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BACKGR&)UND OF THE INVENTION

:l‘he ﬁ?'resent invention relates to a semiconductor
integrﬁted ci'z_:cuit having a differential amplifier which
amplifies 'a.l small signal, and particularly to a circuit
arrangement of a sense amplifier used suitably in a static RAM
(Random Access Memory).

There has been known this kind of sense amplifier having
a circuit arrangement on a semiconductor chip as shown in Fig.3.
In the figure, reference symbols CDB02, CDT02, SAEQBO2 and SACMO02
denote external input signals supplied to the sense amplifier,
STB02 and STT02 are nodes for output signal lead-out, VCC is a
supply voltage, and GND is a ground voltage.

Among the input signals, the CDB02 is fed to the gate of
an NMOS transistor MN203, the CDT02 is fed to the gate of an NMOS
transistor MN204, the SAEQB02 is fed to the gates of PMOS
tran_sj.stors MP201, MP202, MP203, MP‘206, MP207 and MP208, and the
SAC.MOZ is fed to the gate of an NMOS transistor MN205. The supply
voltage VCC is fed to the sources of the PMOS transistors MP201,
MP202, MP204, MP205, MP206 and MP207. The node STT02 is
connected to the node of drains (joint drains) of the PMOS
transistor MP205 and NMOS transistor MN202, the joint gates of
the PMOS transistor MP204 and NMOS transistor MN201, and the drain
of the PMOS transistor MP201.

The PMOS transistor MP203 has its drain-source path
connected between the gates of the PMOS transistors MP204 and

MP205. The node STB02 is connected to the joint drains of the
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PMOS transistor MP204 and NMOS transistor MN201, the joint.gates

of the PMOS transistor MP205 and NMOS transistor MN202, and the
drain of the PMOS transistor MP202. The PMOS transistors MP206
and MP207 have their drains connected to the drains of the
transistors MN203 and MN204, respectively.

The PMOS transistor MP208 has its drain-source path
connected between the drains of the NMOS transistors MN203 and
MN204. The NMOS transistors MN203 and MN204, with their sources
connected together, have their drains connected to the sources
of the NMOS transistors MN201 and MN202, respectively. The NMOS
transistor MN20S has its source grounded, its drain connected
to the joint sources of the NMOS transistors MN203 and MN204,
and its gate supplied with the signal SACMOZ;

In this conventional sense amplifier, the NMOS transistor
MN205 serves as a current source, and a pair of NMOS transistors
MN203 and MN204 connected to the current source form a
differential circuit. The PMOS transistor MP204 and NMOS
transistor MN201l form one inverter and the PMOS transistor MP205
and NMOS transistor MN202 form another inverter, with these
inverters forming a latch circuit. Accordingly, this sense
amplifier is a 3-stage serial connection of the latch circuit,
differential circuit and current source.

Normally, the input signal SAEQBO2 is "low", causing the
PMOS transistors MP203 and MP208 to equalize and reset the nodes
STB02 and STT02 to the supply voltage VCC, and the activation
signal SACM02 is "low" so that the sense amplifier stays inactive.

Fig.4 shows the operating waveforms of this conventional

sense amplifier. At a time when a small voltage difference
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arises between the input signals CDT02 and CDB02, e.g., the.CBT02

voltage is VCC and the CDB02 voltage is VCC-V1 (VI<VCC), the
signal SAEQB02 is brought to "high" and subsequently the signal
SACM02 is brought to "high". Consequently, a current Il flows
through the NMOS transistor MN204 and a current I1-I2 (I1>I2)
flows through the NMOS transistor MN203.

Since the nodes STB02 and STT02 are reset to the voltage
vcC, the currents I1 and I1-I2 flow through the NMOS transistors
MN202 and MN201l, respectively, resulting in a slight voltage
difference emerging between the nodes STB02 and STT02 (STBO2
voltage becomes lower than STT02 voltage). This voltage
difference is amplified by the latch circuit formed of the PMOS
transistors MP204 and MP205 and NMOS transistors MN201 and MN202,
resulting in an amplified voltage difference produced between
the nodes STB02 and STTO02.

At the time of arise of a small voltage difference between
the input signals CDT02 and CDB02, the signal SACMO2 is brought
to "high", as mentioned above, thereby to activate the sense
amplifier, and the reset signal SAEQBO2 is brought to "high".
Consequently, currents flow through the NMOS transistors MN203
and MN204 having the input signals CDT02 and CDB02. The values
of these currents depend on the difference of gate voltages of
the transistors MN203 and MN204. The current difference causes
the latch circuit to produce output signals, which are amplified
voltages of the input signals CDT02 and CDB02, on the nodes STB02
and STTO2.

A sense amplifier having the foregoing arrangement is

described in publication: 1992 Symposium on VLSI Circuits Digest
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U.S.Patent No.4,504,748 discloses in its Fig.6 another
sense amplifier.

Japanese patent publication JP-A-Hei-5-298887 shows in
its Fig.12 a sense amplifier, which operates such that the
amplifier is rid of equalization in response to the output of
data from the DRAM memory cell, and the data is introduced through
joint-source PMOS transistors P1 and P2 located at the front of
the latch circuit.

In regard to the conventional sense amplifier shown in
Fig.3, in which the differential circuit and latch circuit are
connected in series, the current on the node STB02 (or STT02)
is drawn by way of the NMOS transistors MN201 and MN203 (or MN202
and MN204), i.e., three series NMCS transistors inclusive of the
currentsourcetransistorMNZOS,andthehigh—resistancecurren£.'
path results in an extended output response time on the node STB02
(or STT02). Specifically, as an example of application of this
sense amplifier, a cache memory formed of a static RAM operating
at a read cycle of 66 MHz takes an output response time of about
2.0 ns. In order to accomplish a cache memory which operates
as fast as 100 MHz or higher, a sense amplifier having an cutput
delay time of 1.5 ns or less is required.

The sense amplifier described in the U.S.Patent
No.4,504,748 does not use a latchcircuit formed by CMOS inverters,
and therefore a small output voltage amplitude results in a slower
signal propagatioﬁ to the next stage.

In regard to the sense amplifier described in the JP-

A-Hei-5-298887, the joint-source PMOS transistors Pl animﬁz
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forming the input section of the sense amplifier do not have a
common current source, and thus the input section does not have
a differential input configuration. On this account, the sense
amplifier suffers a smaller operational margin in terms of the
input voltage amplitude and a limited amplification, and
therefore it cannot deliver an amplified signal of data from a
memory cell at a high speed.

A large number of sense amplifiers are used in a memory,
and they take up a large proportion of the chip area (e.g.,5%
area for a 1M-bit cache memory), and therefore besides the
achievement of speed-up without increased power consumption, the
reduction of the number of transistors used to form a sense

amplifier thereby to reduce the chip area is also desired.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to
provide a semiconductor integrated circuit for a sense arﬁplifier ,
capable of reducing the output delay time which is the time length
after the sense amplifier is activated and the reset signal
(SAEQBO02) is removed until the amplifier output responses.

Another object of the present invention is to provide a
semiconductor integrated ci;cuit for a sense amplifier capable
of reducing the output delay time without imposing an increased
power consumption, and reducing the number of constituent
elements thereby to reduce the chip area.

In order to achieve the above objects, the present

invention resides in a semiconductor integrated circuit

comprising a differential amplifying circuit formed of a first
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and second NMOS transistors, with their sources connected

tbgether, for amplifying a voltage difference between a first
and second input signals, i.e., specifically, NMOS transistors
MN101 and MN102 for amplifying a voltage difference of input
signals CDB01l and CDTO1 in Fiqg.1l, a current source connected to
the joint sources of the first and second NMOS transistors, and
a latch circuit made up of a £irst CMOS inverter which is supplied
on its input with the output of the differential amplifying
circuit corresponding to the second input signal and is connected
to a first power line, i.e., supply voltage VCC, and a second
CMOS inverter which is supplied on its input with the output of
the differential amplifying circuit corresponding to the first
input signal and is connected to the first power line, the first
and second CMOS inverters having their outputs connected to the
inputs of the second and first CMOS inverters, respectively, and
being connected in series to the current source.

The first CMOS inverter is formed of a first PMOS
transistor, i.e., MP104 in Fig.l, having its source connected
to‘the first power line and a third NMOS transistor, i.e., MN103,
having its drain connected to the drain of the first PMOS
transistor. The second CMOS inverter is formed of a second PMOS
transistor, i.e., MP105, having its source connected to the first
power line and a fourth NMOS transistor, i.e., MN104, having its
drain connected to the drain of the second PMOS transistor. The
current source is formed of a fifth NMOS transistor, i.e., MN105,
having its source connected to a second power line, i.e., ground
voltage GND, its gate supplied with a third input signal, i.e.;,

SACMO01l, and its drain connected to the sources of the first and
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second NMOS transistors. .

Preferably, the circuit further includes a third PMOS
transistor, i.e., MP101 in Fig.l, having its drain connected to
the gates of the first PMOS transistor and the third NMOS
transistor, the drains of the second PMOS transistor and the
second and fourth NMOS transistors, a fourth PMOS transistor,
i.e., MP102, having its drain connected to the gates of the second
PMOS transistor and the fourth NMOS transistor, the drains of
the first PMOS transistor and the first and third NMOS transistors,
and a fifth PMOS transistor, i.e., MP103 having its drain-source
path connected between the gates of the first and second PMOS
transistors, with the third, fourth and fifth PMOS transistors
being supplied on their gates with a fourth input signal, i.e.,
SAEQBO1.

Alternatively, the circuit further includes a sixth NMOS
transistor connected between the first NMOS transistor of the
differential amplifying circuit and the current source, i.e.,
MN106 connected between the MN101 and the current source MN105
in.Fig.G, and supplied on its gate with the output signal of the
second CMOS inverter of the latch circuit, and a seventh NMOS
transistor connected between the second NMOS transistor of the
differential amplifying circuit and the current source, i.e.;
MN107 connected between the MN102 and the current source MN105,
and supplied on its gate with the output signal of the first CMOS
inverter of the latch circuit.

Preferably, the circuit further includes a sixth PMOS
transistor having its drain-source path connected between the

drains of the sixth and seventh NMOS transistors, i.e., MP106
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having its drain-source path connecte:d between the drains-of-the

MN106 and MN107 in Fig.6, with the sixth PMOS transistor being
supplied on its gate with the fourth irput signal, i.e., SAEQBOL.

These and other objects and features of the present
invention will become more apparant from the Ffollowing

description taken in conjunction with :he accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic diagram of a sense amplifier
accomplished by a semiconductor inteqraﬁed circuit based on a
first embodiment of this invention;

Fig. 2 is a waveform diagram explaining the operaiion of

the sense amplifier shown in Fig.1l;

Fig. 3 is a schematic diagrar: of a conventional sense:

amplifier;

Fig. 4 is a waveform diagram e:;plaining the operation of
the conventional sense amplifier shown in Fig.3;

Fig. 5 is a waveform diagram e: plaining the opervation of
the sense amplifier shown in Fig.1l;

Fig. 6 is a schematic diagram of a sense amplifier
accomplished by a semiconductor intejyrated circuit based on a
second embodiment of this invention

Fig. 7 is a waveform diagram e:plaining the operation of
the sense amplifier shown in Fig.6;

Fig. 8 is a schematic diagram of a sense amplifier
accomplished by a semiconductor intejrated circuit based on a
third embodiment of this invention;

Fig. 9 is a schematic diagram of a sense amplifier
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accomplished by a semiconductor integrated circuit based on a

fourth embodiment of this invention;

Fig. 10 is a waveform diagram explaining the operation
of the sense amplifiers shown in Fig.8 and Fig.9;

Fig. 11 is a schematic diagram of a sense amplifier
accomplished by a semiconductor integrated circuit based on a
fifth embodiment of this invention;

Fig. 12 is a schematic diagram of a sense amplifier
accomplished by a semiconductor integrated circuit based on a
sixth embodiment of this invention;

Fig. 13 is a waveform diagram explaining the operation
of the sense amplifiers shown in Fig. 11 and Fig. 12; and

Fig. 14 is a waveform diagram explaining the operation

of the sense amplifiers shown in Fig. 11 and Fig. 12.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of this inventionwill be explained
with reference to the drawings.

Fig. 1 shows a sense amplifier accomplished by a
semiconductor integrated circuit based on the first embodiment
of this invention. In the figure, reference symbols CDB01, CDTO1,
SAEQBO1 and SACMO1 denote external input signals supplied to the
sense amplifier, STBO1 and STT01 are nodes for output signal
lead-out, VCC is a supply voltage, and GND is a ground voltage.

Among the input signals, the CDB01l is fed to the gate of
an NMOS transistor MN101l, the CDTO01 is fed to the gate of an NMOS
transistor MN102, the SAEQBOl is fed toc the gates of PMOS

transistors MP101, MP102 and MP103, and the SACMO1 is fed to the
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gate of an NMOS transistor MN105. The supply voltage VCC is fed

to the sources of the PMOS transistors MP101l, MP102, MP104 and
MP105. The node STTO0l is connected to the joint drains of the
PMOS transistor MP105 and NMOS transistor MN104, the joint gates
of the PMOS transistor MP104 and NMOS transistor MN103, and the
drain of the PMOS transistor MP101.

' The PMOS transistor MP103 has its drain-source path
connected between the gates o.f the PMOS transistors MP104 and
MP105. The node STBO01l is connected to the joint drains of the
PMOS transistor MP104 and NMOS transistor MN103, the joint gates
of the PMOS transistor MP105 and NMOS transistor MN104, and the

drain of the PMOS transistor MP102. The NMOS transistor MN101
has its drain connected to the joint drains of the NMOS transistor
MN103 and PMOS transistor MP104, and the joint gates of the NMOS
transistor MN104 and PMOS transistor MP105.

The NMOS transistor MN102 has ité drain connected to the
joint drains of the NMOS transistor MN104 and PMOS transistor
MP105 and the joint gates of the NMOS transistor MN103 and PMOS
tr.ansistor MP104. The NMOS transistor MN10S5 has its source
grounded and its drain connected to the joint sources of the NMOS
transistors MN101, MN102 MN103 and MN104.

The sense amplifier of this embeodiment consists of a latch
circuit which is made up of a CMOS inverter formed of the PMOS
transistor MP104 and NMOS transistor MN103 and another CMOS
inverter formed of the MP10S and MN104, a differential amplifying
circuit formed of the NMOS transistor MN101 connected in parallel
to the MN103 of the latch circuit and the NMOS transistor MN102

connected in parallel to the MN104, and a current source which

e e et
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is formed of the NMOS transistor MN105 connected in serieg to

the NMOS transistors MN101l, MN102 MN103 and MN104,.

The sense amplifier operates as follows. The NMOS
transistors MN101 and MN102 amplify a small voltage difference
between the input signals CDT01 and CDBC1l, causing the voltage
on the nodes STBG1 and STT01 to vary. The NMOS transistors MN103
and MN104 amplify the varied voltages on the nodes STB01 and STTO1.
This circuit arrangement, in which a small voltage difference
between the input signals CDTO01 and CDBO1l is amplified in two
stages and the amplifyingcircuit is of 2-stage serial connection
of the current source transistor MN105 and transistors MN101 and
MN103 (or MN102 and MN104), can reduce the delay time of output
response on the node STB01l (or STTO01).

Fig. 2 shows the signal waveforms of the sense amplifier
shown in Fig.l. Normally, the signals SACMO1l and SAEQB(01l are
"low", causing the nodes STBO1 and STTO01l to be reset to the VCC
voltage. At a time when a small voltage difference arises
between the input signals CDT01 and CDB01, e.qg., the CDT01 voltage
is ‘VCC and the CDB01 voltage is VCC-V1 (V1<VCC), the reset signal
SAEQBO1 is brought to "high" (i.e., reset state is lifted ), and
subsequently the signal SACMO01 is brought tq "high" (i.e., sense
amplifier is activated). Consequently, a current Il flows
through the NMOS transistor MN102 and a current I1-I2 (I1>I2)
flows through the NMOS transistor MN1O01.

At this time, a small voltage difference emerges between
the nodes STBO1 and STT01 (STBO1 voltage becomes lower than STT01
voltage). This voltage difference is amplified by the latch

circuit formed of the PMOS transistors MP104 and MP105 and NMOS

11
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transistors MN103 and MN104, resulting in an amplified voltage

produced difference between the nodes STB0O1l and STTO1l.

This sense amplifier is different from the conventional
sense amplifier shown in Fig.3 in that a small voltag.e difference
is amplified in two stages and the amplifying circuit is of
2-stage serial connection of the current source transistor MN105
and transistors MN101l and MN103 (or MN102 and MN104), and it can
reduce the delay time of output response on the node STBO1l (or
STT01) by At, as shown in Fig.2 in contrast to the conventional
circuit of Fig.4.

It was confirmed that the sense amplifier of this
embodiment made from CMOS of 0.4um process attains a delay time
reduction At of 0.6 ns as compared with the conventional sense
amplifier. Namely, it operates faster than the conventional
sense amplifier.

The sense amplifier of this embodiment shown in Fig.1l also
operates in response to the rises of the SACM01l signal to "high"
and next the SAEQBO1l signal to "high" (reversed order of rising
of.the signals against the case of Fig.2), as shown in Fig.5.

At a time wheh a small voltage difference arises between
the input signals CDTC1l and CDBOl, e.g., the CDTOl voltage is
VCC and the CDBO1 voltage is VCC-V1 (V1<VCC), the signal SACMO1
is brought to "high" and next the signal SAEQBO1l is brought to
"high®". 1In this case, during the period when SACMO1l is "high"
and SAEQBO1 is "low", a current from the power source flows to
the PMOS transistors MP101l, MP102 and MP1l03, to the NMOS
transistors MN101, MN102, MN103 and MN104, and to the GND, causing

the voltage on the nodes STB01 and STTO01 to fall below VCC. At

12 “_
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the same time, the voltage of the input signal CDBO1 begins to

fall, creating a voltage difference between the input signals
CDTO01 and CDBO1l, and the current of the NMOS transistor MN101
becomes smaller than the current of the NMOS transistor MN102.
Consequently, a slight difference emerges in the falling voltage
on the nodes STBO01l and STT01 (STBO1l voltage becomes lower than
STT01 voltage).

Subsequently, when the signal SAEQBO1 goes "high", the
slight voltage difference is amplified by the latch circuit
formed of the PMOS transistors MP104 and MP105 and NMOS
transistors MN103 and MN104, resulting in an amplified voltage
difference between the nodes STBO1l and STT01l. There is already
avoltagedifferencebetwgenthenodesSTBOIandSTTOl,withtheir
voltages being below VCC, when the signal SAEQBO1 goes "high",
and the delay time of output response on the nodes STB01 and STTO1
are reduced by Atl as shown in Fig.5 in contrast to the circuit
of Fig.2 (in which case, SAEQBO1l goes "high", and next SACMO1
goes "high"}).

The sense amplifier of this embodiment has its number of
transistors reduced to 10 from the conventional sense amplifier
of Fig.3 having 13 transistors, and it contributes significantly
to the reduction of chip area for a memory which uses a large
number of sense amplifiers.

Fig. 6 shows a sense amplifier accomplished by a
semiconductor integrated circuit based on the second embodiment
of this invention. This sense amplifier, which is derived from
the first embodiment of Fig.1l, further includes an NMOS

transistor MN106 inserted between the NMOS transistors MN105 and

13 fff{mm




This Sheet Has Been Replaced

MN101l and another NMOS transistor MN107 inserted between the IMOS

transistors MN10S5 and MN102. Specifically, the MN106 and MN107
have their drains connected to the sources of the MN101 and MN102,
respectively, and their gates connected to the nodes STT01 and
STBO1l, respectively. The source-grounded NMOS transistor MN105
has its drain connected to the joint sources of the NMOS
transistors MN106, MN107, MN103 and MN104. Further included is
a PMOS transistor MP106 having its drain and source connected
to the node of the source of MN101l and drain of MN106 and the
node of the source of MN102 and drain of MN107.

The sense amplifier of this embodiment consists of a latch
circuit flormed of the PMOS transistors MP104 and MP105 and NMOS
transistors MN103 and MN104 connected as shown in Fig.1l, the NMOS
transistor MN101 connected in parallel to the MN103 of the latch
circuit, the NMOS transistor MN106 connected in parallel to the
MN103 and in series to the MN101l (and connected at its gate to
the output of the inverter formed of the MP10S5 and MN104}, the
NMOS transistor MN102 connected in parallel to the MN104, the
NMOS transistor MN107 connected in parallel to the MN104 and in
series to the MN102 (and connected at its gate to the output of
the inverter formed of the MP104 and MN103), and the NMOS
transistor MN105 as a current source connected in series to the
MN106, MN107, MN103 and MN104.

This sense amplifier operates similarly to the first
embodiment as follows. The NMOS transistors MN10l and MN102
amplify a small voltage difference between the input signals
CDTO01 and CDPBO1l, causing the veltage on the nodes STB0O1 and STTO01

to vary. The NMOS transistors MN103 and MN104 amplify the varied

14
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voltages on the nodes STB01 and STT01. This circuit arrangement,

in which a small voltage difference between the input signals
CDT01 and CDBO1 is amplified in two stages and the amplifying
circuit is of 2-stage serial connection of the current source
transistor MN105 and transistor MN103 (or MN104), can reduce the
delay time of output response on the node STBOl (or STTOl).

In addition, during the period after output signals have
been led out to the ncdes STBO01l and STTO0l, e.g., "low" output
to sTBO1 and "high" output to STTO01, until the signals SAEQBO1
and SACMO0]l go "low", the NMOS transistor MN107 having its gate
connected to the node STBO1 turns off. Namely, the current
flowing in this period in the case of the first embodiment from
the power source tc the PMOS transistor MP105 having its gate
connected to the node STB01, to the NMOS transistor MN102 having
its gate supplied with the input signal CDT01 ("high"), to the
current source NMOS transistor MN105, and to the GND can be
eliminated. As a result of the addition of the NMOS transistors
MN106 and MN107, the power consumption of the sense amplifier
can be reduced.

Fig. 7 shows the signal waveforms of the sense amplifier
shown in Fig. 6. Normally, the signals SACMO1l and SAEQBO1l are
"low", causing the nodes STBO01l and STT01l to be reset to the VCC
voltage. At a time when a small voltage difference arises
between the input signals CDPT01 and CDBO01l, the reset signal
SAEQBO1l is brought to "high" (i.e., reset state is lifted), and
subsequently the signal SACM01 is brought to "high" (i.e., sense
amplifier is activated).

At this time, a small voltage difference emerges between

15
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the nodes STBO1 and STT01 (STBO01 voltage becomes lower thamrSTTO1

voltage). This voltage difference is amplified by the latch
circult formed of the PMOS transistors MP104 and MP105 and NMOS
transistors MN103 and MN104, resulting in an amplified voltage
difference produced between the nodes STBOl and STTO01.

This sense amplifier is different from the conventional
sense amplifier shown in Fig.3 in that a small voltage difference
is amplified in two stages and the amplifying circuit is of
2-stage serial connection of the current source transistor MN105
and transistor MN103 (or MN104), and it can reduce the delay time
of output response on the node STB01l (or STTC1).

In addition, during the period after the outputs on the
nodés STBO01 and STTO01 have varied, e.g., "high" output to STBO1
and "low" ocutput to STTO01, until the signals SAEQBO1l and SACMO1
go "low", the NMOS transistors MN103 and MN106 having their gates
connected to the node STT01 and the PMOS transistor MP10S5 having
its gates connected to the node STBO01 all turn off, causing the
current ISA flowing through the current source MN105 to the GND
to_zero.

In contrast, in the first embodiment of Fig.1l, a current
ISA flows during this period from the power source to the PMOS
transistor MP104 having its gate connected to the node STT0IL,
to the NMOS transistor MN10l having its gate supplied with the
input signal CDBO1l (VCC-V1 is higher than threshold voltage of
NMOS transistor), to the current source MN105, and to the GND.
In the conventional sense amplifier shown in Fig.3, the NMOS
transistor MN201 having its gate connected to the node STT02 and

the PMOS transistor MP105 having its gate connected to the node
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STB02 turn off during this period, causing the current ISA f£rowing

—_—

through the current source MN205 to the GND to subside.

The current ISA flowing through the MN105 based on this
embodiment is compared in Fig.7 with that of the first embodiment
of Fig.1l and the current flowing through the MN205 of the
conventional sense amplifier shown in Fig.3. The figure reveals
that the second embodiment of Fig.7 can reduce the current ISA
relative to the first embodiment, and it is comparable to that
of the conventional sense amplifier.

It was confirmed that the sense amplifier of the second
embodiment made from CMOS of 0.4um process attains a delay time
reduction At of 0.6 ns as compared with the conventional sense
amplifier and, at the same time, a load current of 200 pA (at
200 MHz ) which is comparable to the conventional sense amplifier.
Namely, it operates faster than the conventional sense amplifier
at a comparable power consumption.

The sense amplifier of this embodiment also operates in
response to the rises of the SACMO1 signal to "high"™ and next
the SAEQBO1l signal to "high" (reversed order of rising of the
signals against the case of Fig.2) similarly to the first
embodiment shown in Fig.5, and it can reduce the delay time of
output response on the node STBO01l (or STTO0l) by Atl.

Fig. 8 shows a sense amplifier accomplished by a
semiconductor integrated circuit based on the third embodiment
of this invention. This sense amplifier, which is derived from
the second embodiment of Fig. 6, has the NMOS transistors MN106
and MN107 connected to receive another signal SACMBO1 on their

gates.
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The sense amplifier of this embodiment consists of a-latch

circuit formed of the PMOS transistors MP104 and MP105 and NMOS
transistors MN103 and MN104 connected as shown in Fig. 1, the
NMOS transistor MN101 connected in parallel to the MN103 of the
latch circuit, the NMOS transistor MN106 connected in parallel
to the MN103 and in series to the MN101l (and supplied on its gate
with the signal SACMB01}, the NMOS transistor MN102 connected
in parallel to the MN104, the NMOS transistor MN107 connected
in parallel to the MN104 and in series to the MN102 (and supplied
on its gate with the signal SACMBO1l), and the NMOS transistor
MN105 as a current source connected in series to the MN106, MN107,
MN103 and MN104.

This sense amplifier reduces the output delay time in the
same fashion as the second embodiment. In addition, by bringing
the signal SACMBO1 to "low" during the period after output signals
have been led out to the nodes STB01 and STT01, e.g., "high" output
to STB01 and “low" output to STTO01, when the signal SAEQBO1 is
“low" anduntil the signal SACM01 goes "low", the NMOS transistors
MN106 and MN107 having their gates supplied with the signal
SACMBO1 are turned off, whereby the increase of power consumption
can be prevented similarly to the second embodiment as compared
with the first embodiment of Fig. 1.

Fig. 9 shows a sense anmplifier accomplished by a
semiconductor integrated circuit based on the fourth embodiment
of this invention. This sense amplifier, which is derived from
the third embodiment of Fig. 8, includes an NMOS transistor MN108
in place of the PMOS transistor MP106, with its gate being
supplied with the signal SACMB01l. Namely, the sense amplifigl:_____

T e
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of this embodiment is similar in arrangement to the <hird

embodiment of Fig. 8.

This sense amplifier reduces the output delay time in the
same fashion as the second embodiment. In addition, by bringing
the signal SACMBO1 to "low" during the period after output signals
have been led out to the nodes STB01 and STT01, e.g., "high" output
to STBO1 and "low" output to STT01, when the signal SAEQBO1 is
"low" and until the signal SACMO01 goes "low", the NMOS transistors
MN106, MN107 and MN108 having their gates supplied with the signal
SACMBO1 are turned off, whereby the increase of power consumption
can be prevented similarly to the second embodiment as compared
with the first embodiment of Fig. 1.

Fig. 10 shows the signal waveforms of the sense amplifiers
shown in Fig. 8 and Fig. 9. During the period after the outputs
on the nodes STB0l and STTO01 have varied, e.g., "high" output
to STBO1l and “low" output to STTO01l, until the signals SAEQBO1
and SACMO1 go "low", the NMOS transistor MN103 and PMOS transistor
MP105 having their gates connected to the nodes STT01 and STBO1
re;pectively, turn off, and the NMOS transistors MN106, MN107
and MN108 having their gates supplied with the signal SACMBO1
are turned off by bringing the signal SACMBC1l to "low" in this
period, causing the current ISA flowing through the current
source MN105 to the GND to zero.

The current ISA flowing through the MN105 based on this
embodiment is compared in Fig. 10 with that of the first
embodiment of Fig.l and the current flowing through the MN205
of the conventional sense amplifier shown in Fig. 3. Namely,

the sense amplifiers of the third and fourth embodiments shown
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in Fig. 8 and Fig. 9 respectively have their currents ISA reduced

—_——

relative to the first embodiment and comparable to the
conventional sense amplifier.

It was confirmed that the sense amplifier of this
embodiment made from CMOS of 0.4pm process attains a delay time
reduction At of 0.6 ns as compared with the conventional sense
amplifier and, at the same time, a load current of 200 pA (at
200 MHz) which is comparable to the conventional sense amplifier.
Namely, it operates faster than the conventional sense amplifier
at a comparable power consumption.

The sense amplifier of this embodiment also operates in
response to the rises of the SACMOl signal to "high" and next
éhe SAEQBC1 signal to "high" (reversed order of rising of the
signals against the case of Fig.10) and the SACMBO1 signal to
"low" (as same as one of Fig.10) similarly to the first
embodiment shown in Fig.5, and it can reduce the delay time of
output response on the node STB0O1l (or STT01l) by Atl.

Fig. 11 shows a sense amplifier accomplished by a
semiconductor integrated circuit based on the fifth embodiment
of this invention. This sense amplifier, which is derived from
the third embodiment of Fig. 8, includes source-grounded NMOS
transistors MN109 and MN110 inplace of the NMOS transistors MN106
and MN107, with their drains being connected to the sources of
the NMOS transistors MN101 and MN102, respectively.
Accordingly, the NMOS transistors MN103 and MN104 have their
joint sources connected to the drain of the source-grounded NMOS
transistor MN105. The NMOS transistors MN10l and MN102 have

theirsourcesconnectedtothedrainsofthesource—groundedNMOS
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transistors MN109 and MN110, respectively. The MN109 and-MN110

have their gates supplied with another signal SACCL.

The sense amplifier of this embodiment is made up of a
latch circuit formed of the PMOS transistors MP104 and MP105 and
NMOS transistors MN103 and MN104 connected as shown in Fig.1,
the NMOS transistor MN101 connected in parallel to the MN103 of
the latch c¢ircuit, the NMOS transistor MN102 connected in
parallel to the MN104, the current source NMOS transisto;'MNlog
connected in series to the MN101l (and supplied on its gate with
the signal SAC01l}, and the current source NMOS transistor MN110Q
connected in series to the MN102 (and supplied on its gate with
the signal SACC1).

..This sense amplifier operates similarly to the first
embodiment as follows. The NMOS transistors MN101 and MN102
amplify a small voltage difference between the input signals
CDTO01 and CDBQ1, causing the voltage on the nodes STBC1 and STTO1
to vary. The NMOS transistors MN103 and MN104 amplify the varied
voltages on the nodes STB01 and STT01. This circuit arrangement,
in.which a small voltage difference between the input signals
CDTO01 and CDBO1l is amplified in two stages and the amplifying
circuit is of 2-stage serial connection of the current source
transistor MN105 and transistor MN103 (or MN104) and also of
2-stage serial connection of the current source transistor MN109
and transistor MN10l {or MN110 and MN102), can reduce the delay
time of output response on the node STBOl1l {oxr STTO01).

The signal SACO1l is brought to "high" simultaneously to
the rise of the signal SACMO0l. By bringing the signal SACO01 to

"low" during the period after output signals have been led out
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to the nodes STBO1 and STTC01 until the signals SAEQBO1 and SACMO1

e
e

go "low", the NMOS transistors MN109 and MN110 having their gates
supplied with the signal SACO0l1 are turned off, whereby the
increase of power consumption can be prevented as compared with
the first embodiment of Fig.l.

Fig. 12 shows a sense amplifier accomplished by a
semiconductor integrated circuit based on the sixth embodiment
of this invention. This sense amplifier, which is derived from
the fourth embodiment of Fig. 9, includes source-grounded NMOS
transistors MN109 and MN110 inplace of the NMOS transistors MN106
and MN107, with their drains being connected to the sources of
the NMOS transistors MNIOl and MN102, respectively.
Accordingly, the NMOS transistors MN103 and MN104 have their
joint sources connected to the drain of the source-grounded NMOS
transistor MN105. The NMOS transistors MN101l and MN102 have
their sources connected to the drains of the source-grounded NMOS
transistors MN109 and MN110, respectively. The MN109 and MN110
have their gates supplied with another signal SACOl. Namely,
th_e sense amplifier of this embodiment is similar in arrangement
to the fifth embodiment of Fig. 11.

This sense amplifier operates similarly to the first
embodiment as follows. The NMOS transistors MN101 and MN102
amplify a small voltage difference between the input signals
CDTO01 and CDBO1, causing the voltage on the nodes STBQ1 and STTO1
to vary. The NMOS transistors MN103 and MN104 amplify the varied
voltages on the nodes STB01 and STT01. This circuit arrangement,

in which a small voltage difference between the input signals

CDTO01 and CDBOl is amplified in two stages and the amplifying ..
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circuit is of 2-stage serial connection of the current source

transistor MN105 and transistor MN103 (or MN104) and also of
2-stage serial connection of the current source transistor MN109
and transistor MN101l (or MN110 and MN102), can reduce the delay
time of output response on the node STB01l (or STTOLl).

The signal SACOl is brought to "high" simultaneously to
the rise of the signal SACM0l. By bringing the signal SACO0l to
"low"® during the period after output signals have been led ocut
to the nodes STB01 and STT01 until the signals SAEQB01 and SACMO1
go "low", the NMOS transistors MN109, MN110 and MN108 having their
gates supplied with the signal SACO01 are turned off, whereby the
increase of power consumption can be prevented as compared with
the first embodiment of Fig. 1.

Fig. 13 shows the éignal waveforms of the sense amplifiers
shown in Fig.1l1l and Fig.12. During the pericd after the outputs
on the nodes STB01l and STTO0l have varied, e.g., "high" output
to STBO1l and "low" output to STTO01l, until the signals SAEQBO1
and SACMO1 go "low", the NMOS transistor MN103 and PMOS transistor
M?lOS having their gates connected to the nodes STT01 and STBO1
respectively, turn off, and the NMOS transistors MN109, MN110
and MN108 having their gates supplied with the signal SACC1 are
turned off by bringing the signal SACO01l to "low" in this period,
causing the current ISA flowing through the current source MN105,
MN109 and MN110 to the GND to zero.

The current ISA flowing through the MN105 based on this
embodiment is compared in Fig.13 with that of the first embodiment

of Fig.1l and the current ISA flowing through the MN205 of the

conventional sense amplifier shown in Fig.3. Namely, thersense;
=
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amplifiers of the fifth and sixth embodiments shown in Figs 11

and Fig.12 have their currents ISA reduced relative to the first
embodiment, and operate faster than the conventional sense
amplifier at a éomparable power consumption.

It was confirmed that the sense amplifier of this
embodiment made from CMOS of 0.4um process attains a delay time
reduction At of 0.6 ns as compared with the conventional sense
amplifier. WNamely, it operates faster than the conventional
sense amplifier.

The sense amplifier of this embodiment operates similarly
to tﬁe first embodiment shown in Fig.5 also in response to the
rises of the SACM01 signal to "high" and next the SAEQBO1 signal
to "high" (reversed order of rising of the signals against the
case of Fig. 13) and to the rise and fall of the signal SACO]
simultanecusly to the rise of SACMO01l and fall of SAEQBOI,
respectively, and it can reduce the delay time of output response
on the node STBOl (or STTO01l) by At5, as shown in Fig.14.

As will be appreciated from the foregoing embodiments,
thg present invention reduces the response time of sense
amplifier after a voltage difference arises between the input
signals and the amplif_ier is rid of being reset and get activated
until it delivers an amplified voltage difference.

The inventive sense amplifier reduces the response time
without imposing the increase of power consumption relative to
the conventional sense amplifier.

The igventive sense amplifier has a reduced number of
transistors és compared with the conventional sense amplifier,

contributing to the reduction of chip area, and consequently to

THIS L
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the enhancement of yield and the reduction of manufacturing<cost.
While the present invention has been described for its
preferred embodiments, changes and modifications can be made

without departing from the spirit of the inventien.
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1. A semiconductor integrated circuit comprising:

a first and second input signal lines;

a differential amplifying circuit including a first and
second NMOS transistors, with the sources thereof being
connected together, for amplifying a voltage difference of a
first and second input signals on said first and second input
signal lines;

a current source connected to the sources of said first
and second NMOS transistors; and

a latch circuit made up of a first CMOS inverter which
is supplied Sn its input with the output of said differential
amplifier corresponding to said second input signal and is
connected to a first power line, and a second CMOS inverter which
is supplied on its input with the output of said differential
amplifier corresponding to said first input signal and is
connected to said first power line, said first and second CMOS
inverters having their ocutputs connected to the inputs of said
second and first CMOS inverters, respectively, and being

connected in series to said current source.

2. A semiconductor integrated circuit according to claim.l,
wherein said first CMOS inverter consists of a first PMOS
transistor having its source connected to said first power line
and a third NMOS transistor having its drain connected to the
drain of said first PMOS transistor, said second CMOS inverter

consists of a second PMOS transistor having its source connected
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to said first power line and a fourth NMOS transistor having-its

drain connected to the drain of said second PMOS transistor, and
said current source consists of a £ifth NMOS transistor having
its gate supplied with a third input signal and its drain
connected to the sources of said first and second NMOS

transistors.

3. A semiconductor integrated circuit according to claim 2
further including:

a third PMOS transistor having its drain connected to the
gates of said first PMOS transistor and said third NMOS transistor
and the drains of said second PMOS transistor and said second
and fourth NMOS transistors;

a fourth PMOS transistor having its drain connected to
the gates of said second PMOS transistor and said fourth NMOS
transistor and the drains of said first PMOS transistor and said
first and third NMOS transistors; and

a fifth PMOS transistor having its drain-source path
copnected between the gates of said first and second PMOCS
transistors,

said third, fourth and fifth PMOS transistors being

supplied on their gates with a fourth input signal.

4. A semiconductor integrated circuit according to claim 3
further including:

a sixth NMOS transistor connected in series between said

first NMOS transistor of said differential amplifying circuit

and said current source and supplied on its gate with the output
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signal of said second CMOS inverter of said latch circuit;-and

a seventh NMOS transistor connected in series between said
second NMOS transistor of said differential amplifying circuit
and said current source and supplied on its gate with the output

signal of said first CMOS inverter of said latch circuit.

5. A semiconductor integrated circuit according to claim 4
further including:
a sixth PMOS transistor having its drain-source path
connected between the drains of said sixth and seventh NMOS
transistors and being supplied on its gate with the fourth iﬁput

signal.

6. A semiconductor integrated circuit according to claim 3
further including:

a sixth NMOS transistor connected in series between said
first NMOS transistor of said differential amplifying circuit
and said current source;

a seventh NMOS transistor connected in series between said
second NMOS transistor of said differential amplifying circuit
and said current source; and

a sixth PMOS transistor having its drain-source path
connected between the drains of said sixth and seventh NMOS
transistors and being supplied on its gate with the fourth input
signal,

said sixth and seventh NMOS transistors being supplied

on their gates with a fifth input signal.
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7. A semiconductor integrated circuit according to claim 3

further including:

a sixth NMOS transistor connected in series between said
first NMOS transistor of said differential amplifying circuit
and said current source;

a seventh NMOS transistor connected in series between said
second NMOS transistor of said differential amplifying circuit
and said current source; and

an eighth NMOS transistor having its drain-source path
connected between the drains of said sixth and seventh NMOS
.transistors,
said sixth, seventh and eighth NMOS transistors being

supplied on their gates with a f£ifth input signal.

8. A semiconductor integrated circuit according to claim 3
further including:

a sixth NMOS transistor having its drain-source path
connected in series between said first NMOS transistor of said
differential amplifying circuit and said second power line;

a seventh NMOS transistor having its drain-source path
connected in series between said second NMOS transistor of said
differential amplifying circuit and said second power line; and

a sixth PMOS transistor having its drain-source path
connected between the drains of said sixth and seventh NMOS
transistors and being supplied on its gate with the fourth input
signal,

said sixth and seventh NMOS transistors being supplied

on their gates with a sixth input signal.
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9. A semiconductor integrated circuit according to claim 3
further including:

a sixth NMOS transistor having its drain-source path
connected in series between said first NMOS transistor of said
differential amplifying circuit and said second power line;

a seventh NMCS transistor having its drain-source path
connected in series between said second NMOS transistor of said
differential amplifying circuit and said second power line; and

an eighth NMOS transistor having its drain-source path
connected between the drains of said sixth and seventh NMOS
transistors,

said sixth, seventh and eighth NMOS transistors being

supplied on their gates with a sixth input signal.
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