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SEMICONDUCTOR DEVICE HAVING
SINGLE-ENDED SENSING AMPLIFIER

Matter enclosed in heavy brackets [ ] appears in the -
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding. 10

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority, makes reference to, incor- 15

porates the same herein, and claims all benefits accruing,
under 35 U.S.C. §119 from an application for SEMICON-

DUCTOR DEVICE HAVING SINGLE-ENDED SENSING
AMPLIFIER, earlier filed in the Japanese Patent Office on 17
Mar. 2008 and there duly assigned Japanese Patent Applica- 20
tion No. 2008-068161, the entire disclosure of which 1s
hereby mcorporated by reference 1n 1its entirety, and an appli-
cation for SEMICONDUCTOR DEVICE HAVING
SINGLE-ENDED SENSING AMPLIFIER, earlier filed 1n
the Japanese Patent Office on 16 Mar. 2009 and there duly 25
assigned Japanese Patent Application No. 2009-062363, the
disclosure of which 1s hereby incorporated by reference 1n 1ts
entirety.

This application cross references application for com-
monly-assigned U.S. patent application Ser. No. 12/382,495, 30
entitled Device having Single-Ended Sensing Amplifier filed
on Mar. 17, 2009, the entire contents of which 1s incorporated
herein 1n its entirety, and commonly assigned U.S. patent
application Ser. No. 12/382 494, now U.S. Pat. No. 7,869,294
(B2), entitled Device having Single-Ended Sensing Amplifier 35
filed on Mar. 17, 2009, the entire contents of which 1s incor-
porated herein 1n 1ts entirely.

BACKGROUND OF THE INVENTION

40

1. Field of the Disclosure

The present disclosure relates to a sense circuit used 1n a
semiconductor device, and particularly relates to a sense cir-
cuit for suitably compensating for temperature dependence of
the threshold voltage 1n a MOS (metal-oxide-semiconductor) 45
transistor that constitutes a sense circuit, to a temperature
compensation method for a sense circuit, and to a data pro-
cessing system.

2. Description of Related Art

It 1s known that the threshold voltage 1n a MOS transistor 50
used 1in a semiconductor device generally varies depending on
temperature, and that the temperature margin of the circuit 1s
thereby reduced. Numerous techniques have therefore been
proposed to compensate for this temperature dependence.

The technique disclosed in Japanese Patent Application 55
Laid-Open No. S58-168310, for example, relates to a sense
amplifier circuit in MOS static memory, and the on output
level of the output buffer of the sense amplifier circuit 1s
stabilized using a differential amplifier by varying the output
level of the differential amplifier according to temperature. 60

The technique disclosed in Japanese Patent Application
Laid-Open No. 2000-307391 relates to control of the mput
threshold value of a voltage comparator. The disclosed volt-
age comparator includes a PMOS (p-channel metal-oxide-
semiconductor) transistor 1n which a signal 1s inputted to the 65
gate, the drain 1s connected to a power supply, and the source
1s connected to an output line, and two NMOS (n-channel

2

metal-oxide-semiconductor) transistors connected 1n series
between the output line and the ground, wherein the NMOS

transistors are arranged in a column, a signal 1s inputted to the
gate ol one NMOS transistor connected 1n series, and a fixed
control voltage i1s mputted to the gate of the other NMOS
transistor. This technique emphasizes the fact that the con-
ductance of a MOS ftransistor 1s uniquely related to the gate
voltage, and supposing that the circuit described above 1s an
equivalent circuit configured from a resistor, attempts to con-
trol the input threshold of the voltage comparator by adjusting
the individual gate voltages fed to each MOS transistor and
varying the conductance.

FIG. 19 1s a diagram showing the threshold voltage distri-
bution, 1.e., the allowable range of manufacturing variation,
of a MOS transistor 1n a case in which temperature compen-
sation 1s not applied 1n a sense circuit used i DRAM (dy-
namic random access memory) having a hierarchical bit line
structure. The vertical axis indicates voltage, and the bar
graph on the left side indicates the memory cell node potential
when the power supply potential VDD 1s 1 V (volt). The bit
line pre-charge potential 1s set to 0V,

It1s usually the case in DRAM thathigh dataof1 V and low
data of OV are written 1n a memory cell node, but loss occurs
due to leakage, inadequate writing, or the like. In this
example, the high data 1s 0.7 V and the low data 1s 0.2 V due
to loss. When a word line 1s high, and a memory cell 1s
selected, a signal voltage 1s read to the bit line by the transfer
of charge between the bit line parasitic capacitor Cb and the
capacitor Cs of the memory cell. This read signal voltage
occurs 1n the bit line as the voltage of the memory cell node
minus the portion accounted for by the transter ratio Cs/(Cs+
Cb). The transter ratio 1s 0.7 1n this example.

The signal voltage read to the bit line undergoes further
loss due to noise during reading, and in this example, the high
read signal voltage 1s 0.45 V, and the low read signal voltage
1s about 0.18 V. This difference 1n voltage 1s amplified by a
MOS transistor and converted to a drain current difference,
and 1n order for a global bit line sense circuit to properly
determine high or low for the difference of the global bit line
discharge time, there must be a determination margin
between the lower limit of the high read voltage and the upper
limit of the MOS transistor threshold voltage distribution, and
between the upper limit of the low read voltage and the lower
limit of the MOS transistor threshold voltage distribution.

As previously mentioned, since the threshold voltage of a
MOS transistor generally varies depending on the tempera-
ture, the distribution of the threshold voltage due to manufac-
turing variation must be kept small so as to be able to accom-
modate variation due to temperature dependence 1n order to
ensure the abovementioned determination margin at the oper-

ating compensation temperature, which in this example 1s
between 0° C. and 100° C. (Cels1us).

SUMMARY

However, the technique disclosed 1n Japanese Patent
Application Laid-Open No. S58-168310 has drawbacks 1n
that the circuit scale 1s large, and the chip size increases due to
the fact that a differential amplifier 1s provided for each sense
amplifier. Furthermore, since the technique of Japanese
Patent Application Laid-Open. No. S38-168310 involves
adjusting the gain of the diflerential amplifiers, the technique
cannot be applied without modification to a so-called single-
ended sense amplifier or the like that 1s configured from a
single MOS transistor, for example.

Since a large number of MOS transistors are required 1n the
technique disclosed 1n Japanese Patent Application Laid-
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Open No. 2000-307391, the circuit scale 1s large, and the chip
s1ze increases. Furthermore, since temperature compensation
1s performed 1n a state 1n which a voltage 1s applied to the
gates of numerous MOS ftransistors, this technique suifers
from 1increased power consumption.

The disclosure was therefore developed i view of the
drawbacks described above, and an object of the disclosure 1s
to provide a sense circuit, a temperature compensation
method for a sense circuit, and a data processing system
whereby the chip size 1s prevented from increasing, and tem-
perature dependence of a MOS transistor 1s compensated for
while the power consumption 1s kept {from increasing.

The disclosure for overcoming the abovementioned draw-
backs includes the aspects described below.

(1) The disclosure provides a semiconductor device includ-
ing a sense amplifier including a sensing transistor for ampli-
tying data signal and a control transistor connected to a signal
line, the sensing transistor including a gate electrode con-
nected to the signal line for transmitting the data signal and a
drain connected to an output line, and the control transistor
controlling a potential of the signal line to a predetermined
potential before the data signal 1s transmitted to the signal
line; an internal power supply circuit connected to a source of
the control transistor or a source of the sensing transistor; and
a temperature compensation circuit for compensating for
temperature dependence of the sensing transistor by control-
ling an output voltage of the internal power supply circuit.

(2) The disclosure also provides a semiconductor device
including a memory cell including a storage element for
storing information and a selecting transistor for selecting the
storage element; a bit line connected to the memory cell; a
sense amplifier including a sensing transistor for reading data
on the bit line and a control transistor connected to the bit line,
the sensing transistor including a gate connected to the bit line
and a drain connected to an output line, and the control
transistor controlling a potential of the bit line to a predeter-
mined potential before the information 1s read out from the
memory cell to the bit line; an internal power supply circuit
connected to a source of the control transistor or a source of
the sensing transistor; and a temperature compensation Cir-
cuit configured from field-etiect transistors for compensating
for temperature dependence of the sensing transistor by con-
trolling an output voltage of the internal power supply circuait.

(3) The disclosure also provides a semiconductor device
including a memory cell including a capacitor for storing an
clectric charge, and a selecting transistor for selecting the
capacitor; a bit line connected to the memory cell; a sense
amplifier including a sensing transistor that works as a single-
ended sensing amplifier configured from a field-effect tran-
sistor for reading data on the bit line and a control transistor
connected to the bit line, the sensing transistor having a gate
connected to the bit line and a drain connected to an output
line, and the control transistor controlling a potential of the bit
line to a predetermined potential before the information 1s
read out from the memory cell to the bit line; an internal
power supply circuit connected to a power supply of the sense
amplifier; and a temperature compensation circuit configured
from field-effect transistors for compensating for temperature
dependence of the sensing transistor by controlling an output
voltage of the internal power supply circuit, wherein the
predetermined voltage of the bit line or the source voltage of
the sensing transistor 1s controlled by the output voltage.

A change that accompanies temperature dependence of the
threshold voltage of a field-effect transistor 1s cancelled out,
and the operating margin ol a sense circuit i1s therefore
enhanced, and the memory sense operation 1s also stabilized.
In other words, from an opposite perspective, since the allow-
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able range of variation 1n the manufacturing of field-effect
transistors can be enlarged, the manufacturing yield 1s

enhanced for memory that uses numerous sense circuits, such
as high-capacity DRAM to which the disclosure 1s applied,
and the cost of manufacturing can also be reduced.

Since the temperature dependence of the field-effect tran-
sistor 1s monitored, and the change due to the temperature
dependence 1s cancelled out, temperature can be compen-
sated for with a high degree of precision, and the effects
described above can be even further enhanced. Since the
allowable range of variation 1n the manufacturing of field-
elfect transistors can also be enlarged, memory can also be
provided that 1s adapted for minmiaturization and an increased
degree of integration.

Since a temperature compensation circuit 1s mounted for
cach semiconductor chip (each semiconductor substrate),
secondary effects are obtained whereby variations between
chips, waters, and lots with regard to the threshold voltages of
the field-efiect transistors that constitute sense circuits are
also cancelled out by having the same amount of level shift for
cach semiconductor chip. It 1s thereby possible to provide a
semiconductor system that includes a controller for control-
ling semiconductor devices so as to have uniform character-
istics for all the semiconductor device 1n a module (e.g., an
MCP (Multi-Chip Package), POP (Package-On-Package), or
other semiconductor device 1n which a plurality of semicon-
ductor chips 1s layered, or a semiconductor device 1n which a
plurality of semiconductor devices 1s integrated without
being layered (e.g., a planar package)) or the like 1n which a
plurality of semiconductor chips 1s mounted, even when each
of the semiconductor chips 1s manufactured under different
conditions, and the capability or characteristics of the sensing
transistors vary, or when the semiconductor chips are placed
in locations having different temperature conditions.

BRIEF DESCRIPTION OF THE DRAWINGS

The above features and advantages of the disclosure will be
more apparent from the following description of certain pre-
terred embodiments taken in conjunction with the accompa-
nying drawings, 1n which:

FIG. 1 1s a schematic diagram showing the temperature
compensation sense circuit according to an example Embodi-
ment 1;

FIG. 2 1s a diagram showing the operation when T=0° C. 1n
the temperature compensation sense circuit according to
Embodiment 1;

FIG. 3 1s a diagram showing the operation when T=50° C.
in the temperature compensation sense circuit according to
Embodiment 1;

FI1G. 4 1s a diagram showing the operation when T=100° C.
in the temperature compensation sense circuit according to
Embodiment 1;

FIG. § 1s a block diagram showing the VPC generation
circuit according to Embodiment 1;

FIG. 6 1s a schematic diagram showing the Vt monitor
circuit according to Embodiment 1;

FIG. 7A 1s a schematic diagram showing the VPC genera-
tion circuit without the Vt monitor circuit according to
Embodiment 1;

FIG. 7B 1s adiagram of the sense circuit processing accord-
ing to example Embodiment 1;

FIG. 8 1s a diagram showing the VPC generation process
according to Embodiment 1;

FIG. 9 1s an operational wavelorm diagram for the tem-
perature compensation sense circuit according to example
Embodiment 1;
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FIG. 10 1s a schematic diagram showing the temperature
compensation sense circuit according to example Embodi-
ment 2;

FIG. 11 1s a diagram showing the operation when T=0° C.
in the temperature compensation sense circuit according to
Embodiment 2;

FI1G. 12 1s a diagram showing the operation when T=50° C.
in the temperature compensation sense circuit according to
Embodiment 2;

FI1G. 13 1s a diagram showing the operation when T=100°
C. 1n the temperature compensation sense circuit according to
Embodiment 2;

FI1G. 14 15 a block diagram showing the VSSA generation
circuit according to Embodiment 2;

FIG. 15 1s a schematic diagram showing the Vt monitor
circuit according to Embodiment 2;

FIG. 16A 1s a schematic diagram showing the VSSA gen-
cration circuit without the Vt monitor circuit according to
Embodiment 2;

FIG. 16B 1s a diagram of the sense circuit processing
according to example Embodiment 2;

FI1G. 17 1s a diagram showing the VSSR generation process
according to Embodiment 2;

FIG. 18 1s an operational wavetform diagram for the tem-
perature compensation sense circuit according to Embodi-
ment 2: and

FIG. 19 1s a diagram showing the Vt allowance margin
when there 1s no temperature compensation.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

Example embodiments of the disclosure will be described
in detail hereinafter with reference to the accompanying
drawings.

The constituent elements 1n the embodiments described
herein can be substituted with existing constituent elements
and the like, and various variations including combinations
with other existing constituent elements are also possible.
The scope of the present disclosure as described 1n the claims
1s thus not limited by the embodiments described herein.

Embodiment 1

Example embodiment 1 of the disclosure will be described
using FIGS. 1 through 9. In the first embodiment, an example
will be described of DRAM (Dynamic Random Access
Memory) having a hierarchical bit line structure as a semi-
conductor device that uses an N-type channel field-effect
transistor (nMOS transistor) and a P-type channel field-effect
transistor (pMOS transistor). Since the length of the bit line
can be reduced in the case of a hierarchical bit line structure,
the amplitude of signals read from the memory cell can be
increased, and the overall chip size can be reduced. Although
this 1s a preferred example, the disclosure 1s not limited to this
example.

For example, the disclosure can be applied to not only a
DRAM but also to other kind of volatile memory device, a
non-volatile memory device and so on. It 1s suificient insofar
as the transistor 1s a field-effect transistor (FET), and besides
a MOS (Metal Oxide Semiconductor), the disclosure can also
be applied to a MIS (Metal-Insulator Semiconductor) transis-
tor and various other FETs. An NMOS transistor (N-type-
channel MOS ftransistor) 1s a typical example of a first-con-
ductivity-type transistor, and PMOS ftransistor (P-type-
channel MOS transistor) 1s a typical example of a second-
conductivity-type transistor.
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The configuration of the present embodiment 1s a tech-
nique relating to a single-ended sense amplifier 1n which a
single signal 1s mnputted, only one signal 1s amplified, and the
amplified signal 1s outputted. A common differential sense
amplifier has a higher gain than a single-ended sense ampli-
fier and 1s also more resistant to noise. The high gain of a
differential sense amplifier also reduces the time taken to vary
the amplified output signal. On the other hand, a single-ended
sense amplifier 1s extremely sensitive to noise, and requires a
higher input signal 1n order to generate an amplified output.
The aforementioned sense amplifier (temperature compensa-
tion sense circuit 2) connected to the bit line 1s a single-ended
sense amplifier.
<QOverall Circuit Structure>

FIG. 1 1s a diagram showing a portion of the circuits of a
DRAM memory cell array that includes the temperature com-
pensation sense circuit. As shown 1 FIG. 1, the circuit 1s
configured from a word line WL, a bit line BL (local bit line),
a memory cell 1 provided at the junction of the word line WL
and the bit line BL, a temperature compensation sense circuit
2, a global bit line GBL, and a global bit line sense circuit 3.

The temperature compensation sense circuit 2 1s a single-
ended sense amplifier. A gate electrode of the sense amplifier
transistor 1s connected to the bit line BL that 1s used to trans-
mit information stored in the memory cell 1; and a drain
clectrode of the sense amplifier transistor that functions as an
output node thereof 1s connected to the global bit line GBL.
That 1s, the temperature compensation sense circuit 2 uses a
direct sensing technique of a single-ended sense amplifier.

Furthermore, the voltage (pre-charge voltage) for control-
ling the bit line prior to accessing of the memory cell 1s
controlled by a common internal voltage (e.g., an internal
power supply voltage that 1s stepped down from an external
power supply) for driving the memory cell, a VSS (negative or
ground potential) power supply, or another voltage, rather
than through the use of the bit line V2 pre-charge scheme (in
which the bit line control voltage prior to accessing of the
memory cell 1s controlled to a Y2 voltage that 1s 1n between
relative voltages that correspond to information 1 and infor-
mation O) that has come to be used in DRAM and the like. For
example, a characteristic feature of the embodiments 1s that
the bit line voltage after the memory cell 1s accessed 1s tran-
sitioned 1n one direction (of the VSS or the internal power
supply voltage) from the internal power supply voltage or the
predetermined potential of the VSS, regardless of whether the
memory cell information 1s “1” or “0.” In a semiconductor
device 1n which the voltages of the external power supply and
internal power supply of the semiconductor device are low-
ered to near 1 V (a voltage that 1s near the limit of the oper-
ating point at which a CMOS-type sense amplifier operates),
the control voltage of the bit line combines with a sensing
scheme that utilizes the single-ended sense amplifier to pro-
duce enhanced synergistic effects of higher speed and stabil-
ity, and circuit stability due to variations in manufacturing
conditions.

A hierarchical bit line structure includes a single-ended
sense amplifier 2 for first amplifying the information of the
memory cell 1, which is the data signal, via alocal bit line, and
a selection transistor Q3 connected between the sense ampli-
fier 2 and the global bit line GBL.

The selection transistor Q3 for selecting a sense circuitis a
transistor for outputting an amplified signal amplified by the
single-ended sense amplifier 2 to the global bit line GBL. A
control signal supplied to the selection transistor Q3 1s a
control signal for outputting the amplified signal amplified by
the single-ended sense amplifier 2 to the global bit line GBL.
The control signal may include an address signal or other
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selection information for selecting a plurality of local bit lines
and a single global bit line. In general, since numerous
memory cells and sense amplifier 2 are connected to a local
bit line BL to form a memory array, the wiring pitch of the

local bit line BL 1s equal to or smaller than the wiring pitch of 5

the global bit line GBL.

An nMOS transistor Q1 constituting the temperature com-
pensation sense circuit 2 1s a sensing transistor, the bit line BL
1s connected to the gate thereof, and the nMOS (n-type-
channel metal oxide semiconductor) transistor Q1 senses/
amplifies a signal voltage read to the bit line BL and converts
the signal voltage to a drain current. In the present embodi-
ment, a pre-charge voltage as the output voltage of an internal
power supply circuit 1s controlled, the temperature depen-
dence of the nMOS transistor Q1 that constitutes the sense
circuit 1s compensated for, and the temperature of a MOS
transistor 1s compensated for accurately while the power con-
sumption 1s prevented from increasing. However, the details
of the temperature compensation will be described hereinat-
ter.

A bit line pre-charge nMOS transistor Q2 1s a control
transistor for controlling the signal line to a predetermined
potential before a data signal 1s transmitted by the signal line.
A pre-charge signal PC 1s inputted to the gate of the bit line
pre-charge nMOS ftransistor Q2, and when the pre-charge
signal PC 1s 1n a high state, the bit line BL 1s pre-charged to a
bit line pre-charge potential VPC.

An nMOS transistor Q3 for sense circuit selection recerves
a selection signal SE at the gate thereot, and selectively con-
nects the global bit line GBL to the drain of the nMOS
transistor Q1 that 1s the output node of the sense circuit. The
bit line BL and a plurality of memory cells are connected to
the global bit line GBL via a plurality of temperature com-
pensation sense circuits not shown 1n the diagram of FIG. 1,
and the nMOS transistor Q3 connects only the sense amplifier
to which the selected memory cell belongs to the global bit
line GBL. Re-writing 1s required, since data are destroyed
once read from a DRAM memory cell, but a re-writing circuit
1s not shown 1n FIG. 1 1n order to simplily the diagram.

A memory cell array 1s formed by a plurality of memory
cells and a plurality of sense amplifiers that correspond to the
memory cells, a hierarchical bit line 1s formed by the local bit
line and the global bit line, and the output of the internal
power supply circuit controlled by the temperature compen-
sation circuit 1s connected 1n common to the sense amplifiers
that are connected to the local bit lines.

It 1s suilicient msofar as the nMOS transistor Q3 and the
nMOS transistor Q1 are connected 1n series, and the sequen-
tial relation thereof 1s essentially unlimited. Ideally, since a
large number of nMOS transistors Q3 are connected to the
global bit line GBL, the nMOS transistor Q3 should be con-
nected on the side of the global bit line GBL as shown 1n FIG.
1 when the low noise etlects of the global bit line GBL are
emphasized.

The memory cell 1s a DRAM memory cell 1n which an
nMOS ftransistor Q4 for selection and a capacitor Cs for
information charge accumulation that 1s a storage element for
storing information 1s. connected 1n series. The nMOS tran-
s1stor Q4 for selection selects the capacitor Cs for information
charge accumulation by the voltage of the word line, and
connects the capacitor Cs to the bit line. A plurality of
memory cells not shown 1n the drawing 1s connected to the bit
line. The parasitic capacitance of the bit line 1s indicated by
Cb, and although not particularly prescribed, Cs in this
example 1s 10 1F, and Cb 15 30/7 (=4.3) {F (femto Farad).

A global bit line pre-charge MOS transistor Q5 1s a pMOS

transistor for receiving the inverse signal/PC of the pre-
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charge signal PC at the gate thereot, and /PC pre-charges the
global bit line GBL to the power supply potential VDD when
/PC 1s 1n a low state. The parasitic capacitance of the global bit
line 1s 1indicated as Cgb.

In the present embodiment, the polarities of the MOS tran-
sistors are as described above, but 1t 1s also possible to form a
circuit in which the polarities of the MOS transistors are all
reversed. In this case, the relationship of the power supply
potential and the ground i1s reversed, and the polarity of the
control signal 1s also reversed.
<Operation of the Temperature Compensation Circuit>

The operation of the temperature compensation circuit
according to a temperature change will next be described
using FIGS. 2 through 4.

In order to make the description more specific in the
present embodiment, the threshold value Vt of the nMOS
transistor Q1 1s assumed to be 90 mV£30 mV (millivolts), but
this value 1s given only as an example, and the present dis-
closure 1s not limited by this value.

FIG. 2 shows a case 1n which the temperature T 15 0° C.
When the temperature T=50° C. 1s the reference temperature,
the threshold voltage Vt of the nMOS transistor (Q1 increases
30 mV 1n this example. At this time, the bit line pre-charge
potential VPC 1s set to 0.1 V by the VPC generation circuit
described heremafter. Since the signal voltage read to the bat
line 1s 1increased by (1-Transfer Rati0)*VPC=(1-0.7)x
0.1=0.03 V, 1.e., 30 mV, by the bit line pre-charge potential
VPC shifting 0.1V, the increase of 30 mV due to temperature
dependence of the threshold voltage Vt of the nMOS transis-
tor Q1 can be cancelled out. Consequently, the allowable
range of the distribution due to manufacturing variation of the
threshold voltage Vt of the nMOS ftransistor Q1 can be
increased 1n comparison to the case of FIG. 19 1n which there
1s no temperature compensation.

FIG. 3 shows a case 1n which the temperature T 1s 50° C. In
this instance, since temperature T=50° C. 1s the reference
temperature, the threshold voltage Vt of the nMOS transistor
Q1 1s also the reference value 1n this example. The bit line
pre-charge potential VPC at this time 1s set to 0V by the VPC
generation circuit described hereinafter. Since the bit line
pre-charge potential VPC 1s 0V, the signal voltage read to the
bit line 1s the same as 1n FIG. 19, but because the temperature
dependence of the threshold voltage Vt of the nMOS transis-
tor Q1 at another temperature 1s cancelled out, the allowable
range of the distribution due to manufacturing variation of the
threshold voltage Vt of the nMOS ftransistor Q1 can be
increased 1n comparison to the case of FIG. 19.

FIG. 4 shows a case 1n which the temperature T 1s 100° C.
When the temperature T=50° C. 1s the reference temperature,
the threshold voltage Vt of the nMOS transistor Q1 decreases
30 mV 1n this example. At this time, the bit line pre-charge
potential VPC 1s set to —0.1 V by the VPC generation circuit
described heremafter. Since the signal voltage read to the bat
line 1s decreased by (1-Transfer Ratio)*VPC-(1-0.7)x(-
0.1)=-0.03V, 1.e.,30mV, by the bit line pre-charge potential
VPC shifting —-0.1 V, the decrease of 30 mV due to tempera-
ture dependence of the threshold voltage Vt of the nMOS
transistor (Q1 can be cancelled out. Consequently, the allow-
able range of the distribution due to manufacturing variation
of the threshold voltage Vt of the nMOS transistor Q1 can be
increased 1n comparison to the case of FIG. 19.
<Structure of the Temperature Compensation Circuit (VPC
Generation Circuit)>

The structure of the temperature compensation circuit
(VPC generation circuit) will be described using FIG. 5.

As shown 1n FIG. 5, the temperature compensation circuit
(VPC generation circuit) 1s configured from a Vt monitor
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circuit 41, a transfer ratio conversion circuit 42, a level shift
circuit 43, a VPC driver circuit 44, and a shift amount setting
circuit 45.

First, the output voltage of the Vt monitor circuit 41 for
monitoring the temperature dependence of the threshold volt-
age Vt of the nMOS transistor (Q1 is converted by the transfer
ratio conversion circuit 42 and nputted to the level shiit
circuit 43. Information for determining the shift amount 1s
transmitted from the shift amount setting circuit 45 to the
level shift circuit 43, and the shift amount i1s determined based
on this information.

The shift amount setting circuit 43 1s set so that the bit line
pre-charge potential VPC 1s 0V at the reference temperature
described above, which 1s 50° C. 1n this example. This opera-
tion 1s performed by setting the water temperature to 50° C.
and programming the setting value of the shift amount setting
circuit 45 for each chip while monitoring the value of the bit
line pre-charge potential VPC at the time of a DRAM probe
inspection, for example. Alternatively, a shift amount as a
reference may be determined, and the same value may be
programmed for each chip. In this case, secondary effects are
obtained whereby 1t1s also possible to cancel out Vt variations
between chips, waters, and lots.

Laser fusing, electric fusing, a non-volatile memory ele-
ment, a one-time programmable element, or the like can be

used as the programming means. The output of the level shift
circuit 43 1s fed to the source potential of the bit line pre-
charge nMOS transistor Q2 through the VPC driver circuit 44
for increasing the current drive capability.

<Structure of the Vt Monitor Circuit>

FIG. 6 shows an example of the Vt monitor circuit for
monitoring the threshold voltage Vt of the nMOS transistor
Q1.

In this arrangement, VKK 1s a negative power supply
potential. The nMOS transistor Q6 1s a monitor transistor that
monitors the threshold voltage of the nMOS transistor (1,
and 1s therefore formed having substantially the same size as
the nMOS transistor Q1. A current source for supplying a
constant current Ibias for defining the threshold voltage 1s
connected between the VKK and the source of the nMOS
transistor (Q6. Since an operational amplifier OP1 controls the
gate potential of the nMOS transistor (Q6 so that the source
potential of the nMOS transistor Q6 1s the ground potential O
V 1n the state 1n which the constant current i1s flowing, the
threshold voltage Vt of the nMOS transistor Q6 based on the
ground voltage 1s outputted to the output node N1. Conse-
quently, the threshold voltage Vt of the nMOS transistor Q1
can be accurately monitored by a simple circuit structure.
<Structure of the Transfer Ratio Conversion Circuit, the
Level Shift Circuit, And the VPC Driver Circuit>

FI1G. 7 A shows the structure of the transier ratio conversion
circuit, the level shift circuit, and the VPC driver circuit. The
transier ratio conversion circuit 42 1s an mverting amplifier
circuit that uses an operational amplifier OP2, and N1, 1.e., the
threshold voltage Vt of Q6 1n FIG. 6, 1s applied to the input
thereot. The ratio of the resistors R1 and R2 1s set equal to the
ratio of Cb and Cs+Cb, and the output voltage V2 of OP2 1s
—(Cs+Cb)V1t/Cb. Consequently, the optimum compensation
value can be set after taking into account the effect of the
parasitic capacitance Cb and the capacitance of the informa-
tion charge accumulating capacitor Cs.

The level shift circuit 43 1s an iverting amplifier circuit
that uses an operational amplifier OP3, wherein the output
voltage —(Cs+Cb)Vt/Cb of OP2 1s applied to the mput, and
the output potential Vs of the shift amount setting circuit 45 as
a shift voltage 1s applied to a terminal that i1s usually the
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ground. Since the resistance of the level shift circuit 43 1s
R3=R4, and the gain 1s set to —1, the output voltage V3 of OP3

is ((C24Cb)*Vt)/Cb+2Vs.

The shift amount setting circuit 435 divides the resistance of
the power supply potential VDD and the negative power
supply potential VKK, selects the desired potential by a selec-
tor from among the numerous intermediate potentials thus
extracted, and outputs the potential as Vs. The intermediate
potential to be selected by the selector 70 1s programmed 1n a
tap selection circuit 72, and the selector 70 selects the desired
potential 1n accordance with the output signal of the tap
selection circuit 72. The output potential Vs of the shift
amount setting circuit 45 1s fed through a low-pass filter 74 to
the level shift circuit 43.

The VPC dniver circuit 1s a voltage follower circuit that
uses an operational amplifier OP4, and the output voltage of
the OP3 1s outputted as bit line pre-charge potential VPC=

((Cs+Cb)*Vt)/Ch+2Vs.

<Sense Circuit Processing™>

The sense circuit of the present embodiment performs pro-
cessing such as described heremafter and compensates for the
temperature of the MOS transistor that constitutes the sense
circuit.

Referring to FIG. 7B, first, the threshold voltage value of
the MOS transistor constituting the sense circuit 1s monitored
(step S101), and the monitored threshold voltage value of the
MOS transistor 1s converted through the use of a transfer ratio
that 1s determined from the capacitance of the information
charge accumulating capacitor and the parasitic capacitance
of the bit line (step S102).

The converted voltage value 1s then level-shifted so as to be
a voltage set in advance as the pre-charge voltage at the
reference temperature (step S103), current feeding capability
1s added to the level-shifted voltage value, and the voltage
value 1s fed as the pre-charge voltage (step S104).

Consequently, through the use of a simple structure, the
temperature of a MOS transistor constituting the sense circuit
can be accurately compensated for, and the operating margin
of the sense circuit can be adequately maintained.
<VPC Generation Process>

The VPC generation process will next be specifically
described using FIG. 8.

FIG. 8 1s a schematic diagram showing the output voltage
transitions ol each circuit in the VPC generation circuit
described above. In the present embodiment, Cs=10 1F, and
Cbh=30/7 (=4.3) 1F, as previously described. In the Vt monitor
circuit 41, the threshold voltage Vt of Q6 (which 1s the moni-
tor transistor of Q1) at the reference temperature 50° C. 1s
0.09 V, and the temperature dependence of the threshold
voltage Vt of Q6, for which the change due to temperature
dependence between 0° C. and 100° C. 1s £0.03 V, 1s moni-
tored and outputted. This voltage 1s inverted by the transter
ratio conversion circuit 42 and multiplied by 10/3 to give
-0.3+£0.1V.

The voltage 1s then mverted again by the level shift circuit
43 and shifted by 2Vs. In the present embodiment, since the
output voltage of the level shift circuit 43 1s set to OV at the
reference temperature 50° C., the tap selection circuit of the
shift amount setting circuit 45 1s programmed so that the
value of Vs 1s -0.15 V, and the output potential of the level
shift circuit 43 becomes 0+0.1 V. This voltage 1s outputted
from the VPC drniver circuit 44 as the bit line pre-charge
potential VPC. In this arrangement, when the shift amount Vs
1s programmed to be the same value for each chip, the Vit
variation of each chip or the variation between waters and lots

1s reflected 1n the VPC.
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<Operational Wavetorm of the Sense Circuit>

The operational wavetorm of the sense circuit when tem-
perature compensation 1s performed will next be described
using F1G. 9. In FIG. 9, the vertical axis indicates voltage, and
the horizontal axis indicates time.

A case will be described in which high (*“H””) data are read
from the memory cell (FIG. 9(A)). Each bit line pre-charge
potential VPC 1s set to the ground potential OV,

In the case of high data reading, PC 1s low and /PC 1s high
in the pre-charge release period, the nMOS transistor Q2 and
the pMOS transistor Q5 each turn off, and the bit line BL. and
the global bit line GBL are floating in a state of being pre-
charged to OV and VDD, respectively.

Then, when the cell selection period occurs, a high signal
voltage 1s read to the bit line from the memory cell when SE
(sense amplifier selection signal) and WL (word line) have
changed to high (specifically, the memory cell 1s accessed,
whereby the charge of the memory cell data 1s transmitted to
the bit line BL (signal line) 1n accordance with the capaci-
tance ratio with the bit line (signal line)), and the sense period
begins. In the sense period, since the potential of the bit line
1s higher than the upper limait of the distribution of the thresh-
old voltage Vt of the nMOS transistor (Q1, the drain current of
the nMOS transistor Q1 1s large, and the charge charged by
the parasitic capacitance Cgb of the global bit line GBL
withdraws rapidly. The potential of the global bit line GBL
therefore rapidly discharges from VDD to 0 V.

The potential of the global bit line GBL at the end of the
sense period 1s 0V, and this potential 1s detected as low by the
global bit line sense circuit, and imverted by an inverter circuit
(not shown) and read as high data. The distribution of the
threshold voltage Vt of the nMOS transistor Q1, which 1s the
shaded portion of the diagram 1n FIGS. 9A and 9B, indicate
the range of dimensional variation at the time of manufactur-
ing, the variation of the gate insulation film thickness, or the
variation of the threshold voltage due to such factors as fluc-
tuation of the channel impurity distribution. When the restore
period occurs, SE changes to low, the bit line potential 1s
changed to the high level of VDD by a rewriting circuit (not
shown), and high data are written back to the memory cell.

In a case in which low (*L””) data are read from the memory
cell (FIG. 9(B)), PC 1s low and /PC 1s high 1n the pre-charge
release period, the nMOS transistor Q2 and the pMOS (p-type
metal oxide semiconductor) transistor Q3 each turn off, and
the bit line BL and the global bit line GBL are floating 1n a
state of being pre-charged to OV and VDD, respectively.

Then, when the cell selection period occurs, a low signal
voltage 1s read to the bit line from the memory cell when the
selection signal SE and word line WL have changed to high,
and the sense period begins. In the sense period, since the
potential of the bit line 1s slightly higher than the lower limit
of the distribution of the threshold voltage Vt of the nMOS
transistor Q1, the drain current of the nMOS transistor (Q1 1s
small, the charge charged by the parasitic capacitance Cgb of
the global bit line GBL withdraws slowly, and the potential of
the global bit line GBL slowly discharges from VDD.

Since the potential of the global bit line GBL at the end of
the sense period 1s slightly lower than VDD, the potential 1s
sense-amplified as high by the global bit line sense circuit,
and inverted by an inverter circuit (not shown) and read as low
data. When the restore period occurs, SE changes to low, the
bit line potential 1s changed to alow level 010V by a rewriting,
circuit (not shown), and low data are written back to the
memory cell.

Through the present embodiment as described above, the
pre-charge voltage 1s controlled, and the temperature depen-

dence of the MOS transistor constituting the sense circuit 1s
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compensated for, and temperature compensation can there-
fore be accurately performed by a simple structure. Since

variations that accompany temperature dependence of the
threshold voltage ol the MOS transistor constituting the sense
circuit are cancelled out, the operating margin of the sense
circuit 1s enhanced, and the sense operation of the memory 1s
stabilized. Furthermore, since the allowable range of varia-
tion 1n the manufacturing of MOS transistors can be enlarged,
memory can be provided that 1s adapted for miniaturization
and an mcreased degree of integration.

The operating margin of the sense circuit 1s enhanced, and
the sense operation of the memory 1s stabilized by tempera-
ture compensation as described above 1n the sense circuit
according to the present embodiment. The sense circuit can
therefore also be used i high-precision data processing sys-
tems and the like.

Embodiment 2

An example Embodiment 2 of the disclosure will be
described using FIGS. 10 through 18. In the present embodi-
ment, an example will be described of DRAM having a hier-
archical bit line structure as a semiconductor device.
<QOverall Circuit Structure>

FIG. 10 1s a diagram showing a portion of the circuits of a
DRAM memory cell array that includes the temperature com-
pensation sense circuit of the disclosure. As shown in FI1G. 10,
the circuit 1s configured from a word line WL, a bit line BL, a
memory cell 1 provided at the junction of the word line WL
and the bit line BL, a temperature compensation sense circuit
20, a global bit line GBL, and a global bit line sense circuit 3.
The same reference symbols are used to refer to constituent
elements that are the same as those of Embodiment 1, and
since the same elements have the same functions, no detailed
description thereof will be given.

In the nMOS transistor Q1 constituting the temperature
compensation sense circuit 20, the bit line BL 1s connected to
the gate of the transistor Q1, and the nMOS transistor Q1
senses/amplifies a signal voltage read to the bit line BL and
converts the signal voltage to a drain current. In the present
embodiment, the source potential of the nMOS transistor Q1
1s controlled to a potential set in advance, the temperature
dependence 1s compensated for, and the temperature of a
MOS transistor 1s compensated for accurately while the
power consumption 1s prevented from increasing. However,
the details of the temperature compensation will be described
hereinatter.
<Operation of the Temperature Compensation Circuit>

The operation of the temperature compensation circuit
according to a temperature change will next be described
using FIGS. 11 through 13.

FIG. 11 shows a case 1n which the temperature T 1s 0° C.
When the temperature T=50° C. 1s the reference temperature,
the threshold voltage Vt of the nMOS transistor Q1 increases
30 mV 1n this example. At this time, the voltage VSSA 1s set
to —0.03 V by a VSSA generation circuit described hereinai-
ter. Since the threshold voltage Vt of the nMOS transistor Q1
as viewed from the bit line 1s decreased by —-0.03 'V, 1.e., 30
mV, by the voltage VSSA shifting —0.03 V, the increase o1 30
mV due to temperature dependence of the threshold voltage
Vt of the nMOS transistor Q1 can be cancelled out. Conse-
quently, the allowable range of the distribution due to manu-
facturing variation of the threshold voltage Vt of the nMOS
transistor Q1 can be 1ncreased 1n comparison to the case of
FIG. 19 in which there 1s no temperature compensation.

FIG. 12 shows a case 1n which the temperature T 15 50° C.
In this 1nstance, since temperature T=>50° C. 1s the reference
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temperature, the threshold voltage Vt of the nMOS transistor
Q1 1s also the reference value 1n this example. The voltage
VSSA at this time 15 set to 0V by the VSS A generation circuit
described hereinafter. Since the voltage VSSA 1s 0 V, the
signal voltage read to the bit line 1s the same as 1n FIG. 19, but
because the temperature dependence of the threshold voltage
V1t of the nMOS transistor Q1 at another temperature 1s can-
celled out, the allowable range of the distribution due to
manufacturing variation of the threshold voltage Vt of the
nMOS ftransistor Q1 can be increased in comparison to the
case. of FIG. 19.

FI1G. 13 shows a case in which the temperature T 1s 100° C.
When the temperature T=50° C. 1s the reference temperature,
the threshold voltage Vt of the nMOS transistor Q1 decreases
30 mV 1n this example. At this time, the voltage VSSA 1s set
to 0.03 V by the VSSA generation circuit described herein-
alter. Since the threshold voltage Vt of the nMOS transistor
Q1 as viewed from the bit line 1s increased by 0.03 V, 1.e., 30
mV, by the voltage VSSA shifting 0.03 V, the decrease of 30
mYV due to temperature dependence of the threshold voltage
Vt of the nMOS transistor Q1 can be cancelled out. Conse-
quently, the allowable range of the distribution due to manu-
facturing variation of the threshold voltage Vt of the nMOS
transistor Q1 can be increased 1n comparison to the case of
FIG. 19 in which there 1s no temperature compensation.
<Structure of the Temperature Compensation Circuit (VSSA
Generation Circuit)>

The structure of the temperature compensation circuit
(VSSA generation circuit) will be described using FIG. 14.

As shown 1n FI1G. 14, the temperature compensation circuit
(VSSA generation circuit) 1s configured from a Vt monitor
circuit 51, an inversion & level shift circuit 52, a VSSR driver
circuit 53, an output switch circuit 54, and a shift amount
setting circuit 535.

First, the output voltage of the Vt monitor circuit 51 for
monitoring the temperature dependence of the threshold volt-
age Vt of the nMOS transistor Q1 1s inputted to the inversion
& level shift circuit 52. Information for determining the shaft
amount 1s transmitted from the shift amount setting circuit 535
to the 1nversion & level shift circuit 52, and the shift amount
1s determined based on this information.

The shift amount setting circuit 55 1s set so that the voltage
VSSA 1s 0V at the reference temperature described above,
which 1s 50° C. 1n this example. This operation 1s performed
by setting the wafer temperature to 50° C. and programming,
the setting value of the shiit amount setting circuit 55 for each
chip while monitoring the value of the voltage VSSA at the
time of a DRAM probe inspection, for example.

A shift amount as a reference may also be determined, and
the same shiit amount may be programmed for each chip.
Such a configuration 1s eflective because it 1s also possible to
cancel out variations even when the threshold voltage Vt of
the nMOS transistor Q1 varies for each chip or between
walers or lots.

Laser fusing, electric fusing, a non-volatile memory ele-
ment, a one-time programmable element, or the like can be
used as the programming means. The output of the level shift
circuit 52 1s fed to the bit line pre-charge nMOS transistor Q2
through the VSSR driver circuit 53 for increasing the current
drive capability.

The output switch circuit 54 switches the power supply of
the VSSA from the temperature-compensated VSSR to the
ground voltage (VSS) after a certain delay time after a read
signal has occurred 1n the bit line, and a sense amplification
operation has been imitiated by the nMOS transistor Q1. The
reason for this 1s that because the effects of variation of the
threshold voltage Vt of the nMOS transistor Q1 decrease
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when the sense operation has progressed to a certain degree,
the speed of the amplification operation can be increased by

switching the voltage VSSA from the VSSR driver 33 to the

ground potential (VSS), which has higher current driving
capability.
<Structure of the Vt Monitor Circuit>

FIG. 15 shows an example of the Vt monitor circuit 31 for
monitoring the threshold voltage Vt of the nMOS transistor
Q1.

In this arrangement, VDL indicates a positive internal con-
stant-voltage power supply potential, and VEL indicates a
negative internal constant-potential power supply potential.
The nMOS transistor Q6 monitors the threshold voltage of the
nMOS transistor Q1, and 1s therefore formed having substan-
tially the same size as the nMOS transistor Q1. A current
source for supplying a constant current Ibias for defining the
threshold voltage 1s connected between the VEL and the
source of the nMOS ftransistor (Q6. Since an operational
amplifier OP1 controls the gate potential of the nMOS tran-
s1stor QQ6, so that the source potential of the nMOS transistor
Q6 1s the ground potential O V 1n the state 1n which the
constant current 1s flowing, the threshold voltage Vt of the
nMOS transistor Q6 based on the ground voltage 1s outputted
to the output node N1. Consequently, the threshold voltage V't
of the nMOS transistor Q1 can be accurately monitored by a

simple circuit structure.

<Structure of the Inversion & Level Shift Circuit, the
VSSR Drnver Circuit, And the Output Switch Circuit>

FIG. 16 A shows the structure of the inversion & level shift
circuit, the VSSR driver circuit 53, and the output switch
circuit 54. The inversion & level shift circuit 52 1s an inverting
amplifier circuit that uses an operational amplifier OP2,
wherein N1, 1.e., the threshold voltage Vt of Q6 1n FI1G. 15, 15
applied to the mput, and the output potential Vs of the shait
amount setting circuit 55 as a shift voltage 1s applied to a
terminal that 1s usually the ground. Since the resistance of the
level shift circuit 1s R1=R2, and the gain 1s set to -1, the
output voltage V2 o1 OP2 1s -Vt+2Vs.

The shift amount setting circuit 33 divides the resistance of
the positive power supply potential VDL and the negative
power supply potential VEL, selects the desired potential by
a selector from among the numerous intermediate potentials
thus extracted, and outputs the potential as Vs. The interme-
diate potential to be selected by the selector 168 1s pro-
grammed 1n a tap selection circuit 166, and the selector 168
selects the desired potential in accordance with the output
signal of the tap selection circuit 166. The output potential Vs
ol the shiit amount setting circuit 35 1s fed through a low-pass
filter 170 to the inversion & level shiit circuit 52.

The VSSR driver circuit 33 is a voltage follower circuit that
uses an operational amplifier OP3, and outputs the same
voltage as the output voltage of OP2 as VSSR=-Vt+2Vs. The
output switch circuit 54 selectively outputs VSSR or the
ground potential VSS as the voltage potential VSSA. The
sense amplifier selection signal SE 1s mputted to a delay
circuit 160 and inverted (e.g., inverters or NOT gates 162 and
164), and mnputted to the gate of an nMOS transistor Q7.
Consequently, the period during which SE 1s low 1s controlled
so that VSSA=VSSR, and the period during which SE 1s high
1s controlled so that VSSA=VSS after a certain delay from the
time that SE changes to high. The power supply of the VSSA
1s thereby switched from the temperature-compensated
VSSR to the ground potential (VSS) after a certain delay time
alter a read signal voltage has occurred 1n the bit line, and a
sense amplification operation has been initiated by the nMOS
transistor QQ1, as described above.
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<Sense Circuit Processing>

The sense circuit of the present embodiment performs pro-
cessing such as described heremnaiter and compensates for the
temperature of the MOS transistor that constitutes the sense
circuit.

Referring to FI1G. 16B, first, the threshold voltage value of
the MOS transistor constituting the sense circuit 1s monitored
(step S201), and the monitored threshold voltage value 1s
level-shifted so that the converted voltage value 1s the source
potential of the nMOS transistor Q1 at the reference tempera-
ture (step S201).

Current feeding capability 1s added to the level-shifted
voltage value, the voltage value 1s outputted as the source
potential of the nMOS transistor Q1 (step s203), and the
source potential of the nMOS transistor Q1 1s switched to the
ground potential after a certain delay time has elapsed after a
read signal voltage has occurred 1n the bit line (step S204).

Consequently, through the use of a simple structure, the
temperature of a MOS transistor constituting the sense circuit
can be accurately compensated for, and the operating margin
of the sense circuit can be adequately maintained.
<VSSR Generation Process>

The VSSR generation process will next be specifically
described using FIG. 17.

FI1G. 17 1s a schematic diagram showing the output voltage
transitions of each circuit in the VSSA generation circuit
described above. In the Vt monitor circuit 51, the threshold
voltage Vt o1 Q6 at the reference temperature 50° C. 15 0.09 'V,
and the temperature dependence of the threshold voltage Vt of
6, for which the change due to temperature dependence
between 0° C. and 100° C. 1s £0.03 V, 1s monitored and
outputted.

This voltage 1s then inverted by the inversion & level shift
circuit 52 and shifted by 2Vs. In the present embodiment,
since the output voltage of the level shift circuit 1s setto OV
at the reference temperature 50° C., the tap selection circuit
166 of the shift amount setting circuit 53 i1s programmed so
that the value of Vs 1s 0.045 V, and as a result, the output
potential of the level shift circuit becomes 0+0.1 V, the tem-
perature dependence 1s inverted from the output of the Vit
monitor circuit 51, and this voltage 1s outputted from the
VSSR dniver circuit 53.
<Operational Wavetorm of the Sense Circuit>

The operational wavetorm of the sense circuit when tem-
perature compensation 1s performed will next be described
using FIG. 18. In FIG. 18, the vertical axis indicates voltage,
and the horizontal axis indicates time.

A case will be described 1n which high (*“H™”) data are read
from the memory cell (FI1G. 18(A)). Each voltage VSS A 1s set
to the ground potential 0 V.

In the case of high data reading, PC 1s first low and /PC 1s
high 1n the pre-charge release period, the nMOS transistor ()2
and the pMOS transistor Q5 each turn oiff, and the bit line BL.
and the global bit line GBL are floating 1n a state of being
pre-charged to OV and VDD, respectively.

Then, when the cell selection period occurs, a high signal
voltage 1s read to the bit line from the memory cell when WL
has changed to high; SE then Changes to high and the sense
period begins. In the sense period, since the potential of the bit
line 1s higher than the upper limit of the distribution of the
threshold voltage Vt of the nMOS transistor Q1, the drain
current of the nMOS transistor Q1 1s large, and the charge
charged by the parasitic capacitance Cgb of the global bit line
GBL withdraws rapidly. The potential of the global bit line
GBL theretfore rapidly discharges from VDD to 0V,

The potential of the global bit line GBL at the end of the
sense period 1s 0V, and this potential 1s detected as low by the
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global bit line sense circuit, and inverted by an inverter circuit
(not shown) and read as high data. The distribution of the
threshold voltage Vt of the nMOS transistor Q1, which 1s the
shaded portion of the diagram (Vt Distribution of (Q1), indi-
cates the range of dimensional variation at the time of manu-
facturing, the variation of the gate isulation film thickness,
or the vaniation of the threshold voltage due to such factors as
fluctuation of the channel impunty distribution. When the
restore period occurs, SE changes to low, the bit line potential
1s changed to the high level of VDD by a rewriting circuit (not
shown), and high data are written back to the memory cell.

In a case 1n which low (L") data are read from the memory
cell (FIG. 18(B)), PC 1s first low and /PC i1s high in the

pre-charge release period, the nMOS transistor Q2 and the
pMOS transistor Q5 each turn oif, and the bit line BL and the
global bit line GBL are tfloating 1n a state of being pre-charged
to OV and VDD, respectively.

Then, when the cell selection period occurs, a low signal
voltage 1s read to the bit line from the memory cell when WL
has changed to high; SE then changes to high and the sense
period begins. In the sense period, since the potential of the bit
line 1s slightly higher than the lower limit of the distribution of
the threshold voltage Vt of the nMOS transistor Q1, the drain
current of the nMOS transistor Q1 1s small, the charge
charged by the parasitic capacitance Cgb of the global bit line
GBL withdraws slowly, and the potential of the global bit line
GBL slowly discharges from VDD.

Since the potential of the global bit line GBL at the end of
the sense period 1s slightly lower than VDD, the potential 1s
sense-amplified as high by the global bit line sense circuit,
and mverted by an inverter circuit (not shown) and read as low
data. When the restore period occurs, SE changes to low, the
bit line potential 1s changed to a low level of 0V by a rewriting
circuit (not shown), and low data are written back to the
memory cell.

Through the present embodiment as described above, since
the source potential of the MOS transistor 1s controlled to a
potential set 1n advance, and temperature dependence 1s com-
pensated for, temperature compensation can be accurately
performed by a simple structure. Since variations that accom-
pany temperature dependence of the threshold voltage of the
MOS transistor constituting the sense circuit are cancelled
out, the operating margin of the sense circuit 1s enhanced, and
the sense operation of the memory 1s stabilized. Furthermore,
since the allowable range of variation 1n the manufacturing of
MOS ftransistors can be enlarged, memory can be provided
that 1s adapted for minmiaturization and an increased degree of
integration.

The operating margin of the sense circuit 1s enhanced, and
the sense operation of the memory 1s stabilized by tempera-
ture compensation as described above in the sense circuit
according to the present embodiment. The sense circuit can
therefore also be used 1n high-precision data processing sys-
tems and the like.

Embodiments of the present disclosure were described 1n
detail above with reference to the accompanying drawings,
but the specific configuration of the present invention 1s not
limited by the embodiments, and the present invention also
encompasses designs and the like 1n ranges that do not depart
from the mtended scope of the present invention.

For example, the polarities of the MOS transistors were
configured as described above in the present embodiment, but
1t 1s also possible to form a circuit in which the polarities of the
MOS transistors are all reversed. In this case, the relationship
of the power supply potential and the ground is reversed, and
the polarity of the control signal 1s also reversed.
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Furthermore, the present invention may also be used in
other memory that includes non-volatile memory other than
DRAM, and in a sensing circuit 1n a part that has a function
other than that of memory.

Moreover, 1t will thus be appreciated that the embodiments
described above are cited by way of example, and that the
present mnvention 1s not limited to what has been particularly
shown and described hereinabove. Rather, the scope of the
present disclosure includes both combinations and subcom-
binations of the various features described hereinabove, as
well as varniations and modifications thereof which would
occur to persons skilled in the art upon reading the foregoing
description. The language of “present invention™ or “inven-
tion” 1n this application and prosecution should not be
improperly interpreted as limiting the scope of the application
or claims.

What 1s claimed 1s:

1. A semiconductor device comprising:

a sense amplifier including a sensing transistor for ampli-
tying data signal and a control transistor connected to a
signal line, the sensing transistor having a gate electrode
connected to the signal line for transmitting the data
signal and a drain connected to an output line, and the

control transistor controlling a potential of the signal
line to a predetermined potential before the data signal 1s
transmitted to the signal line;

an mternal power supply circuit connected to a source of

the control transistor or a source of the sensing transis-
tor; and

a temperature compensation circuit for compensating for

temperature dependence of the sensing transistor by
controlling an output voltage of the internal power sup-
ply circuait.

2. The semiconductor device as claimed in claim 1,
wherein at least the sensing transistor and the temperature
compensation circuit comprise field-effect transistors.

3. The semiconductor device as claimed 1n claim 1,
wherein the output voltage of the internal power supply cir-
cuit 1s supplied to the source of the control transistor.

4. The semiconductor device as claimed 1n claim 1,
wherein the output voltage of the internal power supply cir-
cuit 1s supplied to the source of the sensing transistor.

5. The semiconductor device as claimed 1n claim 1, further
comprising a memory cell connected to the signal line;
wherein

a portion of a charge of the data signal 1s transmuitted by the

signal line by accessing the memory cell.

6. the semiconductor device as claimed 1n claim 5, wherein
the memory cell includes a capacitor for storing an electric
charge, and a selecting transistor for selecting the capacitor.

7. The semiconductor device as claimed i1n claim 6,
wherein the predetermined potential 1s set to a potential at
which the signal line transitions 1in one direction from the
predetermined potential by accessing the memory cell,

regardless of information of the memory cell.

8. The semiconductor device as claimed 1in claim 7,

wherein the temperature compensation circuit includes:

a monitor circuit for monitoring a threshold voltage value
of the sensing transistor;

a conversion circuit for converting the threshold voltage
value of the sensing transistor monitored by the monitor
circuit mnto a converted voltage value, according to a
transier ratio determined by a capacitance of the capaci-
tor and a parasitic capacitance of the signal line;
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a level shift circuit for level shifting the converted voltage
value to a voltage set 1n advance as the output voltage of
the internal power supply circuit at a predetermined
temperature; and

a driver circuit for supplying a level-shifted voltage value
outputted from the level shift circuit as the output volt-
age ol the internal power supply circuit by adding a
current supplying capability to the level-shifted voltage
value.

9. The semiconductor device as claimed in claim 8,
wherein the temperature compensation circuit further
includes an output switch circuit provided 1n a stage subse-
quent to the driver circuit for switching its output voltage
from the level-shifted voltage to a ground potential after a
read signal voltage of the signal line has been generated and
alter a certain delay time has elapsed.

10. The semiconductor device as claimed in claim 8,
wherein

the monitor circuit includes a monitor transistor that is
substantially the same size as the sensing transistor and
a differential amplifier; and

a drain of the momitor transistor 1s connected to a power
supply, a constant-current source 1s connected to the
source of the monitor transistor, a source potential of the
monitor transistor 1s supplied to the differential ampli-
fier, a gate of the monitor transistor 1s connected to an
output end of the differential amplifier, and a gate volt-
age of the monitor transistor 1s adjusted so that a source
potential of the monitor transistor 1s substantially zero
volts.

11. The semiconductor device as claimed in claim 5,

wherein

the data comprise imformation of the memory cell, the
signal line comprise a local bit line of the memory cell,
the sensing transistor comprise the sense amplifier for
first amplifying the information of the memory cell, and
the output line connected to the drain of the sensing
transistor comprise a global bit line; and

the semiconductor device has a hierarchical bit line struc-
ture formed by the local bit line and the global bit line.

12. The semiconductor device as claimed in claim 11,
wherein

a memory cell array 1s formed by a plurality of the memory
cells and a plurality of the sense amplifiers that corre-
sponds to the memory cells; and

the output of the internal power supply circuit controlled by
the temperature compensation circuit 1s connected in
common to the plurality of sense amplifiers that are
connected to the local bit lines.

13. The semiconductor device as claimed in claim 1,

wherein

the temperature compensation circuit 1s mounted for each
semiconductor chip; and

a plurality of the semiconductor chips 1s mounted 1n the
semiconductor device.

14. A semiconductor device comprising;:

a memory cell including a storage element for storing
information and a selecting transistor for selecting the
storage element;

a bit line connected to the memory cell;

a sense amplifier including a sensing transistor for reading
data on the bit line and a control transistor connected to
the bit line, the sensing transistor having a gate con-
nected to the bit line and a drain connected to an output
line, and the control transistor controlling a potential of
the bit line to a predetermined potential before the infor-
mation 1s read out from the memory cell to the bit line;
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an internal power supply circuit connected to a source of
the control transistor or a source of the sensing transis-
tor; and
a temperature compensation circuit configured from field-
cifect transistors for compensating for temperature
dependence of the sensing transistor by controlling an
output voltage of the internal power supply circuit.

15. The semiconductor device as claimed in claim 14,
wherein the output voltage of the mternal power supply cir-
cuit compensated by the temperature compensation circuit 1s
supplied to the source of the control transistor so as to control
the predetermined potential.

16. The semiconductor device as claimed in claim 14,
wherein the output voltage of the mternal power supply cir-
cuit compensated by the temperature compensation circuit 1s
supplied to the source of the sensing transistor so as to operate
the sensing transistor.

17. The semiconductor device as claimed 1n claim 14,
wherein

the storage element includes a capacitor for storing an

clectric charge; and

the temperature compensation circuit includes:

a monitor circuit for monitoring a threshold voltage
value of the sensing transistor;

a conversion circuit for converting the threshold voltage
value of the sensing transistor monitored by the moni-
tor circuit into a converted voltage value, according to
a transier ratio determined by a capacitance of the
capacitor and a parasitic capacitance of the bit line;

a level shift circuit for level shifting the converted volt-
age value to a voltage set 1n advance as the output
voltage of the iternal power supply circuit at a pre-
determined temperature; and

a driver circuit for supplying a level-shifted voltage
value outputted from the level shift circuit as the out-
put voltage of the mternal power supply circuit by
adding a current supplying capability to the level-
shifted voltage value.

18. The semiconductor device as claimed in claim 17,
wherein

the monitor circuit includes a monitor transistor that 1s

substantially the same size as the sensing transistor and

a differential amplifier; and

a drain of the monitor transistor 1s connected to a power

supply, a constant-current source i1s connected to the
source ol the monitor transistor, a source potential of the
monitor transistor 1s supplied to the differential ampli-
fier, a gate of the momitor transistor 1s connected to an
output end of the differential amplifier, and a gate volt-
age of the monitor transistor 1s adjusted so that a source
potential of the monitor transistor 1s substantially zero
volts.

19. The semiconductor device as claimed in claim 14,
wherein

a memory cell array 1s formed by a plurality of the memory

cells and a plurality of the sense amplifiers that corre-

sponds to the memory cells;

the data 1s information of the memory cell, the signal line 1s

a local bit line of the memory cell, the sensing transistor

1s the sense amplifier for first amplitying the information

of the memory cell, and the output line connected to the
drain of the sensing transistor 1s a global bit line;

a hierarchical bit line structure 1s formed by the local bit

line and the global bit line; and

the output of the internal power supply circuit controlled by

the temperature compensation circuit 1s connected in
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common to the plurality of sense amplifiers that are

connected to the local bit lines.

20. A semiconductor device comprising;:

a memory cell including a capacitor for storing an electric
charge, and a selecting transistor for selecting the
capacitor;

a bit line connected to the memory cell;

a sense amplifier including a sensing transistor that works
as a single-ended sensing amplifier configured from a
field-effect transistor for reading data on the bit line and
a control transistor connected to the bit line, the sensing
transistor having a gate connected to the bit line and a
drain connected to an output line, and the control tran-
sistor controlling a potential of the bit line to a predeter-
mined potential before the information 1s read out from
the memory cell to the bit line;

an internal power supply circuit connected to a power
supply of the sense amplifier; and

a temperature compensation circuit configured from field-
cifect transistors for compensating for temperature
dependence of the sensing transistor by controlling an
output voltage of the internal power supply circuit,
wherein

the predetermined voltage of the bit line or the source
voltage of the sensing transistor 1s controlled by the
output voltage.

21. A semiconductor apparatus comprising;:

an amplifier comprising:

a first transistor for sensing and amplifying a first signal,
the first transistor including a first electrode of a prin-
cipal electrically conducting channel, a second elec-
trode of the principal electrically conducting channel,
and a control electrode, the control electrode regulat-
ing a current flow between the first electrode and the
second electrode of the principal electrically conduct-
ing channel, the control electrode connected to a sig-
nal line for transmitting the first signal and the first
clectrode connected to an output line; and

a second transistor connected to the signal line, and the
second transistor controlling a potential of the signal
line to a predetermined potential before the first signal
1s transmitted to the signal line, the control transistor
including a first electrode of a principal electrically
conducting channel, a second electrode of the princi-
pal electrically conducting channel, and a control
clectrode, the control electrode regulating a current
flow between the first electrode and the second elec-
trode of the principal electrically conducting channel;

a power supply connected to and supplying power to one of
the first and second electrode of at least one of the first
transistor and the second transistor; and

a compensation unit for compensating temperature depen-
dence of at least the first transistor by controlling an
output voltage of the power supply.

22. The semiconductor device as claimed 1n claim 21,

further comprising a memory cell connected to the signal line,
wherein a portion of a charge of the first signal 1s transmiut-
ted by the signal line by accessing the memory cell, and
the memory cell includes a first part for storing an elec-
tric charge, and a third transistor for selecting the first

part of the memory cell.

23. The semiconductor device as claimed i1n claim 22,

wherein the compensation unit comprises:

a {irst module for monitoring a threshold voltage value of
the first transistor;

a second module for converting the threshold voltage value
of the first transistor of the amplifier monitored by the
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first module into a converted voltage value, according to
a transfer ratio determined by a capacitance of the first
part of the memory cell and a parasitic capacitance of the
signal line;

a third module for level shifting the converted voltage value
to a voltage set 1n advance as the output voltage of the
power supply at a predetermined temperature; and

a driver for supplying a level-shifted voltage value output-
ted from the third module as the output voltage of the
power supply by adding a current supplying capability
to the level-shifted voltage value.

24. The semiconductor device as claimed 1n claim 23,

wherein

the monitor circuit includes a fourth transistor that 1s sub-
stantially the same size as the first transistor of the ampli-
fier and a differential amplifier, the fourth transistor
includes a first electrode of a principal electrically con-
ducting channel, a second electrode of the principal elec-
trically conducting channel, and a control electrode, the
control electrode regulating a current flow between the
first electrode and the second electrode of the principal
clectrically conducting channel; and

one of a first and second electrode of the monitor transistor
1s connected to the power supply, a constant-current
source 1s connected to the other one of the first and
second electrode of the fourth transistor, a source poten-
tial of the fourth transistor 1s supplied to the differential
amplifier, the control electrode of the monitor transistor
1s connected to an output end of the differential ampli-
fier, and a control voltage of the fourth transistor is
adjusted so that a source potential of the fourth transistor
1s substantially zero volts.

25. A method of using a semiconductor, the method com-

prising:

sensing and amplifying an input signal by a first device
connected to a signal line;

controlling a potential of the signal line to a predetermined
potential before the signal 1s transmitted to the signal
line:

supplying power to one of the first and second devices; and

compensating temperature dependence of the first device
by controlling an output voltage of the supplied power.

26. The method as claimed in claim 25, further comprising;:

transmitting a portion of a charge of the first signal by the
signal line by accessing a memory unit.

storing an electric charge 1n a first part of the memory unit;
and

selecting the first part of the memory unait;

monitoring a threshold voltage value of the first device;

converting the threshold voltage value of the first device
into a converted voltage value, according to a transfer
ratio determined by a capacitance of the first part of the
memory unit and a parasitic capacitance of the signal
line:
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level shifting the converted voltage value to a voltage set in
advance as the output voltage of the supplied power at a
predetermined temperature; and

supplying a level-shifted voltage value outputted from the

level shifting as the output voltage of the supplied power
by adding a current supplying capability to the level-
shifted voltage value.

27. A semiconductor device comprising:

a sense amplifier including a sensing transistor for ampli-

Jving a data signal and a control transistor connected to

a signal line, the sensing transistor having a gate elec-
trode connected to the signal line for transmitting the
data signal and a drvain connected to an output line, and
the control transistor controlling a potential of the sig-
nal line to a predetermined potential before the data
signal is transmitted to the signal line;

an internal power supply circuit connected to a source of

the control transistor orv a source of the sensing transis-
tor; and

a compensation circuit for compensating for a character-

istic of the sensing transistor by controlling an output
voltage of the internal power supply circuit.

28. The semiconductor device as claimed in claim 27,
wherein the compensation circuit is a temperature compen-
sation clrcuit.

29. The semiconductor device as claimed in claim 27,
wherein the characteristic of the sensing transistor is a
threshold voltage.

30. The semiconductor device as claimed in claim 29,
wherein the compensation circuit is a temperatuve compen-
sation circuit for compensating temperaturve dependence of
the threshold voltage.

31. The semiconductor device as claimed in claim 27,
wherein at least the sensing transistor and the compensation
circuit comprise field-effect transistors.

32. The semiconductor device as claimed in claim 27,
wherein the output voltage of the internal power supply cir-
cuit is supplied to the source of the control transistor.

33. The semiconductor device as claimed in claim 27,
wherein the output voltage of the internal power supply cir-
cuit is supplied to the source of the sensing transistor.

34. The semiconductor device as claimed in claim 27,

further comprising a memory cell connected to the signal

line, wherein a portion of a charge of the data signal is
transmitted by the signal line by accessing the memory cell.
35. The semiconductor device as claimed in claim 34,
wherein the memory cell includes a capacitor for stoving an
electric charge, and a selecting transistor for selecting the
capacitor.
36. The semiconductor device as claimed in claim 27,

further comprising a selection transistor for selectively con-

necting the drain of the sensing transistor to the output line.
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