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1
SENSE AMPLIFIER CIRCUIT

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

BACKGROUND OF THE INVENTION

This invention relates to a sense amplifier circuit used in
dynamic RAM, static RAM, efc.

A conventional latch type sense amplifier circuit is
explained by referring to FIGS. 1 and 2. FIG. 1 1s an
equivalent circuit diagram of a conventional latch type sense
amplifier circuit, m which numerals 100 and 200 are respec-
tively first N-type transistor (hereinafter called T100) and
second N-type transistor (1200) Numerals 3 and 5 are bit
wire pair, and 4 1s an earth wire. In the equivalent circuit
shown 1n FIG. 1, the operation of amplifying the potential
difference V of the bit wire 3 and bit wire 5 by the sense
amplifier circuit 1s as follows. First, taking notice of T100
and T200, since the sources are commonly connected to the
carth wire, the difference between the gate-source voltage
applied to T100 (hereinafter called V ;) and the gate-source
voltage applied to T200 (V) is as expressed below:

AV=|V (1)

That 1s, the potential difference of bit wire pair 3, 5 1s the
difference of the gate-source voltage applied to T,,5, T5a0,
which 1s also the difference of currents 1,4, 1,50 HHOWing in
T,00, Tooo- As the currents 1,,,, 1,5 HlOW, since these are
discharge currents for discharging the electric charge of the
bit wires to the earth wire, the potential of bit wire 3 V.. and
the potential of bit wire 5 V. decrease by the portions
shown below.

gsl gszl "ot

1 -t 2
ﬁ\Vbit=11— ()

C3

15 -t 3
AV = - )

where t 1s the discharge time, and c,, ¢ are capacities of bit
wires. From the relationship of equations (1), (2), (3), and
the relation of AV, =AV __,, AV, =V_ ., evidently a positive
feedback 1s applied to the potential difference of the bit wire
pair 3, 5, and the potential difference 1s amplified.

One of the important factors to determine the performance
of the sense amplifier operating 1n such manner i1s the
sensifivity. This 1s to show the smallest limit of potential
difference that can be amplified correctly, and the minimum
potential difference 1s called the sensitivity. As stated above,
the potential difference of the bit wire pair 1s the gate-source
voltage of MOS transistors T, ,,, T-qq and also becomes the
potential difference flowing 1n the transistors, and this poten-
tial difference expands the potential difference of bit wire
pair, and hence the following point 1s important. The point
is whether the small gate-source voltage difference (the
difference of V., and V_ ) is correctly obtained as the
difference of currents (the difference of 1, and i,,,) or not.
That 1s, 1t V_ >V __,, however small the ditference may be,
the relation of 1,,,>1,,, must be satisfied. To realize this, 1t
1s necessary that the threshold voltage and drivabilities gm
of MOS transistors T,,,, 1,4, be exactly the same.

In order to realize such relations, conventionally, a sense
amplifier circuit was realized in the wiring and layout as
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shown 1n FIG. 2. This 1s a layout drawing of an actual sense
amplifier circuit. This layout 1s replaced by an equivalent
circuit diagram 1n FIG. 1. As evident from this drawing, the
currents 1,4, 1.9 oW 1n the reverse directions geometri-
cally on the wafer, that 1s, a semiconductor integrated circuit
board.

The sense amplifier circuit of N-type MOS transistors was
explained 1mn FIGS. 1 and 2, but the P-type configuration is
exactly the same except that the earth wire 4 1s Voc wire, that
the MOS transistors 100, 200 are P-type MOS transistors,
and that the current directions of both 1,5, and 1,,, are
reverse.

However, 1n the sense amplifier circuit as shown in FIGS.
1, 2, the following problems exist because the current 1,,,
flowing 1n the MOS transistor T,,, and the current 1,4,
flowing 1 the MOS transistor T,,, are opposite.

First of all, generally, when forming source and drain of
MOS transistor, the 1on beam 1s designed to reach the wafer
at a certain angle 1n order to prevent channeling of ions.
Therefore, the overlapping amount of the gate electrode and
source region or drain region 1s asymmetric 1n the source
region and drain region. This tendency becomes more obvi-
ous when the angle of the 1on beam is deviated more from
the angle perpendicular to the wafer surface, or the ratio of
thickness to width of gate electrode (aspect ratio=thickness/
width) becomes larger. This asymmetricity is considered to
be caused, aside from the formation of source and drain, by
injection of 1ons for channel stop of source and drain,
asymmetricity of shape of the gate electrode to become
injection mask, and asymmetricity of the shape of gate side
oxide spacer. This tendency 1s considered to be 1ntensified as
the gate length and gate width becomes smaller, and this
problem 1s a must to be solved 1n the fine MOS transistors
used 1n large-scale integrated circuit.

Incidentally, when asymmetricity occurs in the 10n injec-
tion quantity of source and drain, another asymmetricity will
naturally occur 1n the current-voltage characteristic. In other
words even 1n a same transistor, the threshold voltage and
drivability gm come to have different values depending on
the direction of the flowing current. Thus, as explained 1n the
prior art, 1n the sense amplifier circuit as shown in FIG. 1,
even 1f 1t 1s designed so that the T,,, and T,,, may have
identical threshold voltage and drivability gm, since the
directions of the tlowing currents are reverse, it 1s possible,
owing to the asymmetricity of the current-voltage
characteristic, that the discharge current may be possibly
greater 1n the current 1,,, flowing in T,,, than the current
1,00 Howing 1n T, 1f the drivability gm 1s greater in T,4,
than in T, although the gate voltage V., of T, 1s greater
than gate voltage V., of T,,. Theretore, the small potential
difference of the bit wire pair 3, § 1s not amplified correctly,
and the potential of the bit wire S giving V_, 1s smaller than
the potential of the bit wire 3 giving V__,, and the sense
amplifier circuit may malfunction.

By the sensitivity S of the sense amplifier and reading
from the memory cell, the difference from the potential
difference AV occurring 1n the bit wire pair 3, §, that 1s, M
in M=AAV-S, 1s called a margin. The value of M seems to
be much smaller because the reading voltage AV tends to be
smaller along with the increase of bit wire capacity and
decrease of cell capacity by high integration of memory cell.
Hence, higher sensitivity of the sense amplifier circuit is
more and more needed. It 1s therefore important to equalize
the threshold voltage and drivability gm of the transistor or
pair T, 4., 1o Of the sense amplifier circuit, 1n consideration
of the current direction. In the conventional sense amplifier
circuit and layout, however, since the current directions of
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T,00, Tooq are opposite, the asymmetricity of the current-
voltage characteristic due to asymmetricity of feeding
amounts of source and drain has a considerable effect, and
the sensitivity of the sense amplifier tends to worsen.

SUMMARY OF THE INVENTION

It 1s hence a primary object of this invention to present a
high sensitivity sense amplifier circuit capable of suppress-
ing the asymmetricity of the current-voltage characteristic of
fransistor pair composing the sense amplifier.

To achieve the above object, the sense amplifier circuit of
this mvention 1s composed by coupling the first bit wire
coupled to the memory cell and the drain part of first MOS
transistor, coupling the second bit wire making a pair with
the first bit wire and the gate part of the first MOS transistor,
coupling the drain part of second MOS transistor and the
second bit wire, coupling the gate part of the second MOS
transistor and the first bit wire, coupling the source parts of
the first and second MOS transistors commonly to a power
source wire, and forming both first MOS transistor and
second MOS transistor, out of the N-type of P-type MOS
transistors composing the latch type sense amplifier circuit,
by a plurality of N-type or P-type MOS ftransistors con-
nected 1n series.

While the novel features of the invention are set forth 1n
the appended claims, the invention both as to organization
and content, will be better understood and appreciated, along
with other objects and features thereof, from the following,
detailed description taken 1n conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an equivalent circuit diagram of a conventional
sense amplifier;

FIG. 2 1s a mask pattern showing the layout of the same
circuit;

FIG. 3 1s an equivalent circuit diagram of a sense ampli-
fier circuit 1n a first embodiment of this invention;

FIG. 4 1s a mask pattern diagram showing the layout of the
same CIrcuit.

FIG. 5(a—b) is a diagram comparing the imbalance of the
transistor pair i1n this mmvention with the imbalance of the
transistor pair in the prior art as indicated by measured
values; and

FIG. 6 1s a mask pattern diagram showing the layout of a
second embodiment of this invention.

DETAILED DESCRIPTION OF THE
INVENTION

Of the two N-type MOS transistor circuits making up a
pair to compose a sense amplifier circuit, both first MOS
transistor circuit and second MOS transistor circuit are
composed of N-type MOS transistors connected parallel 1n
an even number of stages, and the discharge current flowing
in the earth wire from the parallel connection circuit of an
even number of stages composing the first MOS transistor 1s
presented by the even number of stages. These currents are
supposed to be 1;;, 15, 1135 «....p 1;,. Similarly, the discharge
currents flowing 1n the earth wire from the parallel connec-
fion circuit of an even number of stages composing the
second MOS transistor circuit are i,,, 1o,y los, -...., 1, . Here
n 1s an even number.

Supposing, for example, n=2, 1,, and 1,, are the currents
flowing 1n the first MOS transistor circuit, and the sum of the
currents flowing from bit wires into the earth wire 1s 1, +1,-.
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Likewise, the currents flowing 1n the second MOS transistor
circuit 1S 1,, and 1,,, and the sum of the currents flowing
from the bit wires into the earth wire 1s 1,,+1,,. The
geometrical relation of current directions of 1l,, 1,5, 1,, 1,, ON
the wafer, that 1s, the semiconductor circuit board 1s as
follows.

(4)
(5)

1,, and 1,, are 1n same direction . . .

l,, and 15, arc 11 saic direction . . .
(111 and 112 (6)

_ . ] are 1n opposite directions
122 and 129

From the relation of (4), (5), (6), if the threshold voltage and

drivability gm become asymmetric due to the current direc-
tion because of the asymmetricity of source and drain, when
(1,,+1;,) and (,;+1,,) are compared, if asymmetricity of i,
and 1,,, and assymetricity of 1,, and 1,, should occur, they
are canceled to null on the whole.

Thus, 1f the first MOS transistor and second MOS tran-
sistor circuits are both composed 1n parallel connection of an
even number of stages, if there 1s asymmetricity in one pair
of transistors, the asymmetricity 1s canceled to null 1n the
even number pair of transistors.

FIG. 3 and FIG. 4 show an equivalent circuit and 1its
layout diagram of a sense amplifier circuit in one of the
embodiments of this invention.

First relating to the equivalent circuit diagram of the sense
amplifier circuit shown in FIG. 3, numerals 1, 2 are first
N-type MOS transistor circuits connected in parallel 6, 7 are
second N-type MOS transistor circuits connected in parallel,
and these first and second N-type MOS transistor circuits are
making up a transistor pair. Numerals 3, 5 are bit wire pair,
and 4 1s an earth wire. FIG. 4 shows a mask drawing of an
actual layout of the circuit diagram of sense amplifier shown
in FIG. 3, that 1s, a semiconductor integrated circuit pattern
formed on a semiconductor substrate. Numeral 10 1s an
aluminum used 1n wiring, and 11 1s a polysilicon used 1n gate
clectrode, 12 1s a contact region for connecting the drain
region of MOS transistors 1, 2 and bit wire 3, 13 1s an active
region of transistor in oxide definition (OD), that is, an
inseparate region, 30 1s a contact region of gate electrode of
MOS transistors 1, 2 and bit wire 5, 51 1s a contact region
for connecting the common source region of MOS transis-
tors 1, 2 and 3, 4, and earth wire 4, 53 1s a contact region for
connecting the drain region of MOS transistors 6, 7, and bt
wire 5, 60 1s a contact region for connecting gate electrode
of MOS ftransistors 6, 7 and bit wire 3, and 42 1s a memory
cell region disposed at both sides of the sense amplifier
circuit, 40 being word wire and 41 being memory cell.

In FIG. 3, the bit wires 70, 71 1n the left side memory cell
region are connected to bit wires 3, 5, respectively. But the
wires 72, 73 1n the right side memory cell are not connected
to 3, 5.

Regarding the currents 1n the sense amplifier circuit, as
shown 1 FIG. 3, currents flowing in transistors 1, 2, 6, 7
(hereinafter called T,, T,, Ty, T,) are considered. The
current 1, flowing 1n T, and the current 1, flowing 1in T; are
geometrically same 1n direction on the wafer, and the 1,
flowing 1n T, and the current 1, lowing m T, are same 1n
direction. The transistors 1, 2, 6, 7 are designed to have same
channel length and channel width, and the manufacturing
conditions are also same. Accordingly, the current-voltage
characteristics of transistors 1, 2, 6, 7 are considered to show
an asymmetricity, of source and drain, that 1s, same charac-
teristics except in the geometrical current direction of the
walfer.
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The effects of this embodiment are described below.

In the embodiment of this invention shown 1n FIGS. 3, 4,
taking note of the sum of currents (i,+1,) flowing 1n T,, T,
composing the first N-type MOS ftransistor circuit of the
transistor pair of the sense amplifier circuit, and the sum of
currents (i,+i,) flowing in T, T, composing the second
N-type MOS transistor circuit, 1, and 1, are currents in the
same direction, and same characteristics are shown. Besides,

since 1, and 1, are same 1n direction, it 1s considered that
same characteristics are shown, and the entire current-

voltage characteristics, that 1s, the current-voltage charac-
teristics of (1,+1,) and (1,+1,) are canceled in the asymmetric-
ity due to current direction and are considered to have same
characteristics, which makes 1t possible to enhance the
sensitivity of sense amplifier circuit.

According to this invention, since both the first and
seccond MOS transistors of the N-type or P-type MOS
transistor pair to compose a latch type sense amplifier circuit
arc made of N-type or P-type MOS transistors connected
parallel 1n an even number of stages, when even-number
currents flowing 1n the first MOS transistor circuit and the
even-number currents flowing in the second MOS transistor
circuit are compared, the current geometrically 1n the same
direction of the wafer as the current flowing 1n the first MOS
transistor circuit flows also 1n the second MOS transistor
circuit, and therefore, on the whole, the current-voltage
characteristics of the sum of currents flowing 1n the first
MOS transistor circuit and the sum of currents flowing in the
seccond MOS transistor circuit are canceled 1n the asym-
metricity due to the direction of individual currents to
become 1dentical 1n characteristics, so that the sensitivity of
the sense amplifier circuit may be increased.

FIG. 5 shows the asymmetricity of the current-voltage
characteristic of the transistor pair composing a sense ampli-
fier circuit experimentally fabrication 1in order to verity this
invention, in which (a) shows the asymmetricity of threshold
voltage, and (b) indicates the asymmetricity of drain current.
Here, the asymmetricity 1s defined as follows.

Vth; — Vthy

A tricity AVth = X 100%
SYIMUNCIricIty Vthl o
IdSl — IdSz
Alds = X 100%
IdSl

where AVth 1s the asymmetricity of threshold voltage, Alds
in the asymmetricity of drain current, Vth,, Vth, are thresh-
old voltage of pair transistors, and Ids,, Ids, are drain
currents of pair transistors.

In diagrams (a) and (b), S is a series connection which
corresponds to the prior art, and P 1s a parallel connection
which corresponds to the transistor pair characteristic of this
invention. Whether the transistor gate width W 1s 2u or 1 u,
and 1f the gate length 1s 1n a range of 0.5 to 1.0 um, it 1s
known that the asymmeftricity of transistor pair 1n this
invention 1s obviously small. This 1s because of the reason
stated above, and it proves the efficacy of this invention.

A second embodiment 1s shown 1 FIG. 6, 1n which 4 1s
an earth wire made of aluminum (AL), 20, 21, 30, 31 are bit
wires made of polycide (PB), 13 is OD (oxide definition
inseparable region), 12 is a contact between AL and OD, and
14 1s a contact between PB and OD.

The features of the sense amplifier circuit shown in this
drawing include, aside from the composition of transistor
pair for composing the sense amplifier circuit by transistors
connected parallel in an even number of stages (two stages)
same as 1n the first embodiment, the continuity of the
inseparable region OD to form transistors, without an inter-
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vening separate region, 1n the bit wire arranging direction,
that 1s, 1n the column direction. This 1s realized because the
common source region of the transistor pair adjacent in the
column direction, that 1s, the OD region having the earth
wire 4 connected by means of contact 12 i1s shared by the
transistor pair adjacent at both sides 1n the column direction.
By this configuration, the separate region between the tran-
sistor pair adjacent 1n the column direction which was
required conventionally 1s no longer necessary, and the
layout area of the sense amplifier can be reduced. A further
orcater advantage 1s that the drop of yield of the sense
amplifier circuit attributable to incompleteness (leak
current) of separation of the transistor pair adjacent in a
narrow limited space can be reduced.

While specific embodiments of the invention have been
llustrated and described herein, it 1s realized that other
modifications and changes will occur to those skilled 1n the
art. It 1s therefore to be understood that the appended claims
are 1ntended to cover all modifications and changes as fall
within the true spirit and scope of the invention.

We claim:

[1. A sense amplifier circuit comprising first and second
bit wires coupled to a memory cell, a first MOS transistor
having a drain connected to said first bit wire, said second
bit wire 1s coupled to the gate of the first MOS transistor, a
second MOS transistor having a drain connected to said
second bit wire, and either an N-type a P-type MOS tran-
sistor pair to compose a latch type sense amplifier circuit by
coupling the gate of the second MOS transistor and the first
bit wire, and coupling the sources of the first and second
MOS transistors commonly to a power source wire, wherein
both first and second MOS ftransistors are composed of a
plurality of either N-type or P-type MOS ftransistor con-
nected in parallel.]

[2. A sense amplifier circuit comprises forming first and
second MOS ftransistors of a transistor pair in the same
region as the first MOS transistor of the transistor pair at
both sides adjacent in the column direction, and also forming
the second MOS transistor 1n the same region as the second
MOS ftransistor of the pair of transistors at both sides
adjacent in the column direction.}

3. A plurality of sense amplifier circuits arranged along a
column direction, each of said sense amplifier circuits
COMPFISING.

at least one first MOS transistor and at least one second

MOS transistor coupled to one another;

wherein satd first MOS transistor is formed in the same
conitnuous region as other first MOS transistors of
adjacent sense amplifier circuits on both sides of said
first MOS transistor in the column direction; and

wherein said second MOS transistor is formed in the same
continmious region as other second MOS transistors of
said adjacent sense amplifier circuits on both sides of
said second MOS transistor in column direction.

4. The sense amplifier circuit of claim 3, wherein said first
MOS iransistor comprises a plurality of MOS transistors
connected in parallel

5. The sense amplifier circuit of claim 4, wherein said
second MOS transistor comprises a plurality of MOS tran-
sistors connected in parallel.

0. The sense amplifier circuit of claim 5, wherein each of
said first and second MOS transistors consists of an even
number of MOS transistors.

7. The sense amplifier circuit of claim 3, wherein said first
and second MOS transistors are each formed in respective
first and second common areas.

8. The sense amplifier circuit of claim 7, wherein said first
MOS transistors located adjacent one another in said col-
umn direction are not electrically isolated from one another.
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9. The sense amplifier circuit of claim 7, wherein said
second MOS transistors located adjacent one another in
said column direction are not electrically isolated from one
another.

10. The sense amplifier circuit of claim 7, wherein adja-
cent first MOS transistors have sources that are commonly
connected.

11. The sense amplifier circuit of claim 7, wherein adja-
cent second MOS transistors have sources that are com-
monly connected.

12. The sense amplifier circuit of claim 3, wherein each of
said sense amplifier circuils is coupled on both sides in the
column direction to adjacent sense amplifier circuits by a
COMMON SOUrce.

13. The sense amplifier circuit of claim 3, wherein each of
said first and second MOS transistors comprises first and
second gate portions having a drain therebetween.

14. The sense amplifier circuit of claim 13, wherein the
direction of current flow in said first gate portion is opposite
to the direction of current flow in said second gate portion.

15. The sense amplifier circuit of claim 3, wherein a gate
of said at least one first MOS transistor is coupled to a drain
of said at least one second MOS transistor.

16. The sense amplifier circuit of claim 3, wherein a
source of said at least one first MOS transistor is coupled to
a source of said at least one second MOS transistor.

17. A plurality of sense amplifier circuits arranged along
a column direction, each of said sense amplifier circuits
COMPFISING.

first and second MOS transistors each formed from a

transistor patr having commonly connected gates, com-
monly connected sources, and commonly connected
drains;

wherein said first MOS transistor is formed in the same
contimious region as other first MOS transistors of
adjacent sense amplifier circuits on both sides of said
first MOS transistor in the column direction; and

wherein said second MOS transistor is formed in the same
continmious region as other second MOS transistors of
said adjacent sense amplifier circuits on both sides of
said second MOS transistor in the column direction.
18. The sense amplifier circuit of claim 17, wherein the
direction of current flow in one of the transistors of each
fransistor patr 1s opposite fo the direction of current flow in
the other transistor of said transistor pair.

3

19. The sense amplifier circuit of claim 17, wherein said
sources of said first MOS transistor are connected to said
sources of said second MOS transistor.

20. The sense amplifier circuit of claim 19, further com-

5 prising first and second bit wires coupled to said first and
second MOS transistors.

21. The sense amplifier circuit of claim 20, wherein said
first bit wire is connected to said drains of said first MOS
fransistor.

22. The sense amplifier circuit of claim 21, wherein said
first bit wire is connected to said gates of said second MOS
[ransistor.

23. The sense amplifier circuit of claim 22, wherein said
second bit wire is connected to said gates of said first MOS
15 fransistor.

24. The sense amplifier circuit of claim 23, wherein said
second bit wire is connected to said drains of said second
MOS transistor.

25. A latch type sense amplifier circuit comprising.

10

20 first and second bit wires each coupled to a memory cell;

first and second MOS transistors each consisting of an
even number of either N-type or P-type MOS transis-
fors connected in parallel to each other;

satd first MOS transistor having drains connected to said

first bit wire and gates connected to said second bit

wire,

said second MOS transistor having drains coupled to said

second bit wire and gates connected to said first bit

wire; and

satd first and second MQOS ftransistors having sources

commonly connected to a power source wire.

20. The latch type sense amplifier circuit of claim 25
wherein said first and second MOS transistors each consists
s of two N-type or P-type MOS ftransistors connected in

parallel.

27. The latch type sense amplifier circuit of claim 25
wherein said first and second MOS transistors each consist
of an even number of N-type transistors and said power

4 Source wire is an earth wire.

28. The latch type sense amplifier circuit of claim 25
wherein said first and second MOS transistors each consist
of an even number of P-type transistors and said power
source wire s a Vec wire.

25

30

3



	Front Page
	Drawings
	Specification
	Claims

