise description,
FIG. 9 shows a part of the memory, or indispensable
structural elements thereof. Memory cells Ta, Tb, Tc, and Td
are connected to bit lines/BL, /BLM, BL, BLM, respec-
tively. Data stored in the memory cells Ta, Tb, Tc, and Td are
readout as stored charges. After redistributed to the respec-
tive bit lines BL, /BL, BLM, /BLM, the stored charges are
amplified by sense amplifiers SA, and SAM with being
coupled as bit line pair BL, /BL and bit line pair BLM,
/BLM. The amplified data are delivered to data bus lines DB,
and /DB through column switches TN1, TN2, TN3, and
TN4, and then, amplified by a read amplifier RA and
outputted from an input/output buffer Buf (from Dout). On
the contrary, input data Din are amplified by a write ampli-
fier WA through the input/output buffer Buf, and then, stored
in memory cells Ta, Tb, Tc, and Td as charges through bit
lines BL, /BL and BLM, /BLM from the data bus lines DB,
and /DB.

[0007] Out of the memory cells Ta, Tb, Tc and Td,
selection of memory cells to be connected the bit line pairs
BL, /BL and BLM, /BLM is made by an active signal ACT
and a precharge signal PRE transmitted from a row control
circuit RC that has received a command signal CMD. More
specifically, the active signal ACT and the precharge signal
PRE make a word decoder WD active/inactive so as to make
signal level of word lines WL and WLM high level. Fur-
thermore, a sense amplifier signal circuit SC controls acti-
vation signal LE for the sense amplifiers SA and SAM based
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on the active signal ACT and the precharge signal PRE.
Thereby, the sense amplifiers SA and SAM are made active/
inactive. Still further, a column control circuit CC outputs a
control signal ACL based on a command signal CMD from
the row control circuit RC. Then, a column switch signal
circuit CS controls switch signals CL, and CLLM, whereby
column switches TN1, TN2, TN3 and TN4 are made con-
ductive/nonconductive.

[0008] FIG. 10 shows a waveform diagram of readout
operation and FIG. 11 shows that of write operation. A
command signal CMD activates the row control circuit RC
to output an active signal ACT. Owing to the active signal
ACT, the word line WL from the word decoder WD is
selected. Then, the memory cells Tc and Td are connected to
the bit lines BL and BLM, respectively, and stored charges
are redistributed to the bit lines BL. and BLM. Up to this
point, readout operation and write operation are in the same
manner.

[0009] Firstly, readout operation will be described. Due to
redistribution of stored charges, the bit lines BL and /BL
both in equalized state begin to have potential differences
gradually (this period is named Period @) As to the bit
lines BLM, and /BLM, operation is taken in the same
manner as the bit lines BL, and /BL. Accordingly, the
following explanation will be omitted. The Period @ means
a period until the potential difference between the bit lines
BL and/BL reaches amplification sensitivity of the sense
amplifier SA. The potential difference at this point is of
about several ten mV. After the Period terminates, an
activation signal LE for the sense amplifier SA is set to high
level. Thereby, the sense amplifier SA is driven to amplify
the bit lines BL and /BL (this period is named Period (2).
After the bit lines BL and /BL are amplified, the control
signal ACL is set to high level so as to start up a switch
signal CL with high level and readout data on the data bus
lines DB and /DB (this period is named Period (3)). Time
that the switch signal CL is kept high level is optimized as
the time needed to readout data from the bit lines BL and /BL.
to the data bus lines DB and /DB. It is the column control
circuit CC that sets optimum time.

[0010] Next, write operation will be described. When the
Period @ begins and the memory cell Tc is selected on
condition that the memory cells Ta and Tc are connected to
the bit lines BL and /BL, respectively, a switch signal CL is
set to high level. Thereby, the data bus lines DB and /DB are
connected to the bit lines BL and /BL, respectively. Then,
the write amplifier WA begins write operation. Since this
write operation is made with the switch signal CL being set,
this period corresponds to the Period @ mentioned in the
readout operation. Prompt write operation is required
because some data must be inversed to obtain write data and
also because the potential difference between the bit lines
BL and/BL must reach amplification sensitivity of the sense
amplifier SA before the Period @ begins. Load that the
write amplifier WA must drive is significantly large. That is,
the write amplifier WA must drive load for both the data bus
lines DB, /DB and the bit lines BL, /BL. Driving ability of
the write amplifier WA must be designed high enough to
quickly finish data-write on the bit lines BL. and /BL before
the Period @ begins. Since setting time of the switch signal
CL (Period (3)) is set by the column control circuit CC and
length of the setting time is fixed, the Period (2) sometimes
begins before the Period (3) terminates.
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[0011] During write operation, the bit lines BLM and
/BLM not subject to data-write exercises the above-men-
tioned readout operation.

[0012] During write cycle, the write amplifier WA needs to
write data on the bit lines BL, /BL via the data bus lines DB,
/DB, respectively, within a period to readout charges stored
in cells (corresponding to the Period (1) in FIG. 11). That is,
within such a short time as the Period (1), the write amplifier
‘WA must drive the data bus lines DB, /DB and data bit lines
BL, /BLup to a predetermined voltage. Accordingly, driving
ability of the write amplifier WA must be designed suffi-
ciently high. Owing to this, an area occupied by the write
amplifier WA becomes large on a chip and along with that,
power consumption becomes high. This can be an obstacle
to trend of semiconductor integrated circuit device design
such as higher circuit integration and lower power consump-
tion.

[0013] Moreover, data written on the bit lines BL, /BL are
amplified up to full amplitude by the sense amplifier SA
during amplification period for the bit lines (corresponding
to the Period @) In the read operation, it is necessary to
surely obtain a readout period (corresponding to the Period
@) That is, the bit lines BL, /BL are connected to the data
bus lines DB, /DB, respectively, and after the data written on
the bit lines are amplified, amplified voltage needs time to be
readout on the data bus lines DB, /DB. The column control
circuit CC sets the readout period. In the write cycle, the
Period begins to exercise write operation during the
Period (1). Since the column control circuit CC sets length
of the Period () fixedly, the latter half of the Period (3) and
the first half of the Period (2) sometimes overlap each other
in the write cycle. Therefore, the sense amplifier SA must
drive loads for not only the bit lines BL, /BL but also the data
bus lines DB, /DB. Thus, the amount of loads is large for the
sense amplifier SA. Due to restriction of access time, the
sense amplifier SA must amplify data on the bit lines BL,
/BL within a predetermined time. Therefore, in the event that
an amount of loads becomes large, potential difference
larger than in the readout time must be written on the bit
lines BL, /BL during the Period (3) within the Period (1). On
the other hand, in the Period (1), charges stored in memory
cells are redistributed to the bit lines BL, /BL and the sense
amplifier SA has not been activated yet at this point.
Therefore, potential difference between the bit lines BLM,
/BLM is subtle (of about several ten mV) and it is in floating
state. Accordingly, sudden potential change may occur to the
bit lines BL,, /BL which are subject to data-write. As a result,
voltage change occurs to the bit lines BLM, /BLM influ-
enced by capacity coupling between adjacent pairs of bit
lines /BL. and BLM, for example. Moreover, the potential
difference between the bit lines BLM and /BLM is subtle. As
a result, potential relation between the bit lines BLM and
/BLM is inverted due to noise caused by the capacity
coupling.

[0014] As higher circuit integration and higher speed
operation are demanded for a semiconductor integrated
circuit device, increase of an area that a write amplifier WA
should occupy on a chip so as to secure driving ability and
influence of noise onto the bit lines BLM, /BLM become
more problematic. Furthermore, the increase of driving
ability for a write amplifier WA is an obstacle to lower power
consumption demanded along with higher circuit integration
design.
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SUMMARY OF THE INVENTION

[0015] The present invention is intended to solve the
foregoing prior art deficiency. Its prime object is to provide
a semiconductor integrated circuit device capable of fully
achieving low power consumption and high-speed operation
during data-write time, and stable operation with less occur-
rence of noises due to write operation. More specifically, in
the inventive semiconductor integrated circuit device, data-
write operation on memory cells is exercised after taking the
following two steps: (1) input voltage that can be amplified
on bit lines; and (2) amplify bit line voltage by blocking data
input paths toward the bit lines.

[0016] In order to achieve the above objective, the semi-
conductor integrated circuit device based on one aspect of
this invention has memory cells and bit lines which are
connected to the memory cells and exercise readout/write of
data between the memory cells and the bit lines, wherein the
device further includes: a write amplifier for inputting the
data on the bit lines so as to write the data on the memory
cells; a switching section for connecting the write amplifier
and the bit lines; a sense amplifier for amplifying voltage
inputted on the bit lines; and the sense amplifier is activated
on condition that the write amplifier inputs the data on the
bit lines to make the switching section nonconductive.

[0017] In the inventive semiconductor integrated circuit
device, for data-write on the memory cells, the write ampli-
fier firstly inputs data into the bit lines through the switching
section and then, the sense amplifier activates and amplifies
data voltage inputted in the bit lines with the switching
section nonconductive.

[0018] FIG. 1 shows the principle of the present inven-
tion. A conduction signal for the switching section and an
activation signal for the sense amplifier are signals to make
logical high-level active state. The conduction signal for the
switching section makes the switching section active only
while in a high-level period. The activation signal for the
sense amplifier makes the sense amplifier active only while
in a high-level period. For switching hi-level periods, or
switching active periods of the two signals, a time difference
T is taken. Accordingly, it never occurs that the sense
amplifier becomes active with the switching section remain-
ing conductive. There is structured an operation sequence
wherein the sense amplifier becomes active after the switch-
ing section becomes nonconductive.

[0019] A data-write method of semiconductor integrated
circuit device based on the one aspect of this invention
comprises: data input process to input the data to be written
on the memory cells to the bit lines; separation process to
separate the bit lines from input route of the data after the
data is inputted to the bit lines; and amplification process to
amplify voltage of the data on the bit lines separated from
the input route.

[0020] Thereby, data inputted in the bit lines through the
switching section made conductive by the write amplifier are
amplified by the sense amplifier after the switch section is
made nonconductive. The data are amplified up to voltage
value to be written in the memory cells. That is, data write
operation can be conducted by taking the following two-step
operation: (1) the write amplifier inputs bit line voltage up
to voltage value to be able to amplify the sense amplifier;
and (2) after the bit line voltage is inputted, the sense
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amplifier for amplifying bit line voltage conducts normal
data readout operation. Accordingly, voltage value to be
inputted by the write amplifier is limited and driving ability
of the write amplifier is reduced to a minimum essential. As
a result, circuit scale of the write amplifier is made small, its
occupation rate on a chip can be made small, and power
consumption can be lowered. This contributes to higher
circuit integration design of semiconductor integrated circuit
device and lower power consumption. In this case, the
minimum value of the bit line voltage to be inputted by the
write amplifier corresponds to voltage of the sense amplifier
at its amplification sensitivity. If this voltage value is set as
a minimum essential voltage, driving ability of the write
amplifier can be set to a minimum essential. When the write
amplifier inputs voltage higher than the minimum essential,
the sense amplifier can surely amplify the bit line voltage
and write data on the memory cells.

[0021] The above and further objects and novel features of
the invention will more fully appear from following detailed
description when the same is read in connection with the
accompanying drawings. It is to be expressly understood,
however, that the drawings are purpose of illustration only
and not intended as a definition of the limits of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying drawings, which are incorpo-
rated in and constitute a part of this specification illustrate an
embodiment of the invention and, together with the descrip-
tion, serve to explain the objects, advantages and principles
of the invention.

[0023]

[0024] FIG. 1 is a diagram to describe principle of the
present invention;

[0025] FIG. 2 is a circuit block diagram showing a
memory cell section directed to a First Embodiment;

[0026] FIG. 3 is a circuit diagram showing the main part
of the First Embodiment;

In the drawings,

[0027] FIG. 4 is an operational waveform diagram of the
main part of the First Embodiment;

[0028] FIG. 5 is a circuit block diagram showing a
memory cell section directed to a Second Embodiment;

[0029] FIG. 6 is a circuit diagram showing the main part
of the Second Embodiment;

[0030] FIG. 7 is a waveform diagram showing operation
of the main part of the Second Embodiment;

[0031] FIG. 8 is a waveform diagram showing data-write
operation onto the memory cell section of the First and
Second Embodiments;

[0032] FIG. 9 is a circuit block diagram of prior art;

[0033] FIG. 10 is a waveform diagram showing data-
readout operation from memory cell section of prior art; and

[0034] FIG. 11 is a waveform diagram showing data-write
operation onto memory cell section of prior art.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0035] Preferred embodiments of the semiconductor inte-
grated circuit device based on this invention will be
explained in detail with reference to FIG. 2 through FIG. 8.
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[0036] A memory cell section M1 directed to a First
Embodiment as shown in FIG. 2 has a sense amplifier signal
circuit SC1 and a column switch signal circuit CS1, instead
of the sense amplifier signal circuit SC and the column
switch signal circuit CS directed to the memory cell section
M1000, prior art, as shown in FIG. 9. The column switch
signal circuit CS1 is controlled by a control signal EDC1
transmitted from the sense amplifier SC1. The controlsignal
EDC1 is a non-conductivation command signal which con-
trols switch signals CL and CLLM to make column switches
TN1, TN2, TN3 and TN4 nonconductive.

[0037] The circuit diagram directed to the First Embodi-
ment shown in FIG. 3 is a typical internal circuit composed
of the sense amplifier signal circuit SC1 and the column
switch signal circuit CS1.

[0038] An active signal ACT and a precharge signal PRE
both of which are outputted from a row control circuit RC
in accordance with a command signal CMD are inputted
onto the sense amplifier signal circuit SC1. The active signal
ACT and the precharge signal PRE are inputted onto a
command latch circuit 1. The command latch circuit 1
comprises a latch circuit wherein there are composed of two
NOR gates both having two input terminals and each of the
output signals is fed back into the other’s input terminal. An
output signal from the command latch circuit 1 is outputted
to a terminal NIl with being inverted by an inverter gate
through a NOR gate to which the active signal ACT inputted.
The terminal N11 outputs a control signal EDC1 via a timing
adjusting circuit 2 composed of a predetermined even-
numbered stages of inverter column. The control signal
EDC1 outputs a sense amplifier activating signal LE via the
timing adjusting circuit 3 and an output buffer circuit 4.
Furthermore, the control signal ECDI is outputted to the
column switch signal circuit CS1.

[0039] In the sense amplifier signal circuit SC1, an active
signal ACT in positive logic is inputted into the command
latch circuit 1 to set the terminal N11 high level. Thereby, the
sense amplifier SA is activated. An activation signal LE for
the sense amplifier SA is outputted after a sum of timing
TA+TC, beginning with an input of the active signal ACT,
lapses. The timing TA is a timing that the timing adjusting
circuit 2 adjusts output timing of the inputted signal. The
timing TC is timing that the timing adjusting circuit 3 adjusts
the same thing as the above. Non-conductivation timing of
the sense amplifier SA is taken after a lapse of the timing
TA+TC that begins with an input of the precharge signal
PRE in positive logic.

[0040] The column switch signal circuit CS1 receives a
control signal ACL as an input signal outputted from the
column control circuit CC in accordance with a command
signal CMD. The input signal ACL is inputted into a pulse
output circuit 5. Similar to the command latch circuit 1, the
pulse output circuit 5 comprises a latch circuit composed of
NOR gates, a command latch circuit 52 having inverter gate,
and a timing adjusting circuit 51. The timing adjusting
circuit 51 generates a delay signal for the timing TB from a
control signal ACL. The delay signal and the control signal
ACL are inputted into the command latch circuit 52. A
logical circuit 6 outputs an AND signal between a signal
from an output terminal N13 of the pulse output circuit 5 and
an inversion signal of a control signal EDC 1 to an output
terminal N14. Coming out from the output terminal N14,
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this AND signal is inputted to a decode circuit 7. Then, the
decode circuit 7 outputs switch signals CL, CLM to select
one of the memory cells Ta through Td decoded by an
address signal.

[0041] When a control signal ACL as a positive pulse
signal is inputted to the column switch signal circuit CS1, a
resultant signal having pulse width of the timing TB set in
the timing adjusting circuit 51 is outputted toward the
terminal N15 from the pulse output circuit 5. In case pulse
width of the control signal ACL is narrower than that of the
timing TB, the pulse width of the pulse signal outputted
toward the terminal N13 corresponds to that of the timing
TB, and in case wider than that of the timing TB, the pulse
width of the pulse signal outputted toward the terminal N13
corresponds to that of the control signal ACL. When a
control signal EDC1 has not been outputted (low level), the
positive pulse signal outputted to the terminal N13 is trans-
mitted to the terminal N14 as it is and switch signal CL or
CLM corresponding to a predetermined address is outputted
via the decode circuit 7 as a resultant signal.

[0042] FIG. 4 shows an operational waveform diagram of
the main part of the First Embodiment composed of the
sense amplifier signal circuit SC1 and the column switch
signal circuit CS1. When a write signal is inputted as a
command signal CMD, an active signal ACT transmitted
from the row control circuit RC is outputted as a positive
pulse signal and inputted to the sense amplifier signal circuit
SC1. The command latch circuit 1 latches the signal ACT to
set the output terminal N11 high level. After timing TA
passes, the signal outputted to the output terminal N11 turns
into a control signal EDC1 in high level through the timing
adjusting circuit 2. Furthermore, after the control signal
EDC1 enters and timing TC set at the timing adjusting
circuit 3 lapses, a sense amplifier activation signal LE is
outputted through the output buffer circuit 4.

[0043] The command signal CMD is inputted to the col-
umn control circuit CC as well as the row control circuit RC
simultaneously. Posterior to output of an active signal ACT,
a control signal ACL is outputted from the column control
circuit CC as a positive pulse signal. The control signal ACL.
is inputted to the pulse output circuit § integrated in the
column switch signal circuit CS1. Going into the pulse
output circuit 5, the control signal ACL sets the command
latch signal circuit 52 and is inputted to the timing adjusting
circuit 51. As a result, a pulse signal with a delay time
corresponding to timing TB is generated at the terminal N15.
The delay pulse signal outputted from the terminal N15
resets the command latch circuit 52 and a positive pulse
signal is outputted to the terminal N13. Pulse width of the
pulse signal corresponds to the timing TB set at the timing
adjusting circuit 51. The pulse signal outputted to the
terminal N13 is inputted to the logical circuit 6 to obtain
AND between the pulse signal and an inversion signal of the
control signal EDC1. That is, if the control signal ACL
following the active signal ACT outputs the pulse signal
with pulse width of the timing TB in high level to the
terminal N13 within a timing TA (from input of the active
signal ACT until output of the control signal EDC1), a pulse
signal the same as at the terminal N13 is obtained at the
output terminal N14 of the logical circuit 6. That is, the
control signal EDC1 must keep low level because a high
level signal from the terminal N11 is not transmitted while
a pulse signal is outputted to the terminal N13. The pulse
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signals at the terminal N14 are outputted as switch signals
CL and CLM via the decoder circuit 7. The pulse signals CL.
and CLLM make the column switches TN1 through TN4
conductive. Thereby, the data bus lines DB and /DB are
connected to the bit lines BL, /BL, BLM, and /BLM and
write-data from the write amplifier WA are inputted to the bit
lines BL, /BL, BLM, and /BLM.

[0044] If length of the timing TB of the timing adjusting
circuit 51 is set longer, the pulse width at the terminal N13
becomes longer in response to it. If termination timing of the
pulse signal at the terminal N13 is within the timing TA,
namely, from input of the active signal ACT until output of
the control signal EDC1, pulse width of the switch signal
CL, and CLM at the terminal N14 can be set longer in
proportion to extension rate of the pulse signal at the
terminal N13. In this case, the column switches TN1 through
TN4 are made conductive and for even longer time whereby
the data bus lines DB and /DB are connected to the bit lines
BL, /BL, BLM, and /BLM and write-data from the write
amplifier WA can be inputted to the bit lines BL, /BL, BLM,
and /BLM.

[0045] The longer the timing TB is set, the longer the pulse
width at the terminal N13 is. As a result, the control signal
EDC1 is high level when the timing TA (beginning with
input of the active signal ACT) terminates. Thereby, the
signal at the output terminal N14 within the logical circuit 6
is fixed in low level. Therefore, the resultant pulse signal at
the terminal N 14 is restricted with the timing TA beginning
with input of the active signal ACT. In this case, the
activation signal LE from the sense amplifier SAis outputted
after the timing TC (beginning with termination of the
switch signals CL, CLM) passes. That is, the activation
signal LE of the sense amplifier SA starts up allowing a
margin after lapse of a period from termination of the switch
signals CL, CLLM until lapse of the timing TC. Regardless of
length of the timing TB, the activation signal LE of the sense
amplifier SA starts up taking a timing TA+TC which begins
with input of the active signal ACT.

[0046] Although it is not shown in FIG. 4, even in case
that output of a control signal ACL against an active signal
ACT is delayed and case that output timing TA of an
activation signal LE for the sense amplifier SA is shortened,
a timing TC is surely obtained between falling of the switch
signals CL. and CLLM and rising of an activation signal LE
for the sense amplifier SA.

[0047] Other than the above settings, optimum operation
can be set by appropriately adjusting length of timing TA,
TC, and TB directed to the timing adjusting circuits 2, 3 and
51, respectively.

[0048] According to the First Embodiment, a time differ-
ence longer than the timing TC is surely obtained between
non-conductivation operation of the column switches TN1
through TN4 and activation of the sense amplifier SA.
Thereby, the sense amplifier SA can be made activated after
the column switches TN1 through TN4 are made noncon-
ductive.

[0049] Furthermore, pulse width of the switch signals CL,
CLM can be adjusted to the timing TB so that voltage to
write data on the bit lines BL, /BL, BLM, and /BLM should
be minimum voltage needed for amplification of the sense
amplifier SA. As a result, amount of task such as data input
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operation done by the write amplifier WA for the bit lines
BL, /BL, BLM, and /BLM can be limited to a minimum
essential. Thereby, driving ability of the write amplifier WA
can be lessened to a minimum essential, as well. Such
aspects as the above contribute to development of higher
circuit integration and lower power consumption for semi-
conductor integrated circuit device.

[0050] Still further, output timing of the activation signal
LE for the sense amplifier SA is fixed within the timing
TA+TC which begins with input of the active signal ACT.
Accordingly, once this timing is optimized as a readout time,
writing operation can be inserted in readout operation.

[0051] A memory cell section M2 directed to a Second
Embodiment as shown in FIG. 5 has a sense amplifier signal
circuit SC2 and a column switch signal circuit CS2, instead
of the sense amplifier signal circuit SC and the column
switch signal circuit CS directed to the memory cell section
M1000, prior art, as shown in FIG. 9. Contrary to the First
Embodiment, in the Second Embodiment, the sense ampli-
fier signal circuit SC2 is controlled by a control signal EDC2
transmitted from the column switch signal circuit CS2. The
control signal EDC2 is an activation command signal which
controls a sense amplifier activation signal LE to make sense
amplifiers SA and SAM active.

[0052] The circuit diagram directed to the Second
Embodiment shown in FIG. 6 is a typical internal circuit
composed of the sense amplifier signal circuit SC2 and the
column switch signal circuit CS2.

[0053] An active signal ACT and a precharge signal PRE
both of which are outputted from a row control circuit RC
in accordance with a command signal CMD are inputted
onto the sense amplifier signal circuit SC2. Similar to the
sense amplifier signal circuit SC1 directed to the First
Embodiment, the signals ACT and PRE are inputted to a
command latch circuit 1. The signals outputted thereto are
then outputted from a terminal N21. The signals at the
terminal N21 is outputted to a terminal N22 with a timing TA
as delay time being added via a timing adjusting circuit 2.
Asignal coming from the terminal N22 and the control
signal EDC2 from the column switch signal circuit CS2 are
inputted to a logical circuit 6 to conduct AND processing
and a processing result is outputted to a terminal N27. The
terminal N27 outputs a sense amplifier activation signal LE
via a timing adjusting circuit 3 and an output buffer circuit
4.

[0054] In the sense amplifier signal circuit SC2, an active
signal ACT in positive logic is inputted to set the terminal
N21 high level. Thereby, the sense amplifier SAis activated.
An activation signal LE for the sense amplifier SA is
outputted after a sum of timing TA+TC, beginning with an
input of the active signal ACT, lapses. The timing TA is a
timing that the timing adjusting circuit 2 adjusts output
timing of the inputted signal. The timing TC is a timing that
the timing adjusting circuit 3 adjusts the same thing as the
above. In case a high level signal is inputted as control signal
EDC2, the terminal N27 is fixed in low level and the
activation signal LE for the sense amplifier SA is blocked
(see FIG. 7). Non-conductivation timing of the sense ampli-
fier SAis taken after a lapse of the timing TA+TC that begins
with an input of the precharge signal PRE in positive logic.

[0055] The column switch signal circuit CS2 receives a
control signal ACL as an input signal outputted from the
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column control circuit CC in accordance with a command
signal CMD. Similar to the First Embodiment, the input
signal ACL is inputted to a pulse output circuit 5. An output
signal outputted from a terminal N23 in the pulse output
circuit 5§ is inputted to a timing adjusting circuit 8. The
output terminal is the control signal EDC2. The control
signal EDC2 is outputted as a switch signal CL or CLM to
select one of the bit lines BL, /BL, BLM, and /BLM to be
connected to respective memory cells Ta through Td input-
ted in the decode circuit 7 and decoded by an address signal.
Furthermore, the control signal EDC2 is inputted to the
sense amplifier signal circuit SC2.

[0056] When a control signal ACL as a positive pulse
signal is inputted to the column switch signal circuit CS2, a
resultant signal having pulse width of the timing TB is
outputted to the terminal N23. In case pulse width of the
control signal ACL is narrower than that of the timing TB,
the pulse width of the pulse signal outputted toward the
terminal N23 corresponds to that of the timing TB, and in
case wider than that of the timing TB, the pulse width of the
pulse signal outputted toward the terminal N23 corresponds
to that of the control signal ACL. Receiving a delay of the
timing TD at the timing adjusting circuit 8, the positive pulse
signal to be outputted to the terminal N23 turns into a control
signal EDC2 thereat.

[0057] FIG. 7 shows an operational waveform diagram of
the main part of the Second Embodiment composed of the
sense amplifier signal circuit SC2 and the column switch
signal circuit CS2. When a write signal is inputted as a
command signal CMD, an active signal ACT transmitted
from the row control circuit RC is outputted as a positive
pulse signal inputted to the sense amplifier signal circuit
SC2. The command latch circuit 1 latches the signal ACT to
set the output terminal N21 high level. After timing TA
passes, the signal sets the terminal N22 high level due to the
timing adjusting circuit 2.

[0058] On the other hand, the command signal CMD is
inputted to the column control circuit CC as well as the row
control circuit RC simultaneously. Posterior to output of an
active signal ACT, control signal ACL is outputted from the
column control circuit CC as a positive pulse signal. The
control signal ACL is inputted to the pulse output circuit §
integrated in the column switch signal circuit CS2. Going
into the pulse output circuit 5, the control signal ACL sets
the command latch circuit 52 and is inputted to the timing
adjusting circuit 51. As a result, a pulse signal with a delay
time corresponding to timing TB is generated at the terminal
N26. The delay pulse signal outputted from the terminal N26
resets the command latch circuit 52 and a positive pulse
signal is outputted to the terminal N23. Pulse width of the
pulse signal corresponds to the timing TB set at the timing
adjusting circuit 51. The pulse signal outputted to the
terminal N23 is outputted as a control signal EDC2 after
lapse of the timing TD set at the timing adjusting circuit 8.
Through the decoder circuit 7, switch signals CL. and CLM
are outputted as resultant signal. The pulse signals CL and
CLM make the column switches TN1 through TN4 conduc-
tive while they are high level. Thereby, the data bus lines DB
and /DB are connected to the bit lines BL, /BL, BLM, and
/BLM and write data from the write amplifier WA are
inputted to the bit lines BL, /BL, BLM, and /BLM.

[0059] The control signal EDC2 is inputted to the logical
circuit 6 to output an inverse pulse signal to the terminal
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N25. Provided that the inverse pulse signal at the terminal
N25 is set to start up within the timing TA (from input of an
active signal ACT until output of a high level signal at the
terminal N22), the signal outputted from the logical circuit
6 to the terminal N27 becomes high level when both a signal
at the terminal N22 and a signal at the terminal N25 become
high level. After the timing TC set by the timing adjusting
circuit 3 lapses, the terminal N27 outputs a sense amplifier
activating signal LE via the output buffer circuit 4. Gener-
ally, typical pulse outputs of switch signals CL, CLM are set
with taking a time long enough to activate the sense ampli-
fier SA. Accordingly, posterior to an inverse pulse signal at
the terminal N25, a signal at the terminal N22 shifts to high
level. That is, timing TC can surely be obtained within a time
between output termination of switch signals CL, CLM and
start up of a sense amplifier activating signal LE.

[0060] In case pulse output of the switch signals CL, and
CLM becomes longer and lasts even after an inverse signal
at the terminal N25 shifts to high level, high-level shift of the
terminal N27 is determined by the inverse pulse signal at the
terminal N25. In this case as well, timing TC can surely be
obtained within a time between output termination of switch
signals CL, CLM and start up of a sense amplifier activating
signal LE.

[0061] Due to a control signal ACL following an active
signal ACT, a pulse signal is outputted to the terminal N23.
After lapse of the timing TD, the pulse signal turns into a
control signal EDC2. If a pulse of the control signal EDC2
starts and ends within timing TA, an activation signal LE for
the sense amplifier SA is outputted with fixed to the timing
TA+TC beginning with input of an active signal ACT. Once
the time of the control signal EDC2 as a pulse signal is
optimized as readout time, write operation can be inserted
within a period of readout operation.

[0062] Similar to the First Embodiment, optimum opera-
tion can be set by appropriately adjusting length of timing
TA, TC, TD, and TB directed to the timing adjusting circuits
2,3, 8, and 51, respectively.

[0063] According to the Second Embodiment, a time
difference longer than the timing TC is surely obtained
between non-conductivation operation of the column
switches TN1 through TN4 and activation of the sense
amplifier SA. Thereby, the sense amplifier SA can be made
active after the column switches TN1 through TN4 are made
nonconductive.

[0064] Furthermore, pulse width of the switch signals CL,
CLM can be adjusted to the timing TB so that voltage to
write data on the bit lines BL, /BL, BLM, and /BLLM should
be minimum voltage needed for amplification of the sense
amplifier SA. As a result, amount of task such as data input
operation done by the write amplifier WA for the bit lines
BL, /BL, BLM, and /BLM can be limited to a minimum
essential. Thereby, driving ability of the write amplifier WA
can be lessened to a minimum essential, as well. Such
aspects as the above contribute to development of higher
circuit integration and lower power for semiconductor inte-
grated circuit device.

[0065] Still further, output timing of the activation signal
LE for the sense amplifier SA is fixed within the timing
TA+TC which begins with input of the active signal ACT.
Accordingly, once this timing is optimized as a readout time,
writing operation can be inserted in readout operation.
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[0066] FIG. 8 shows a data-write operation waveform
with respect to the memory cell sections M1 and M2 directed
to the First and Second Embodiments, respectively. The
memory cells M1 and M2 include the sense amplifier signal
circuits SC1 and SC2, and the column switch signal circuits
CS1 and CS2, respectively. Receiving a command signal
CMD, an active signal ACT is outputted from the row
control circuit RC. In response to the active signal ACT, the
word line WL starts up and then, the sense amplifier SA
activates. Until the sense amplifier SA activates, a control
signal ACL is outputted from the column control circuit CC
to terminate an output pulse of a switch signal CL.. When the
word line WL starts up, all the memory cells Ta, Tb, Tc, and
Td are connected to the bit lines BL, /BL, BLM, and /BLM,
respectively, whereby, cell charges are redistributed to the
bit lines BL, /BL, BLM, and /BLM (Period @) During the
Period @, the column switches TN1, and TN2 toward the
bit lines BL, /BL connected to the memory cell Tc subject to
data-write is made conductive so as to write data to the
memory cell Tc (Period (3) within Period (1)). Voltage for
data-write may be voltage level that the sense amplifier SA
can amplify by itself during amplification period for the bit
lines BL, /BL, BLM, and /BLM (Period (2)) due to activa-
tion of the sense amplifier SA. Accordingly, voltage to write
data to the bit lines BL, /BL during the Period (3) within the
Period @ may be voltage necessary to redistribute charges
to the bit lines BL,/BL. during data-readout. Although the
output period of the switch signal CL is short, voltage for
write may be subtle. Accordingly, driving ability of the write
amplifier WA can be restricted.

[0067] Accordingly, after the column switches TN1 and
TN2 are made nonconductive, the sense amplifier SA ampli-
fies data inputted to the bit lines BL, /BL by the write
amplifier WA through the column switches TN1, TN2 as a
switch section in conductive state. The data are amplified up
to a voltage value high enough to be written in the memory
cell Tc. That is, the write amplifier WA can exercise write
operation taking the following two steps: (1) amplify voltage
up to a voltage value that the sense amplifier SA can amplify
and input the amplified voltage to the bit lines BL, /BL; and
(2) exercise sequential operation in accordance with normal
readout operation that the sense amplifier SA amplifies
voltage for the bit lines BL, /BL. Accordingly, a voltage
value that the write amplifier WA should input is limited and
its driving ability can be lessened to a minimum essential. As
a result, circuit scale of the write amplifier WA can be made
small, thereby to make an area for a write amplifier WA
occupied on a chip small and to lower power consumption.
The aspects such as above definitely contribute to develop-
ment of higher circuit integration and lower power con-
sumption. The minimum voltage value that the write ampli-
fier WA should input to the bit lines BL, /BL is a voltage
value for amplification sensitivity of the sense amplifier SA.
Once the voltage value is set as a minimum essential
voltage, driving ability of the write amplifier WA can be set
to a minimum essential. When the write amplifier WA inputs
voltage higher than the minimum essential, voltage to the bit
lines BL, /BL sure can be amplified. Thereby, data sure can
be written in the memory cell Te.

[0068] Since voltage value with which the write amplifier
WA writes data in the bit lines BL, /BL is restricted to
voltage sensitivity for the bit lines BL, /BL, an amount of
voltage transition at the bit lines BL, /BL due to the write
operation is small. As a result, noise due to capacity coupling
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that takes place at the adjacent memory cells Ta, Tb, and Td
or the bit lines BL, /BL becomes little and erroncous data
inversion due to data write operation can be prevented.

[0069] Furthermore, the manner that the sense amplifier
SA amplifies voltage for the bit lines BL, /BL after the
column switch TN1, TN2 are made nonconductive is similar
to a manner that the sense amplifier SA amplifies voltage for
normal readout operation. Furthermore, a voltage value to be
inputted to the bit lines BL, /BL. during data-write operation
can be restricted. Therefore, the write amplifier WA can
perform data-write operation with minimum necessary driv-
ing ability. Accordingly, writing operation can be inserted in
readout operation by using a write amplifier WA that occu-
pies a small are in a limited circuit scale realizes low power
consumption. That is, a write operation cycle can be realized
within a cycle the same as a readout operation cycle.

[0070] The present invention is not confined to the fore-
going the First and Second Embodiments, but various modi-
fications and alterations are obviously possible within the
scope of the substance of the invention.

[0071] For example, though operation state of the write
amplifier WA is not mentioned in the embodiments, a write
amplifier may stop operation after predetermined voltage is
written into bit lines. Thereby, power consumption of a write
amplifier can be further lessened.

[0072] According to the present invention, there is pro-
vided a semiconductor integrated circuit device capable of
achieving low power consumption and high-speed operation
during data-write operation, and stable operation with less
occurrence of noises due to write operation. More specifi-
cally, data-write operation on memory cells is exercised after
taking the following two steps: (1) input voltage that can be
amplified on bit lines; and (2) amplify bit line voltage by
blocking data input paths toward the bit lines.

What is claimed is:

1. A semiconductor integrated circuit device including
memory cells and bit lines which are connected to the
memory cells and exercise readout/write of data between the
memory cells and the bit lines,

wherein the device further includes:

a write amplifier for inputting the data on the bit lines
so as to write the data on the memory cells;

a switching section for connecting the write amplifier
and the bit lines; and

a sense amplifier for amplifyingvoltage inputted on the
bit lines;

the sense amplifier being activated on condition that the
write amplifier inputs the data on the bit lines to
make the switching section nonconductive.

2. A semiconductor integrated circuit device according to
claim 1, wherein the switching section is made nonconduc-
tive after the voltage inputted on the bit lines through the
switching section in conductive state reaches a predeter-
mined voltage value.

3. A semiconductor integrated circuit device according to
claim 2, wherein the predetermined voltage value is a
potential difference high enough for the sense amplifier to
amplify voltage appropriately.
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4. A semiconductor integrated circuit device according to
claim 1 further including a sense amplifier activating circuit,
wherein non-conductivation control of the switching section
is exercised based on a non-conductivation command signal
from the sense amplifier activating circuit.

5. A semiconductor integrated circuit device according to
claim 4 further including a timing adjusting circuit arranged
in a circuit path between the non-conductivation command
signal and the sense amplifier activating circuit, wherein
activation timing for the sense amplifier is a predetermined
timing of delay against non-conductivation timing for the
switching section.

6. A semiconductor integrated circuit device according to
claim 1 further comprising a switching control circuit for
controlling the switching section, wherein activation control
of the sense amplifier is exercised based on an activation
command signal from the switching control circuit.

7. A semiconductor integrated circuit device according to
claim 6 further including a timing adjusting circuit arranged
in a circuit path between the activation command signal and
the sense amplifier activating circuit, wherein activation
timing for the sense amplifier is a predetermined timing of
delay against non-conductivation timing for the switching
section.

8. A semiconductor integrated circuit device according to
claim 1 further including a switching control circuit for
controlling the switching section which outputs a pulse
signal with a predetermined time width, wherein the pulse
signal makes the switching section conductive.

9. A semiconductor integrated circuit device according to
claim 1, wherein a command input executes selection of the
memory cells, and discrimination of data-readout from the
memory cells or data-write thereto.

10. A semiconductor integrated circuit device according
to claim 9, wherein the memory cells have capacity elements
and the data are recorded based on present/absent of charge
storage for the capacity elements.

11. Data-write method of a semiconductor integrated
circuit device including memory cells and bit lines which are
connected to the memory cells and exercise read/write of
data between the memory cells, the data-write method
comprises:

data input process to input the data to be written on the
memory cells to the bit lines;

separation process to separate the bit lines from input
route of the data after the data is inputted to the bit
lines; and

amplification process to amplify voltage of the data on the

bit lines separated from the input route.

12. Data-write method according to claim 11, wherein the
separation process is conducted after voltage of the data to
be inputted to the bit lines in accordance with the data input
process reaches a predetermined voltage value.

13. Data-write method according to claim 12, wherein the
predetermined voltage value is a potential difference high
enough for the sense amplifier to amplify voltage appropri-
ately in the amplification process.

14. Data-write method according to claim 11 further
including timing adjusting process to delay timing of a shift
from the separation process to the amplification process by
a predetermined length of timing.



