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SEMICONDUCTOR MEMORY DEVICE

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.

The present application is a veissue application of appli-
cation Ser. No. 09/356,364, now U.S. Pat. No. 6,101,120,

issued Aug. 8, 2000. The present invention contains subject
matter related Japanese Patent Application JP 10-203240
filed in the Japan Patent Office on Jul. 17, 1998.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor memory
device 1n which a memory cell such as a 6-transistor SRAM
(Static Random Access Memory) cell has a CMOS (Comple-
mentary Metal Oxide Semiconductor) structure. More par-
ticularly, the mvention relates to a semiconductor memory
device suitable for a split word line type SRAM 1n which
word lines are arranged so as to be 1solated from every word
transistor.

2. Description of the Related Art

An SRAM cell generally comprises a flip-tlop and two
transistors (word transistors) which are made conductive or
nonconductive 1n accordance with a voltage applied to a word
line to determine whether each of two storage nodes of the
tlip-flop 1s connected to a bit line or not. The SRAM cells can
be broadly divided 1nto two types depending on a load ele-
ment of the flip-flop; an MOS transistor load type and a
high-resistance load type. The MOS transistor load type has
the structure comprising six transistors. According to the type
of the load transistor, there are a known p-channel type MOS
transistor (hereinbelow, reterred to as pMOS) load type and a
known TFT (Thin Film Transistor) load type.
|[Related Art 1]

FIG. 27 1s a plan view showing an example of an arrange-
ment pattern of a pMOS load type SRAM cell 300 of arelated
art. The diagram 1llustrates a state after gates of transistors are
formed. An upper wiring layer of connecting lines, bit lines,
and the like 1n the cell 1s omitted here. Instead, in FIG. 27,
connecting lines of parts connected by the upper wiring layer
are shown on the pattern.

The pMOS load type SRAM cell 300 has two p-type active
regions 302a and 302b 1n which n-channel type MOS tran-
sistors (hereinbelow, referred to as nMOS transistors) are
tormed and two n-type active regions 304a and 304b in which
pMOS transistors are formed. Each of the active regions
302a, 302b, 304a, and 304b 1s surrounded by a device 1sola-
tion 1insulating region of, for example, a LOCOS (Local Oxi-
dation of Silicon) or trench structure.

In the SRAM cell 300 of the related art, each of the two
p-type activeregions 302a and 302b has a shape 1n a plan view
which 1s bent outward almost at a right angle. A driving
transistor (Qnl (or Qn2) and a word transistor (Qn3 (or Qnd)
are formed on both sides of the bent part. A word line WL
serving as a polysilicon gate electrode of each of the word
transistors Qn3 and Qnd almost perpendicularly crosses the
two p-type active regions 302a and 302b and penetrates the
cell 1n the lateral direction 1n FIG. 27. On the other hand,
common gate lines 306a and 306b serving as polysilicon gate
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2

clectrodes of the driving transistors Qnl and Qn2 are indi-
vidually provided 1n every cell. That 1s, the common gate line
306a perpendicularly crosses the p-type active region 302a 1n
the vertical direction of FIG. 27. In a similar direction, the
common gate line 306b perpendicularly crosses the p-type
active region 302b.

The common gate lines 306a and 306b also perpendicu-
larly cross the n-type active regions 304a and 304b, respec-
tively. The pMOS transistors (load transistors Qpl and Qp2)
are formed in the n-type active regions 304a and 304b, respec-
tively. A first inverter 1s formed by the load transistor Qp1 and
the driving transistor Qnl. Similarly, a second inverter 1s
formed by the load transistor Qp2 and the driving transistor
Qn2. Each of the common gate lines 306a and 306b is
branched at some midpoint. As shown by connecting lines in
FIG. 27, the input terminal of one of the inverters 1s connected
to the output terminal of the other inverter 1n the second
polysilicon wiring layer. A supply line of a power source
voltage V __, supply line, a common potential V__ supply line,
and bit lines BLL1 and BL2 are connected as shown in the
diagram.

[Related Art 2]

In recent years, a split word line type SRAM cell in which
word lines are arranged so as to be 1solated from every word
transistor has been proposed 1n, for example, “A low Cost
Microprocessor Compatible, 18.4 um?, 6-T Bulk Cell Tech-
nology for High Speed SRAMSs”, VLSI Symposium Report,
pp 65-66, 1993,

FIG. 28 1s a plan view, in a manner similar to FIG. 27,
showing an arrangement pattern of a split word line type cell
described 1n the literature.

In a split word line type SRAM cell 310, a p-type active
region 312 1n which nMOS transistors are formed 1s provided
so as to be commonly used by mverters and word transistors
and 1s also commonly used by cells neighboring 1n the word
line direction. Similarly, an n-type active region 314 in which
pMOS ftransistors are formed 1s commonly formed in
between each mverter and in between each cell neighboring
in the word line direction. The connecting lines shown 1n FIG.
28 are basically similar to those mn FIG. 27. A p-MOS tran-
sistor and an n-MOS transistor of each inverter are connected
in series 1n the second polysilicon layer. A connecting part of
the series connection point of the p-MOS and n-MOS tran-
sistors and the mput terminal of another inverter, the power
source voltage V __ supply line and the like are formed in the
third polycide layer. The common potential V__ supply line
and the bit lines are formed 1n the fourth metal wiring layer.

Generally, 1n order to 1ncrease the packing density and the
capacity of a semiconductor memory device, 1t 1s indispens-
able to make a finer pattern. The formation of a finer pattern
can be achieved by making a pattern itself finer and introduc-
tion of a self aligning formation technique which does not
require a reduction 1n a deviation amount in alignment of
photo masks in different patterns and improvement on an
alignment deviation between patterns.

The former technique of making a pattern itself finer 1s
achieved by improving the material of a resist, increasing a
process accuracy of wiring and the like which are formed by
using the resist as a pattern transier mask and shortening the
wavelength of light from the light source of an aligner from
the g and 1 lines, a KrF excimer laser, an Ar excimer laser, and
turther to an X-ray.

On the other hand, with respect to the alignment deviation
among patterns in the latter technique, by applying the self
aligning formation technique, the alignment deviation can be
largely reduced while assuring good characteristics and high
reliability. In an actual device manufacture, however, pro-
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cesses to which the self aligning formation technique can be
applied are limited. In the other processes, the deviation
among patterns depends on the machine accuracy of the
aligner. Since the machine accuracy has not been improved
largely, under the present circumstances, the reduction 1n the
amount of deviation has not progressed as much as the reduc-
tion 1n size of the pattern.

A pattern design such that even when a deviation occurs 1n
the alignment of patterns during a process to which the self
aligning technique cannot be applied, the deviation does not
become a problem from the viewpoint of characteristics, reli-
ability, and the like 1s demanded.

In the SRAM cells of the related arts 1 and 2 shown in
FIGS. 27 and 28, however, the deviation among patterns 1s not
suificiently considered 1n the pattern design.

For example, in the SRAM cell 300 of the related art 1
shown 1n FIG. 27, each of the p-type active regions 302a and
302b 1n which the nMOS ftransistors are formed bends out-
ward. Although the pattern on the mask 1s a combination of
rectangles, as illustrated 1n the diagram, an actual finished
pattern 1s deformed with the corners largely rounded. This 1s
caused by excessive light intensity in the case of pattern
formation by leaving a resist or by msuificient light intensity
in the case of pattern formation by removing a resist when
exposure 1s performed by using a mask pattern (pattern trans-
ter) onto the resist. In the specifically shown example, the gate
width (1.e., the size of an overlapped part 1n the direction
which perpendicularly crosses the channel current direction)
of each of the driving transistors Qnl and (Qn2 tends to
increase and the gate width of each of the word transistors
Qn3 and Qnd tends to decrease.

In addition to the pattern deformation, the patterns them-
selves of the p-type active regions 302a and 302b are bent and
the transistor size (1.€., the size of the channel forming region)
varies due to the deviation of the photo mask when gate
clectrodes (1n this case, the word line WL and the common
gate lines 306a and 306b) are formed on the patterns. For
instance, i FIG. 27, when the gate pattern such as common
gate lines 306a and 306b 1s deviated to the right side with
respect to the pattern of the p-type active regions 302a and
302b (LOCOS pattern 1n practice), the gate width of the
driving transistor Qn2 decreases and the gate width of the
driving transistor (Qnl increases. On the contrary, when the
gate pattern 1s deviated to the left side, the gate width of the
driving transistor Qnl decreases and the gate width of the
driving transistor Qn2 increases. In any case, the character-
istics of the two mverters constructing the flip-tlop become
accordingly unequal. Thus, the stability of the tlip-tlop and
turther the data holding characteristics of the SRAM memory
cell deteriorate.

When the gate pattern 1s deviated downward, the gate
width of each of the word transistors (Qn3 and Qn4 1s reduced.
At the time of reading or writing data from/to the SRAM
memory cell, especially on the low node side maintained at a
low potential level, the resistance 1n a current path of the cell
current flowing from the bit line, word transistor, storage
node, driving transistor, and to the common potential supply-
ing line becomes high and the reading or writing operation
becomes slow. On the contrary, when the gate pattern 1s
deviated upward, although there does not occur any problem
in the cell shown 1n FIG. 27, a similar problem which occurs
when the gate pattern 1s deviated downward occurs 1n an
upper cell which 1s adjacent to the cell of FIG. 27. The cells
are arranged to be symmetrical in the vertical direction with
respect to the bit contacts as a center. As a result, the resis-
tance 1n the cell current path increases and the reading or
writing operation becomes slow.
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As described above, when the size on the nMOS transistor
side changes, that 1s, when the sizes of the driving transistor
and the word transistor change relatively, the cell character-
istics (1.e., data holding characteristic, high speed, and the
like) deteriorate. The deviation among patterns slightly varies
according to a position 1n a water (for example, every chip),
the characteristics also change according to the position in the
waler. This appears as a characteristic variation ol semicon-
ductor products, occurring in memory cell arrays or chips.

The problem of the deterioration and variation 1n the char-
acteristics due to the variation 1n transistor size also occurs 1n
the split word line type SRAM cell illustrated 1n FIG. 28. In
the split word line type SRAM cell 310, the active regions 312
and 314 are commonly connected to neighboring cells and the
common connection part 1s bent with respect to the other part.
Consequently, the size change becomes a problem in both of
the driving transistors Qnl and (Qn2 and the load transistors
Qp1l and Qp2 which are adjacent to the bent part. Especially,
the SRAM cell of this type 1s sensitive to the deviation 1n the
bit line wiring direction and a variation tends to occur among
inverters. The data holding characteristic of the memory cell
deteriorates in this case as well, and the reading or writing
speed becomes lower.

As another related art, “A Novel 6.4 um” Full-CMOS
SRAM Cell with Aspect Ratio 01 0.63 1n a High-Performance
0.25 um-Generation CMOS Technology”, 1998 Symposium
on VLSI Technology Digest of Technical Papers discloses a
pattern for a high speed SRAM. Since the SRAM has aregion
in which an active region 1s bent, 1t has also a problem similar
to that of the related arts.

The problem of the deterioration and variation 1n the char-
acteristics can be avoided by sulficiently separating the gate
clectrode from the bent part in the active region. It 1s not,
however, preferable since the cell area increases.

The applicant of the present mvention has consequently
proposed a cell pattern and a semiconductor memory device
having a cell structure which can effectively prevent the dete-
rioration 1n the characteristics due to a deviation in patterns at
the time of forming the gate while effectively suppressing
enlargement of the memory cell area or, moreover, reducing
the memory cell area (Japanese Unexamined Patent Applica-
tion No. 10-171186). The outline of the semiconductor
memory device will now be described hereinbelow.

FIGS. 29 to 32 show pattern structures and cross sections in
processes of fabricating the SRAM cell 200 as an example of
the semiconductor memory device which has been proposed
betore.

In a state shown 1n FIG. 29, a device 1solation region 202
such as LOCOS or trench 1s formed on the surface side of a
semiconductor substrate 201 such as a silicon water 1n which
a p-type well region and an n-type well region (not shown) are
tormed. The surface region of the p-type well region in which
the device 1solation region 202 1s not formed 1s a p-type active
region 203 1n which an n-type MOS channel 1s formed. The
surface region of the n-type well region 1n which the device
1solation region 202 is not formed 1s an n-type active region
204 1n which a pMOS channel 1s formed. The two active
regions 203 and 204 each having a rectangular pattern are
formed 1n parallel. FIG. 30 1s a cross section taken along the
line M-M' of FIG. 29.

In the process shown in FIG. 32, after performing ion
implantation for threshold voltage control or channel stopper
as required, a gate oxide film 205, a first polysilicon or poly-
cide layer (hereinbelow, referred to as “1PS”), and an offset
insulating film 208 are sequentially formed. The 1PS 1s com-
prised of, for example, a polysilicon film 206 and a WSix film
207. The gate oxide film 205 and the offset insulating film 208
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are made of oxide silicon. The thickness of each of the poly-
silicon film 206 and the WSix film 207 1s about 70 nm. The

thickness of the oflset insulating {ilm 208 1s about 200 nm. By
introducing impurities at the time of or aiter the film forma-
tion, the polysilicon film 206 1s made conductive.
Subsequently, the offset insulating film 208, the WSix film
207, the polysilicon film 206, and the gate oxide film 203 are
successively processed, thereby simultaneously forming two
word lines WL1 and WL2 also serving as gate electrodes of
two word transistors, a common gate line GL1 also serving as
gate electrodes of the driving and load transistors, and a
common gate line GL2 also serving as gate electrodes of the

driving and load transistors.

The two word lines WL1 and WL2 perpendicularly cross
near both ends of the p-type active region 203, penetrate the
cells, and are arranged 1n parallel to each other. The common
gate lines GL1 and GL2 perpendicularly cross both of the
p-type active region 203 and the n-type active region 204
within the interval of the word lines WL1 and WL2 and are
arranged 1n parallel to each other so that the common gate

lines GLL1 and GL.2 and the word lines WL1 and WL.2 are

spaced at regular intervals. Each of the common gate lines
(GL1 and GL2 has arectangular pattern provided for every cell
and 1s 1solated from common gate lines (not illustrated) of
cells neighboring 1n the word line direction. FIG. 32 1s a cross
section taken along the line N-N' of FIG. 31.

In the SRAM cell having such a structure, each of the two
active regions 203 and 204 in the cell 1s formed 1n a simple
rectangular pattern or a pattern of an almost rectangular shape
with a step so that the channel current directions are 1n par-
allel. Gate electrode patterns (word lines WL1 and WL2 and
the common gate lines GLL1 and GL2) formed on the active
regions 203 and 204 are arranged 1n parallel to each other.
Due to a deviation 1in alignment at the time of formation of the
gate electrode patterns, therefore, the size of the transistor
(1.e., the si1ze of the area 1n which the gate electrode pattern
and the active area 1s overlapped) uniformly changes 1n tran-
sistors. As for the alignment, there 1s the possibility that not
only a pattern deviation 1n the Xy directions but also a rotation
deviation (deviation 0) occurs. Due to any of the xy direction
deviation and the deviation 0, the sizes of all transistors uni-
tformly change. Especially, since the pattern does not have the
bent active region unlike the conventional pattern, it 1s not
casily influenced by a distortion in the pattern shape caused
by excessive or insulficient exposure intensity. That is, as long,
as there 1s not a large alignment deviation to the ends of the
active areas 203 and 204 as rectangular patterns, the situation
such that the si1ze of only a specific transistor changes as in the
related arts can be effectively avoided.

Since the transistor characteristics 1n the cells do not vary
due to the alignment deviation in the patterns, the inverter
characteristics of the memory cell are therefore stabilized.
Various effects such that the charge holding characteristics of
the SRAM cell do not deteriorate during a manufacturing
process and excellent cell characteristics are obtained can be
produced.

Although the excellent effects as described above can be
obtained, since memory cells are arranged bit by bit 1n the
vertical direction (that 1s, the word and bit line directions) in
a matrix state, the SRAM cell has a problem such that 1t 1s
difficult to further increase the packing density.

SUMMARY OF THE INVENTION

The invention has been achieved in consideration of the
problem and 1t 1s an object of the mvention to provide a
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semiconductor memory device which canreduce the size of a
memory cell and can further increase the packing density.
A semiconductor memory device of the mvention has a
plurality of memory cells each comprising a first transistor of
a first conductive type and a second transistor of a second
conductive type, wherein a first active region 1 which a
channel of the first transistor 1s formed and a second active
region 1n which a channel of the second transistor 1s formed
are arranged so that the channel current direction of the first
transistor and the channel current direction of the second
transistor are in parallel to each other 1n each memory cell,
and two memory cells among the plurality of memory cells,
which are adjacent to each other 1n a direction which perpen-

dicularly crosses the channel current direction have a posi-

tional relation such that the two memory cells are deviated

from each other by, for example, a half bit 1n the channel
current direction.

A semiconductor memory device according to the mven-
tion has a plurality of memory cells each comprising a first
transistor of a first conductive type and a second transistor of
a second conductive type, wherein a first active region 1n
which a channel of the first transistor 1s formed and a second
active region in which a channel of the second transistor 1s
formed are arranged so that the channel current direction of
the first transistor and the channel current direction of the
second transistor are in parallel to each other 1n each memory
cell, and two memory cells, among the plurality of memory
cells, which are adjacent to each other in a direction which
perpendicularly crosses the channel current direction have a
positional relation such that the two memory cells are devi-
ated from each other 1n the channel current direction and a
part of one of the two memory cells 1s overlapped with a part
of the other memory cell.

In the semiconductor memory device according to the
invention, since two memory cells which are adjacent 1n a
direction which perpendicularly crosses the channel current
direction have a positional relation such that the two memory
cells are deviated from each other in the channel current
direction, the two adjacent memory cells can be arranged so
that a part of one of the two memory cells 1s overlapped with
a part of the other memory cell. Thus, the size of the memory
cell 1s reduced and the packing density 1s increased.

In another semiconductor memory device according to the
invention, since two memory cells which are adjacent to each
other 1n a direction which perpendicularly crosses the channel
current direction have a positional relation such that the two
memory cells are deviated from each other 1n the channel
current direction and are arranged so that a part of one of the
two memory cells 1s overlapped with a part of the other
memory cell 1n the direction which perpendicularly crosses
the channel current direction. Thus, the size of the memory
cell 1s reduced and the packing density can be increased.

Other and further objects, features and advantages of the
invention will appear more fully from the following descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 15 a circuit configuration diagram of a pMOS load
type SRAM cell according to an embodiment of the mnven-
tion.

FIG. 2 1s a pattern arrangement diagram for explaining a
process of manufacturing an SRAM according to the embodi-
ment of the mvention.

FIG. 3 1s a cross section taken along the line A-A' of FIG.
2.
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FIG. 4 1s a pattern arrangement diagram for explaining the
process of manufacturing the SRAM, which 1s continued

from FIG. 2.
FIG. S 1s a cross section taken along the line B-B' of FI1G. 4.
FIG. 6 1s a pattern arrangement diagram for explaining the

process of manufacturing the SRAM, which 1s continued

from FIG. 4.
FI1G. 7 1s a cross section taken along the line C-C' of FIG. 6.
FIG. 8 1s a pattern arrangement diagram for explaining the

process of manufacturing the SRAM, which i1s continued
from FIG. 6.

FIG. 9 1s a cross section taken along the line D-D' of FIG.

8.
FI1G. 101s a pattern arrangement diagram for explaining the

process ol manufacturing the SRAM, which 1s continued

from FIG. 8.
FIG. 11 1s a cross section taken along the line E-E' of FIG.
10.

FIG. 12 1s a pattern arrangement diagram for explaining the
process ol manufacturing the SRAM, which 1s continued

from FIG. 10.

FI1G. 13 1s a cross section taken along the line F-F' of FIG.
12.

FI1G. 14 1s a pattern arrangement diagram for explaining the
process ol manufacturing the SRAM, which 1s continued
from FIG. 12.

FIG. 15 1s a cross section taken along the line G-G' of FIG.
14.

FI1G. 16 1s a pattern arrangement diagram for explaining the
process of manufacturing the SRAM, which 1s continued
from FIG. 14.

FI1G. 17 1s a cross section taken along the line H-H' of FIG.
16.

FI1G. 18 15 a pattern arrangement diagram for explaining the
process of manufacturing the SRAM, which i1s continued
from FIG. 16.

FIG. 19 1s a cross section taken along the line I-I' of FIG.
18.

FI1G. 201s a pattern arrangement diagram for explaining the
process ol manufacturing the SRAM, which 1s continued
from FIG. 18.

FIG. 21 1s a cross section taken along the line J-I' of FIG.
20.

FI1G. 22 1s a pattern arrangement diagram for explaining the
process of manufacturing the SRAM, which 1s continued
from FIG. 20.

FI1G. 23 15 a cross section taken along the line K-K' of FIG.
22.

FI1G. 24 15 a pattern arrangement diagram for explaining the
process of manufacturing the SRAM, which i1s continued
from FIG. 22.

FI1G. 25 1s a cross section taken along the line L-L' of FIG.
24.

FIGS. 26 A and 26B are a pattern arrangement diagram for
explanation by comparing the size of an SRAM cell of a
related art with that of an SRAM cell of the present invention.

FI1G. 27 1s a pattern arrangement diagram for explaining an
example of the structure of an SRAM cell of a related art.

FI1G. 28 1s a pattern arrangement diagram for explaining an
example of the structure of an SRAM cell of another related
art.

FI1G. 29 1s a pattern arrangement diagram for explaiming an
outline of a process of manufacturing an SRAM, which has
been proposed before 1n relation to the present invention.

FI1G. 30 1s a cross section taken along the line M-M' of FIG.
29,
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FIG. 31 1s apattern arrangement diagram for explaining the
process of manufacturing the SRAM, which 1s continued
from FIG. 29.

FIG. 32 1s a cross section taken along the line N-N' of FIG.
30.

DETAILED DESCRIPTION OF THE PR.
EMBODIMENTS

(1]
By

ERRED

Embodiments of the invention will be described in detail
hereinbelow with reference to the drawings.

FIG. 1 shows a circuit configuration of a 6-transistor
pMOS load type SRAM cell according to an embodiment of
the mvention.

The pMOS load type SRAM cell has n-channel type MOS
transistors (hereinbelow, referred to as nMOS transistors)
Qnl and Qn2 and p-channel type MOS transistors (hereinbe-
low, referred to as pMOS transistors) Qpl and Qp2. The
nMOS transistors (Qnl and Qn2 act as driving transistors and
the pMOS transistors Qpl and Qp2 act as load transistors. The
pMOS ftransistors Qpl and Qp2 and the nMOS transistors
Qnl and Qn2 construct two 1nverters (flip-tlop) in which the
input terminals cross each other, one of the input terminals 1s
connected to the output terminal of the other inverter, and the
input terminal of the other inverter 1s connected to the output
terminal of the one of the iverters.

nMOS transistors Qn3 and Qnd denote word transistors for
controlling whether the connection points (storage nodes
ND1 and ND2) of the inverters are connected to bit lines BLL1
and BL2 or not in accordance with voltages applied to word
lines WL1 and WL2. This cell structure 1s common so that
turther detailed description of the connection 1s omitted here.

In the pMOS load type SRAM cell, by applying a prede-
termined voltage to the gates of the word transistors Qn3 and
Qnd via the word lines WL1 and WL2 so as to make the
potential of one (BL1) of the bit lines high, both of the
transistors Qn3 and Qnd are turned on and charges are accu-
mulated 1n the storage nodes ND1 and ND2. As a feature of
the flip-flop structure, the driving transistors (Qnl and (n2
and the load transistors Qp1 and Qp2 operate 1n such a man-
ner that, when one of the storage nodes goes high (H), the
other storage node goes low (L). For example, when the
storage node ND1 1s “H” and the storage node ND2 1s “L”°, the
transistors Qn2 and (pl enter the ON state and the transistors
Qnl and Qp2 enter the OFF state. Charges are supplied from
the power source voltage V __ supply line to the storage node
ND1 and the storage node ND2 1s held at the ground potential.
In the case where the storage node ND1 1s forcedly shifted to
“L” by turning on the word transistor (Jn3 when the potential
of the bit line BLL1 15 “L”, or in the case where the storage node
ND2 i1s forcedly shifted to “H” by turming on the word tran-
s1stor Qnd when the potential of the bit line BL.2 1s “H”, all of
the transistors Qnl, Qn2, Qpl, and Qp2 are inverted, the
charges tfrom the power source voltage V . supply line are
supplied to the storage node ND2, and the storage node ND1
1s held at the ground potential. As described above, by holding
the charges by the tlip-tlop, the charges are statically held at
the storage nodes ND1 and ND2, the potential “L”” or “H” 1s
assoclated with data of “0” or ““1”, and the data can be stored
by the six transistors in the cell.

The structure of the fundamental pattern of the 6-transistor
type SRAM cell according to the embodiment of the mnven-
tion will now be described with reference to FIGS. 2 to 5 The
SRAM 1s of the split word line type. Each memory cell 10
comprises a p-type active region 13, an n-type active region
14, two word lines 21a and 21b (WL1 and WL2) also serving

as gate electrodes of the word transistors Qn3 and Qnd, a
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common gate line 22a (GL1) also serving as gate electrodes
of the driving transistor (Qnl and the load transistor Qpl, and
a common gate line 22b (GL2) also serving as gate electrodes
ol the driving transistor Qn2 and the load transistor Qp2.

The two word lines 21a and 21b perpendicularly cross near
both ends of the p-type active region 13 and are arranged in
parallel to each other. The common gate lines 22a and 22b are
positioned between the word lines 21a and 21b and perpen-
dicularly cross the p-type active region 13 and the n-type
active region 14. The common gate lines 22a and 22b are
arranged 1n parallel to each other so that the word lines 21a
and 21b and the common gate lines 22a and 22b are arranged
in parallel to each other atregular intervals. The common gate
lines 22a and 22b are rectangular patterns provided for each
cell and are 1solated from common gate lines of cells which
are neighboring 1n the word line direction.

In the embodiment, two neighboring memory cells 10 and
10" with their n-type active regions 14 facing each other are
arranged so as to be deviated from each other by an amount of,
for example, a half bit 1in the direction (1.e., the channel
current direction) which perpendicularly crosses the word
line direction from the positions where the memory cells 10
and 10" perfectly face each other. The memory cells 10 and 10
are disposed so that parts of the memory cells 10 and 10' are
overlapped with each other 1n the word line direction. That 1s,
in the embodiment, by making the neighboring two memory
cells 10 and 10" deviated from each other by an amount of a
half bit 1n the direction which perpendicularly crosses the
word line direction, the long common gate lines 22a and 22b
which conventionally have faced those in the neighboring

cells are deviated. By using the deviation, the memory cells
10 and 10' are deviated also 1n the word line direction with
their parts overlapped with each other. In the embodiment,
consequently, the size of the memory cell can be reduced 1n
the word line direction. Although the memory cells 10 and 10
have the positional relation such that the common gate lines
22a and 22b face the word lines 21a and 21b, respectively, 1n
the embodiment, since the word lines 21a and 21b are short as
described above, the common gate line and the word line are
not 1n contact.

The process of manufacturing the SRAM will be described
with reference to FIGS. 2 to 25. The even-numbered diagrams

(FIGS. 2, 4, . . ., 22, and 24) 1llustrate pattern overlapped
states 1n respective processes. The odd-numbered diagrams
(FIGS. 3,5, ..., and 25) show corresponding structures in

cross section 1n the respective processes.

According to the embodiment, as 1llustrated 1n FIGS. 2 and
3, 1neach memory cell 10, adevice 1solation region 12 such as
LOCOS or trench 1s formed on the surface of a semiconductor
substrate 11 such as a silicon water 1n which p-well regions
and n-well regions (not shown) are formed. The surface
region ol the p-well region in which the device 1solation
region 12 1s not formed serves as the p-type active region 13
in which an n-type MOS channel 1s formed, and the surface
region ol the n-type well region 1n which the device 1solation
region 12 1s not formed serves as the n-type active region 14
in which the pMOS channel 1s formed. The two active regions
13 and 14 each having a rectangular pattern are formed 1n
parallel to each other. In the embodiment, as described above,
the neighboring memory cells 10 and 10" with their n-type
active regions 14 facing each other are deviated from each
other by, for example, a half bit 1n the direction (i.e., the
channel current direction) which perpendicularly crosses the
word line direction from the positions where the memory
cells 10 and 10" perfectly face each other. The memory cells
10 and 10 are arranged so that their parts are overlapped with
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cach other 1n the word line direction. FIG. 3 1s a cross section
taken along the line A-A' of FIG. 2.

As shown 1n FIGS. 4 and 5, after performing 1on implan-
tation for threshold voltage control or channel stopper as
required, a gate oxide film 23, a first polysilicon or polycide
layer (hereinbelow, referred to as “1PS”), and an offset 1nsu-
lating {ilm 26 are sequentially formed. The 1PS 1s comprised
of, for example, a polysilicon film 24 and a WSix (tungsten
silicide) film 25. The gate oxide film 23 and the offset insu-
lating film 26 are made of silicon oxide. The thickness of each
of the polysilicon film 24 and the WSi1x film 25 1s about 70 nm.
The thickness of the offset insulating film 26 1s about 200 nm.
By introducing impurities at the time of or after the film
formation, the polysilicon film 24 1s made conductive.

Subsequently, the offset insulating film 26, the WSix film
235, the polysilicon film 24, and the gate oxide film 23 are
successively processed by using the gate electrode pattern,
thereby simultaneously forming the two word lines 21a and
21b (WL1 and WL2) also serving as the gate electrodes of the
word transistors Qn3 and (nd4, the common gate line 22a
(GL1) also serving as the gate electrodes of the driving tran-
sistor Qnl and the load transistor Qpl, and the common gate
line 22b (GL2) also serving as the gate electrodes of the
driving transistor (Qn2 and the load transistor Qp2.

The two word lines 21a and 21b perpendicularly cross parts
near both ends of the p-type active region 13, and are arranged
in parallel to each other. The length of each of the word lines
1s as short as about a half bit. The common gate lines 22a and
22b perpendicularly cross both of the p-type active region 13
and the n-type active region 14, between the word lines 21a
and 21b and are arranged 1n parallel to each other so that the
common gate lines 22a and 22b and the word lines 21a and
21b are spaced at regular intervals. Each of the word lines 21a
and 21b and the common gate lines 22a and 22b 1s patterned
in arectangular shape. FIG. 5 1s a cross section taken along the
line B-B' of FI1G. 4.

As shown 1n FIGS. 6 and 7, impurity regions serving as a
source and a drain of each transistor are formed by a known
transistor forming process. By the process, diffusion layer
regions 31a and 31b to which bit lines are connected, a dii-
fusion layer region 32 to which the ground line 1s connected,
a diffusion layer region 33 to which the power source line Vcc
1s connected, diffusion layer regions 34a and 34b serving as
n-type storage nodes, and diftusion layer regions 35a and 35b
serving as p-type storage nodes are formed. Consequently,
the word transistor Qn3, the driving transistor Qnl, the driv-
ing transistor Qn2, and the word transistor (Qnd are simulta-
neously formed 1n a state where they are connected 1n series
in the p-type active region 13, and the load transistors Qpl
and Qp2 are simultaneously formed 1n a state where they are
connected 1n series 1n the n-type active region 14. Then, a first
interlayer msulating film 27 1s formed on the whole surface
and the surface 1s flattened as necessary.

In the embodiment, to achieve self aligned contact which
will be described hereinlater, the first interlayer msulating,
film 27 1s formed by two kinds of films each having a high
selective ratio. For example, the film 27 1s formed by a layered
f1lm comprised of a silicon nitride film as a lower layer and a
silicon oxide film as an upper layer. FIG. 7 1s a cross section
taken along the line C-C' of FIG. 6.

As shown in FIGS. 8 and 9, in the diffusion layer regions
31a and 31b to which the bit lines are connected, bit line
contacts 41a and 41b are formed so as to be commonly used
by neighboring memory cells. Further, in the diffusion layer
region 32 to which the ground line 1s connected, a ground line
contact 42 1s formed. In the diffusion layer region 33 to which
the power source line 1s connected, a power source line con-
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tact 43 1s formed. In the diffusion layer regions 34a and 34b
serving as n-type storage nodes, n-type storage node contacts
44a and 44b are formed. In the diffusion layer regions 35a and
35b serving as p-type storage nodes, p-type storage node
contacts 45a and 45b are formed. FIG. 9 1s a cross section

taken along the line D-D' of FIG. 8.

The contacts 41a, 41b, . . ., 45a, and 45b are formed by the
conventional aligned contact or self aligned contact method.
In any of the contact forming processes, after a resist pattern
1s formed by photo lithography, the insulating film 1s sub-
jected to anisotropic etching by using the resist pattern as a
mask.

Further, gate electrode contacts 46a and 46b for connection
to the n-type storage nodes 34a and 34b and the p-type storage
nodes 35a and 35b are formed on the common gate lines 22a
and 22b. Word line contacts 47a and 47b for connection to the
word lines 21a and 21b of the upper layer are formed on the
gate electrodes 21a and 21b of the word transistors. Each of
the contacts 46a, 46b, 47a, and 47b 1s formed so that the whole
bottom face or a part of the bottom face of the contact 1s 1n
contact with the top face of each of the common gate lines 22a
and 22b and the word lines 21a and 21b. In the latter case,
since a part of the bottom face of the contact 1s opened toward
the device 1solation region, an mnsulating film of the opening,
ol the contact 1s etched so that the bottom face of the contact
1s 1n the device 1solation nsulating film.

As 1llustrated 1n FIGS. 10 and 11, a second interlayer
insulating film 50 1s formed on the first interlayer insulating
film 27. Subsequently, bit line contacts 5S1a and 51b are
formed 1n positions corresponding to the bit line contacts 41a
and 41b, 1n the interlayer insulating film 50. A ground line
contact 52 1s formed on the ground line contact 42. A power
source line contact 53 1s formed on the power source line
contact 43. Storage node contacts 54a and 54b are formed on
the n-type storage node contacts 44a and 44b. Storage node
contacts 33a and 55b are formed on the p-type storage node
contacts 435a and 45b. Gate electrode contacts 56a and 36b are
formed on the gate electrode contacts 46a and 46b. Gate
clectrode contacts 57a and 57b are formed on the word line
contacts 47a and 47b. The contacts 41a,41b, ...,57aand 57b
are formed by a conventional contact forming process. FIG.
11 1s a cross section taken along the line E-E' of FIG. 10.

As shown 1n FIGS. 12 and 13, on the interlayer insulating
film 50, a wire 61a for connecting the n-type storage node
contact 54a, the p-type storage node contact 33a, and the gate
clectrode contact 56b, and a wire 61b for connecting the
n-type storage node contact 54b, the p-type storage node
contact 55b, and the gate electrode contact 56a are formed.
The wires 61a and 61b are formed by a conventional semi-
conductor wiring process by using titanium (11) or a similar
metal so as to have a thickness of about 50 to 200 nm. FI1G. 13
1s a cross section taken along the line F-F' of FIG. 12.

In the embodiment, the oflset insulating film 26 1s pro-
vided, the first interlayer insulating film 27 has a double layer
structure of a high selective ratio, and the storage node con-
tacts, the power source line contacts, and the common poten-
t1al line contacts are subjected to etching of two stages so as
to be opened collectively, thereby achieving the self align-
ment of the contacts.

As shown in FIGS. 14 and 15, a third interlayer insulating
f1lm 70 1s formed on the interlayer mnsulating film 50 and the
wires 61a and 61b. Subsequently, bit line contact holes 71a
and 71b are formed on the bit line contacts S1a and 51b.
Further, a ground line contact 72 and a power source line
contact 73 are formed on the ground line contact 52 and the
power source line contact 53, respectively. Word line contacts
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74a and 74b are formed on the gate electrode contacts 57a and
57b, respectively. FIG. 15 1s a cross section taken along the
line G-G' of FIG. 14.

As 1llustrated 1n FIGS. 16 and 17, bit line connecting wires
81a and 81b which are connected to the bit line contacts 71a
and 71b are formed. Further, a ground line 82 and a power
source line 83 which are connected to the ground line contact
72 and the power source contact 73, respectively, are formed.
Word line connecting wires 84a and 84b which are connected
to the word line contacts 74a and 74b are formed. FIG. 17 1s
a cross section taken along the line H-H' of FIG. 16.

As shown 1n FIGS. 18 and 19, an interlayer insulating film
90 1s formed on the interlayer insulating film 70 and the wires
81a, 81b, . . ., 84a, and 84b. Subsequently, bit line contacts
91a and 91b are formed on the bit line connecting wires 81a
and 81b. Further, word line contacts 92a and 92b are formed
on the word line connecting wires 84a and 84b. FIG. 19 15 a
cross section taken along the line I-I' of FIG. 18.

As shown 1 FIGS. 20 and 21, bit line connecting wires
101a and 101b which are connected to the bit line contacts
O91a and 91b are formed. Further, a word line wire 102 to be
connected to the word line contacts 92a and 92b 1s formed.
FIG. 21 1s a cross section taken along the line J-I' of FIG. 20.

As 1llustrated 1n FIGS. 22 and 23, an interlayer msulating
f1lm 110 1s formed on the interlayer insulating film 90 and the
wires 101a, 101b, and 102. Bit line contacts 111a and 111b
are formed on the bit line connecting wires 101a and 101b.
FIG. 23 1s a cross section taken along the line K-K' of FIG. 22.

As shownn FIGS. 24 and 25, bitlines 121aand 121b (BL,,
BL.,) which are connected to the bit line contacts 111a and
111b are formed. FIG. 25 1s a cross section taken along the
line L-L' of FIG. 24. The contacts and the wires can be formed
according to a conventional semiconductor contact and wire
forming process. Finally, although not shown, after an upper
wiring layer 1s further formed if necessary, a process of form-
ing an overcoat {ilm, opening a pad window, and the like 1s
performed, and the connection process of the SRAM 1s fin-
1shed.

In the embodiment, two memory cells which are neighbor-
ing in the word line direction are constructed so as to have a
positional relation that the memory cells are deviated from
cach other 1n the direction which perpendicularly crosses the
word line direction, and parts of the memory cells are
arranged so as to be overlapped with each other in the word
line direction. Consequently, the cell size can be reduced and
the packing density can be increased.

FIGS. 26A and 26B are diagrams to show comparison

between the size of an SRAM cell of a conventional art and
that of an SRAM cell of the present invention. FIG. 26 A

illustrates the SRAM cells of the related art and FIG. 268
shows the SRAM cells of the invention. The size of one bit of
the related art 1s 2.0 um (W, )x1.8 um (H, ) while the size of
one bit of the mvention 1s 2.0 um (W,)x1.6 um (H,). For
example, when the size 1s converted 1n the area of an array of
512x16 bits, the area of the conventional SRAM array 1s
29,491 um* while that of the SRAM array of the invention is
26,266 um~. Thus, 11% of the area can be reduced.

Although the invention has been described by the forego-
ing embodiment, the ivention 1s not limited to the embodi-
ment but can be variously modified. For example, although
the deviation amount of the neighboring memory cells 1s the
half bit 1n the foregoing embodiment, the amount 1s arbitrary.
For example, 1t can be a V4 bit. The overlapping amount of the
neighboring cells 1s also arbitrary.

In the semiconductor memory device of the mvention as
described above, two memory cells which are neighboring 1n
the direction which perpendicularly crosses the channel cur-
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rent direction are arranged so as to have the positional relation
such that the memory cells are deviated from each other in the
channel current direction. Consequently, the neighboring two
memory cells can be arranged with their parts overlapped
with each other in the direction which perpendicularly
crosses the channel current direction. Thus, effects such that
the cell size can be reduced and the packing density can be
increased are produced.
In another semiconductor memory device of the mnvention,
two memory cells which are neighboring 1n the direction
which perpendicularly crosses the channel current direction
are arranged so as to have the positional relation such that the
memory cells are deviated from each other in the channel
current direction with their parts overlapped with each other.
Consequently, the two memory cells can be arranged with
their parts overlapped with each other. Thus, effects such that
the memory cell size can be reduced and the packing density
can be increased are produced.
Obviously many modifications and variations of the
present invention are possible in the light of the above teach-
ings. It 1s therefore to be understood that within the scope of
the appended claims the ivention may be practiced other-
wise than as specifically described.
What 1s claimed 1s:
1. A semiconductor memory device having a plurality of
SRAM cells each comprising a first transistor of a first con-
ductive type and a second transistor of a second conductive
type.
wherein a first active region 1n which a channel of the first
transistor 1s formed and a second active region in which
a channel of the second transistor 1s formed are arranged
so that the channel current direction of the first transistor
and the channel current direction of the second transistor
are 1n parallel to each other 1n each memory cell, and

two memory cells, among the plurality of memory cells,
which are adjacent to each other 1n one direction which
perpendicularly crosses the channel current direction
have a positional relation such that the two memory cells
are deviated from each other in the channel current
direction.
2. The semiconductor memory device according to claim 1,
wherein two memory cells, among the plurality of memory
cells, which are adjacent to each other in the other direction
which perpendicularly crosses the channel current direction
have a positional relation such that the two memory cells are
aligned in the channel current direction.
3. A semiconductor memory device having a plurality of
SRAM cells each comprising a first transistor of a first con-
ductive type and a second transistor of a second conductive
type.
wherein a first active region 1n which a channel of the first
transistor 1s formed and a second active region in which
a channel of the second transistor 1s formed are arranged
so that the channel current direction of the first transistor
and the channel current direction of the second transistor
are 1n parallel to each other in each memory cell, and

two memory cells, among the plurality of memory cells,
which are adjacent to each other 1n one direction which
perpendicularly crosses the channel current direction
have a positional relation such that the two memory cells
are deviated from each other in the channel current
direction and a part of a memory cell region of one of the
two memory cells 1s overlapped with a part of a memory
cell region of the other memory cell.

4. The semiconductor memory device according to claim 3,
wherein two memory cells, among the plurality of memory
cells, which are adjacent to each other 1n the other direction

10

15

20

25

30

35

40

45

50

55

60

65

14

which perpendicularly crosses the channel current direction
have a positional relation such that the two memory cells are
aligned 1n the channel current direction.

5. The semiconductor memory device according to claim 3,
wherein the first and second active regions are 1solated from
cach other between the adjacent two memory cells.

6. The semiconductor memory device according to claim 3,
wherein a pattern of a wiring layer which also serves as gate
clectrodes of the first and second transistors 1s disposed so as
to perpendicularly cross the first or the second active region
on the first or second active region.

7. The semiconductor memory device according to claim 3,
wherein four of the first transistors are provided 1n series in
the first active region, and

two of the second transistors are provided 1n series 1n the
second active region.

8. The semiconductor memory device according to claim 7,

wherein each memory cell comprises:

stripe-shaped two word lines arranged 1n parallel, each of
which 1s arranged so as to perpendicularly cross the first
active region and also serves as a gate electrode of a word
transistor of the first conductive type; and

two common gate lines which are arranged in parallel to
cach other, each of which perpendicularly crosses both
of the first and second active regions and connects gates
of a set of a driving transistor of the first conductive type
and a load transistor of the second conductive type.

9. A semiconductor memory device having a plurality of

SRAM cells each comprising:

a word transistor of a first conductive type, a drive tran-
sistor of the first conductivity type and a load transistor
of a second conductive type,

wherein a first active region in which a channel of the word
transistor and a channel of the drive transistor are
Jormed and a second active vegion in which a channel of
the load transistor is formed are arranged so that the
channel current direction of the word transistor, the
channel currvent divection of the drvive transistor and the
channel curvent direction of the load transistor ave in

parallel to each other in each of the SRAM cells, and
wherein two SRAM cells, among the plurality of SRAM

cells, which are adjacent to each other in one direction
which perpendicularly crosses the channel current
divection have a positional velation such that the two
SRAM cells arve deviated from each other in the channel
current divection.

10. The semiconductor memory device according to claim
9, wherein one of the two SRAM cells is between a first
adjacent SRAM cell and a second adjacent SRAM cell.

11. The semiconductor memory device according to claim
10, wherein the first and second adjacent SRAM cells and said
one of the two SRAM cells ave disposed along a divection that
is perpendicular to the channel current divection.

[2. The semiconductor memory device according to claim
10, wherein the first active region and the second active
region are in said one of the two SRAM cells, the first active
region and the second active vegion being isolated from active
regions in the first adjacent SRAM cell and active vegions in
the second adjacent SRAM cell.

13. The semiconductor memory device according to claim
10, wherein a local word line is a gate electrode of the word
transistor in said one of the two SRAM cells and a gate
electrode of another word transistor in the second adjacent
SRAM cell.

14. The semiconductor memory device according to claim
9, wherein a common gate line is a gate electrode of the drive
transistor and a gate electrode of the load transistor, the




US RE45,698 E
15

common gate line perpendicularly crossing the first active
region and the second active region.

13. The semiconductor memory device accorvding to claim
9, wherein gate electrodes of the word transistors in the two
SRAM cells are electrically connected to a common word 53
line.

16. The semiconductor memory device accorvding to claim
9, wherein the first conductivity type is n-type and the second

conductivity type is p-type.
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