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SEMICONDUCTOR MEMORY DEVICE HAVING 
PAIRS OF BIT LINES ARRANGED ON BOTH 

SIDES OF MEMORY CELLS 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a semiconductor 
memory device, and more particularly to a pattern layout of 
a bit line and a poWer supplying line or a grounded line in 
a memory cell array, for use in, for example, a SRAM (static 
random access memory). 

[0002] FIG. 5 shoWs a pattern layout of memory cells, bit 
line pairs, a poWer supplying line and a grounded line in a 
memory cell array of a conventional SRAM. 

[0003] In FIG. 5, memory cells MC are arranged in a 
matrix. AWord line WL for selecting a cell is connected in 
common to the memory cells on the same roW. Apair of bit 
lines BL and [BL for transmitting and receiving cell data are 
connected in common to the memory cells on the same 
column. The Word line WL and the pair of bit lines BL and 
[BL are arranged at right angles With each other. 

[0004] A poWer supplying line Vdd is connected in com 
mon to the memory cells of the same roW. A grounded line 
Vss is connected to the memory cells of the same roW. The 
poWer supplying line Vdd and the ground line Vss are made 
of a layer different from that of the bit line pairs BL and [BL 
and arranged in parallel With the Word line WL. 

[0005] Since the bit line pairs BL and [BL are required to 
be loW in resistance, they are generally made of metal, for 
example, aluminum. 

[0006] On the other hand, in the case of a large capacity 
memory, the poWer supplying line Vdd and the grounded 
line Vss are formed of a single-layer Wire made of poly 
crystalline silicon ?lm doped With an impurity, or a multi 
layer Wire made of a polycrystalline silicon ?lm and a 
silicide such as WSi or MoSi. 

[0007] In this case, in order to make the poWer supplying 
line Vdd and the grounded line Vss loW in resistance, 
thereby reducing the drop in potentials, the aforementioned 
single layer or the multi-layer Wire is generally backed With 
a metal Wire, such as aluminum. 

[0008] The poWer supplying line Vdd and the grounded 
line Vss may be made of metal, such as aluminum, like the 
bit line pairs BL and /BL. Further, the poWer supplying line 
Vdd and the grounded line Vss may make of the same layer 
as that of the Word line WL or another layer. 

[0009] The pattern layout of the SRAM as described 
above is advantageous in that the pattern area per memory 
cell (cell siZe) can be small, for the reason that the poWer 
supplying line Vdd and the grounded line Vss are made of 
a layer different from that of the bit line pairs BL and [BL. 

[0010] HoWever, for the same reason, the pattern layout of 
the aforementioned SRAM is disadvantageous in that a large 
number of manufacturing processes are required, resulting 
in an increased manufacturing cost. 

[0011] Further, if the siZe of a memory cell is reduced by 
re?nement of elements, the interval betWeen the bit lines BL 
and [BL connected to the memory cell, i.e., the interval 
betWeen the bit lines of the adjacent columns, is reduced. As 
a result, When a signal current ?oWs through the bit lines of 
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a column, the bit lines of the adjacent column may be 
in?uenced (a so-called coupling occurs), resulting in a 
problem such as a malfunction or destruction of data. 

[0012] As a method for suppressing a coupling noise, Jpn. 
Pat. KOKAI Appln. No. 61-206254 relating to “Semicon 
ductor Memory Device” discloses a technique for reducing 
crosstalk (coupling) by arranging the poWer supplying line 
Vdd betWeen bit lines BL and [BL of the adjacent columns 
along the bit lines and a grounded line GND. This technique 
is shoWn in FIG. 6. In FIG. 6, a reference symbol MC 
denotes a memory cell and WL a Word line. 

[0013] Jpn. Pat. KOKAI Appln. No. 4-366494 relating to 
“Semiconductor Memory Device” discloses a technique for 
preventing occurrence of a defect in data reading and Writing 
by arranging a poWer supplying line PL betWeen a digit line 
DL or /DL and a grounded line GL. This technique is shoWn 
in FIG. 7. In FIG. 7, a reference symbol MC denotes a 
memory cell and WL a Word line. 

[0014] These techniques, hoWever, are disadvantageous in 
that reduction in pattern area per memory cell is limited, 
since the bit line pairs BL and [BL (or digit line pairs DL and 
/DL), the poWer supplying line Vdd and the grounded line 
GND (or GL) are made of the same layer. 

[0015] Thus, the conventional semiconductor devices 
have a draWback in that reduction in pattern area per 
memory cell is limited, since the poWer supplying line and 
the grounded line are formed in the same layer along the bit 
lines to reduce the coupling betWeen the adjacent bit lines. 

BRIEF SUMMARY OF THE INVENTION 

[0016] The present invention solves the above draWbacks 
of the conventional art. An object of the present invention is 
to provide a semiconductor memory device, Which can 
reduce coupling betWeen the adjacent bit lines and relax the 
limitation in reduction of the pattern area per memory cell. 

[0017] According to the present invention, there is pro 
vided a semiconductor memory device comprising: a 
memory cell array in Which memory cells of a static type are 
arranged in a matrix; a plurality of pairs of bit lines extend 
ing in a column direction of the memory cell array, each of 
the pairs of bit lines being connected in common to memory 
cells on a same column of the memory cell array, and the bit 
lines of each of the pairs being arranged on both sides of the 
memory cells on the same column; a plurality of Word lines 
extending in a roW direction of the memory cell array and 
connected in common to memory cells on a same roW of the 

memory cell array; a grounded line, for supplying a ground 
potential to the memory cells, formed of a layer same as that 
of the pairs of bit lines and extending in the column 
direction; and a poWer supplying line, for supplying a poWer 
potential to the memory cells, formed of a layer different 
from that of the pairs of bit lines. 

[0018] Additional objects and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 
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BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0019] The accompanying drawings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
presently preferred embodiments of the invention, and 
together With the general description given above and the 
detailed description of the preferred embodiments given 
beloW, serve to eXplain the principles of the invention. 

[0020] FIG. 1 is a block diagram shoWing a semiconduc 
tor device according to an embodiment of the present 
invention; 
[0021] FIG. 2 is a circuit diagram shoWing an eXample of 
the memory cell shoWn in FIG. 1; 

[0022] FIG. 3 is a sectional vieW along line III-III‘ in FIG. 
1; 
[0023] FIG. 4 is a sectional vieW along line III-III‘ in FIG. 
1; 
[0024] FIG. 5 is a circuit diagram shoWing a conventional 
SRAM; 
[0025] FIG. 6 is a circuit diagram shoWing a conventional 
SRAM in Which occurrence of a coupling noise is pre 
vented; and 

[0026] FIG. 7 is a circuit diagram shoWing a conventional 
SRAM in Which occurrence of a defect in data reading and 
Writing is prevented. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0027] An embodiment of the present invention Will be 
described in detail With reference to the accompanying 
draWings. 
[0028] FIG. 1 shoWs an eXample of the pattern layout of 
a SRAM according to an embodiment of the semiconductor 
memory device of the present invention. 

[0029] 
matrix. 

In FIG. 1, memory cells MC are arranged in a 

[0030] Each memory cell MC comprises, as shoWn in 
FIG. 2, a pair of NMOS transistors N1 and N2 for a sensing 
purpose, a pair of PMOS transistors P1 and P2 serving as 
load elements, and a pair of NMOS transistors serving as 
transfer gates TG. 

[0031] AWord line WL for selecting a cell is connected in 
common to the gates of the pair of transistors serving as the 
transfer gates TG of the memory cells on the same roW. A 
pair of bit lines BL and /BL, for transmitting and receiving 
data, are connected in common to terminals of the transistors 
for the transfer gates TG of the memory cells on the same 
column. The Word line WL and the pair of bit lines BL and 
/BL are arranged at right angles With each other. 

[0032] A grounded line Vss is connected in common to the 
memory cells on the same roW. The line Vss is made of the 
same layer as that of the pair of bit lines BL and /BL, and 
arranged in the column direction betWeen the adjacent pairs 
of bit lines (BL, /BL) and (/BL, BL). 

[0033] NeXt, the arrangement of Word line WL, bit lines 
BL, /BL, ground line Vss, and poWer supplying line Vdd in 
this embodiment Will be described doWn beloW With refer 
ence to FIG. 3 and FIG. 4. 
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[0034] FIG. 3 is a sectional vieW along line III-III‘ shoWn 
in FIG. 1. A memory cell MC is provided in the substrate, 
and gate electrodes are disposed in layer A formed on the 
substrate. Apair of bit lines BL and /BL are formed in layer 
B provided on layer A, in the direction perpendicular to the 
section. Ground lines Vss are disposed on both sides of the 
pair of bit lines BL and /BL in the direction parallel thereto, 
and a poWer supplying line Vdd is provided in layer C 
formed on layer B, in the direction parallel to the section. 

[0035] FIG. 4 is a sectional vieW along line III-III‘ shoWn 
in FIG. 1. A memory cell MC is provided in the substrate. 
Word line WL is arranged in layer A in the direction 
perpendicular to the section, i.e., in the direction orthogonal 
to bit line BL (and bit line /BL not shoWn in FIG. 4). Bit line 
BL is disposed in layer B in the direction parallel to the 
section of FIG. 4. Further, poWer supplying line Vdd is 
provided in layer C in the direction perpendicular to the 
section of FIG. 4. 

[0036] As is clearly seen from FIGS. 3 and 4, ground line 
Vss and the pair of bit lines BL and /BL are provided in the 
same layer, While poWer supplying line Vdd is arranged in 
a different layer from the layer of the pair of bit lines BL and 
/BL. In the embodiment of the invention, poWer supplying 
line Vdd and the pair of bit lines BL and /BL are formed in 
adjacent layers, but the invention should not be limited to 
this arrangement. Other layers or a substrate may be inter 
posed betWeen the layers for the poWer supplying line and 
the bit lines in alternative embodiments of the present 
invention. 

[0037] A poWer supplying line Vdd is connected in com 
mon to the memory cells on the same roW. It is made of a 
layer different from that of the pair of bit lines BL and /BL 
(i.e., a layer upper or loWer than the pair of bit lines BL and 
/BL). In this embodiment, the poWer supplying line Vdd is 
arranged in parallel With the Word line WL. 

[0038] Since the bit line pair BL and /BL (and the 
grounded line Vss made of the same layer) are required to 
be loW in resistance, they are generally made of metal, for 
eXample, aluminum. 

[0039] The poWer supplying line Vdd may be made of 
metal such as aluminum like the bit line pair BL and /BL. 
OtherWise, in the case of a large capacity memory, the poWer 
supplying line Vdd may be formed of a single-layer Wire 
made of polycrystalline silicon ?lm doped With an impurity, 
or a multi-layer Wire made of a polycrystalline silicon ?lm 
and a silicide, such as WSi2, MoSi2, NiSi, TiSi2, CoSi2, or 
PtSi2, based on high melting-point metal. 

[0040] In order to make the poWer supplying line Vdd and 
the grounded line Vss loW in resistance, so that the potential 
drop can be reduced, the Word line shunt method may be 
employed to back the aforementioned single-layer or the 
multi-layer Wire With a metal Wire such as aluminum. 

[0041] The poWer supplying line Vdd may be made of the 
same layer as that of the Word line WL or another layer. 

[0042] With the pattern layout and the Wiring structure of 
the SRAM of the above embodiment, the grounded line Vss, 
made of the same layer as that of the pair of bit lines BL and 
/BL, is arranged in the column direction betWeen the adja 
cent pairs of bit lines (BL, /BL) and (/BL, BL). Therefore, 
the coupling betWeen the bit lines in the adjacent columns 
can be reduced. 
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[0043] Since the power supplying line Vdd is made of a 
different layer as that of the bit line pairs BL and /BL, the 
number of manufacturing steps is someWhat increased. 
However, the pattern layout of the memory cell is not 
restricted. As a result, the limitation in reduction of the 
pattern area per memory cell can be relaxed. 

[0044] Moreover, since the poWer supplying line Vdd is 
made of a different layer from that of the bit line pairs BL 
and /BL, the Width of the poWer supplying line Vdd can be 
Widened. For this reason, the resistance of the poWer sup 
plying line Vdd can be loWered. As a result, a voltage drop 
due to the Wire resistance (a change in voltage due to a 
change in current) of the poWer supplying line Vdd can be 
reduced. Consequently, the present invention provides an 
advantage that the operation margin of the memory cell can 
be increased. 

[0045] Particularly, in a case Where the poWer supplying 
line Vdd is arranged in parallel With the Word line WL or 
made of a layer different from that of the Word line WL, the 
Width of the poWer supplying line Vdd can be Widened 
easily. In this case, therefore, the above advantage is more 
remarkable. 

[0046] As has been described above, according to the 
present invention, coupling betWeen the adjacent bit lines 
can be reduced and the limitation in reduction of the pattern 
area per memory cell can be relaxed. 

[0047] In addition, the folloWing advantage can be 
obtained by arranging ground lines Vss parallel to bit lines 
BL, /BL. In general, each Word line WL is shared by a 
plurality of memory cells. When a Word line is selected in a 
read process, currents ?oW from all the memory cells 
sharing the Word line to a ground line. In a conventional 
layout Where bit lines are arranged orthogonal to a ground 
line, a current from all memory cell ?oWs into the same 
ground line. For instance, assuming that a cell current is 150 
pA and the number of the memory cells sharing the Word 
line is 32, the total amount of current ?oWing into the ground 
line Will be thirty-tWo times of 150 MA, i.e., 4.8 mA. In order 
to alloW such a great amount of current ?oW, it is necessary 
to employ a Wide ground line to secure a sufficient electro 
migration resistance. Further, in some cases, it may be 
necessary to embed a contact that is connected to the ground 
line. Those may require a large area for a memory cell and 
additional processing steps. An embodiment of the present 
invention having ground line Vss and bit lines BL, /BL 
arranged in parallel does not require such a Wide ground line 
or an embedded contact, since a current from only one 
memory cell ?oWs into the ground line at a time in the 
embodiment of the present invention (only one Word line 
can be selected at a time). Therefore, the present invention 
can reduce the siZe of a memory cell and the number 
processing steps. 
[0048] Additional advantages and modi?cations Will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the speci?c 
details and representative embodiments shoWn and 
described herein. Accordingly, various modi?cations may be 
made Without departing from the spirit or scope of the 
general inventive concept as de?ned by the appended claims 
and their equivalents. 

1. A semiconductor memory device comprising: 

a memory cell array in Which memory cells of a static type 
are arranged in a matrix; 
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a plurality of pairs of bit lines extending in a column 
direction of the memory cell array, each of said pairs of 
bit lines being connected in common to memory cells 
on a same column of the memory cell array, and the bit 
lines of each of said pairs being arranged on both sides 
of the memory cells on the same column; 

a plurality of Word lines extending in a roW direction of 
the memory cell array, each Word line being connected 
in common to memory cells on a same roW of the 

memory cell array; 

grounded lines, for supplying a ground potential to the 
memory cells, formed of a layer same as that of the 
pairs of bit lines and extending in the column direction; 
and 

poWer supplying lines, for supplying a poWer potential to 
the memory cells, formed of a layer different from that 
of the pairs of bit lines. 

2. The semiconductor memory device according to claim 
1, Wherein the poWer supplying lines are arranged in parallel 
With the Word lines. 

3. The semiconductor memory device according to claim 
1, Wherein the poWer supplying lines are formed in a layer 
different from that of the Word lines. 

4. The semiconductor memory device according to claim 
1, Wherein the pairs of bit lines and the grounded line are 
formed of metal. 

5. The semiconductor memory device according to claim 
4, Wherein the poWer supplying lines are made of the same 
metal material as the pairs of bit lines and the grounded 
lines. 

6. The semiconductor memory device according to claims 
1, Wherein the poWer supplying lines each are a multi-layer 
Wire of a polycide structure, in Which polycrystalline silicon 
and silicide based on a high melting-point metal are lami 
nated. 

7. The semiconductor memory device according to claim 
2, Wherein the poWer supplying lines are formed in a layer 
different from that of the Word lines. 

8. The semiconductor memory device according to claim 
2, Wherein the pairs of bit lines and the grounded line are 
formed of metal. 

9. The semiconductor memory device according to claim 
8, Wherein the poWer supplying lines are made of the same 
metal material as the pairs of bit lines and the grounded 
lines. 

10. The semiconductor memory device according to claim 
1, Wherein the poWer supplying lines each are a multi-layer 
Wire of a polycide structure, in Which polycrystalline silicon 
and silicide based on a high melting-point metal are lami 
nated. 

11. The semiconductor memory device according to claim 
3, Wherein the pairs of bit lines and the grounded line are 
formed of metal. 

12. The semiconductor memory device according to claim 
11, Wherein the poWer supplying lines are made of the same 
metal material as the pairs of bit lines and the grounded 
lines. 

13. The semiconductor memory device according to claim 
3, Wherein the poWer supplying lines each are a multi-layer 
Wire of a polycide structure, in Which polycrystalline silicon 
and silicide based on a high melting-point metal are lami 
nated. 
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14. The semiconductor memory device according to claim 
7, Wherein the pairs of bit lines and the grounded line are 
formed of metal. 

15. The semiconductor memory device according to claim 
7, Wherein the poWer supplying lines are made of the same 
metal material as the pairs of bit lines and the grounded 
lines. 

16. The semiconductor memory device according to claim 
7, Wherein the poWer supplying lines each are a multi-layer 
Wire of a polycide structure, in Which polycrystalline silicon 
and silicide based on a high melting-point metal are lami 
nated. 
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17. The semiconductor memory device according to claim 
14, Wherein the poWer supplying lines are made of the same 
metal material as the pairs of bit lines and the grounded 
lines. 

18. The semiconductor memory device according to claim 
14, Wherein the poWer supplying lines each are a multi-layer 
Wire of a polycide structure, in Which polycrystalline silicon 
and silicide based on a high melting-point metal are lami 
nated. 


