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(57) ABSTRACT 

A semiconductor memory device comprising ?rst and sec 
ond gate electrode layers in a ?rst conductive layer, ?rst and 
second drain-drain connecting layers in a second conductive 
layer, and ?rst and second drain-gate connecting layers in a 
third conductive layer. The ?rst and second drain-gate 
connecting layers are located higher than the ?rst and second 
gate electrode layers. Therefore, a source contact layer can 
be located in the region betWeen gate electrode layers While 
preventing a contact With the second drain-gate connecting 
layer. 
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SEMICONDUCTOR MEMORY DEVICE 

TECHNICAL FIELD 

[0001] The present invention relates to a semiconductor 
memory device such as a static random access memory 

(SRAM). 

BACKGROUND 

[0002] An SRAM, Which is one type of semiconductor 
memory device, does not need refreshing. Therefore, the 
SRAM enables the system con?guration to be simpli?ed and 
consumes only a small amount of electric poWer. Because of 
this, the SRAM is suitably used as a memory for portable 
devices such as portable telephones. 

[0003] There has been a demand for miniaturiZation of 
portable devices. To deal With this demand, the memory cell 
siZe of the SRAM must be reduced. 

SUMMARY 

[0004] An objective of certain embodiments of the present 
invention is to provide a semiconductor memory device 
having memory cells of a reduced siZe. 

[0005] According to one embodiment of the present inven 
tion, there is provided a semiconductor memory device 
comprising: 

[0006] a memory cell Which includes a ?rst driver 
transistor, a second driver transistor, a ?rst load 
transistor, a second load transistor, a ?rst transfer 
transistor, and a second transfer transistor, Wherein: 

[0007] the memory cell has ?rst and secondgate 
electrode layers, ?rst and second drain-drain con 
necting layers, ?rst and second drain-gate connecting 
layers, and a source contact layer; 

[0008] the ?rst gate electrode layer includes a gate 
electrode of the ?rst driver transistor and a gate 
electrode of the ?rst load transistor; 

[0009] the second gate electrode layer includes a gate 
electrode of the second driver transistor and a gate 
electrode of the second load transistor; 

[0010] a source region of the ?rst and second driver 
transistors is located in a region betWeen the ?rst and 
second gate electrode layers; 

[0011] the source contact layer is located in the 
region betWeen the ?rst and second gate electrode 
layers; 

[0012] the ?rst and second drain-drain connecting 
layers are located higher than the ?rst and second 
gate electrode layers; 

[0013] the ?rst and second gate electrode layers are 
located betWeen the ?rst and second drain-drain 
connecting layers; 

[0014] the ?rst drain-drain connecting layer connects 
a drain region of the ?rst driver transistor to a drain 
region of the ?rst load transistor; 

[0015] the second drain-drain connecting layer con 
nects a drain region of the second driver transistor to 
a drain region of the second load transistor; 
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[0016] the ?rst and second drain-gate connecting 
layers are located higher than the ?rst and second 
gate electrode layers; 

[0017] the ?rst and second drain-gate connecting 
layers are located in a different layer from the ?rst 
and second drain-drain connecting layers; 

[0018] the ?rst drain-gate connecting layer connects 
the ?rst drain-drain connecting layer to the second 
gate electrode layer; and 

[0019] the second drain-gate connecting layer con 
nects the second drain-drain connecting layer to the 
?rst gate electrode layer. 

[0020] The semiconductor memory device according to 
this embodiment of the present invention includes the gate 
electrode layers Which become gates of inverters, the drain 
drain connecting layers for connecting drains of the invert 
ers, and the drain-gate connecting layers for connecting the 
gate of one inverter to the drain of the other inverter. In this 
semiconductor memory device, a ?ip-?op is formed of three 
layers (gate electrode layer, drain-drain connecting layer, 
and drain-gate connecting layer). Therefore, the pattern of 
each layer can be simpli?ed (linear pattern, for example) in 
comparison With the case of forming a ?ip-?op of tWo 
layers. According to this semiconductor memory device, 
since the pattern of each layer can be thus simpli?ed, a 
semiconductor memory device With a memory cell siZe of 
4.5 pm2 or less can be fabricated, for example. 

[0021] According to this semiconductor memory device, 
the ?rst gate and second gate electrode layers are located 
betWeen the ?rst drain-drain connecting layer and the second 
drain-drain connecting layer. Therefore, the source contact 
layer of the driver transistors can be disposed at the center 
of the memory cell. Moreover, a Wiring layer Which is 
formed in the same layer as the drain-drain connecting layer 
and to Which the source contact layer is connected can be 
disposed at the center of the memory cell. This increases the 
degree of freedom relating to the formation of the ?rst and 
second drain-gate connecting layers, Whereby the memory 
cell siZe can be reduced. In the present invention, the source 
contact layer is a conductive layer used to connect the source 
region of the driver transistor to the Wiring layer. 

[0022] According to this semiconductor memory device, 
the drain-gate connecting layers are located higher than the 
gate electrode layers and the drain-drain connecting layers. 
Therefore, the source contact layer can be located in the 
region betWeen gate electrode layers (or region betWeen the 
?rst gate electrode layer and second gate electrode layer) 
While preventing the drain-gate connecting layer from com 
ing in contact With the source contact layer. Therefore, 
parasitic resistance of the driver transistors can be decreased. 
Moreover, the pattern of the source region can be simpli?ed 
(for example, a pattern With a uniform Width such as an 
approximately linear pattern or rectangular pattern), 
Whereby reproducibility of the pattern of the source region 
can be improved in a photolithography process. This 
increases dimensional accuracy of the channel Width of the 
driver transistors, Whereby the operation of the memory cell 
can be stabiliZed. 

[0023] In this semiconductor memory device, the Width of 
the source region may be approximately uniform. 
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[0024] The source contact layer may be located in the 
source region. 

[0025] This semiconductor memory device may further 
comprise a Word line, Wherein: the Word line is located on 
the side of the ?rst and second driver transistors; the Word 
line includes gate electrodes of the ?rst and second transfer 
transistors; and the Word line has a linear pattern. 

[0026] According to this con?guration, since the pattern of 
the Word line is linear, the length of the Word line can be 
decreased in comparison With a Word line having a partly 
curved pattern. Therefore, according to this con?guration, 
the resistance of the Word line can be decreased. The Width 
of a Word line having a partly curved pattern tends to be 
decreased at the curved section. This causes the narroW line 
effect of silicide to occur in a salicide of the Word line, 
Whereby the resistance of the Word line locally increases. 
According to this con?guration, since the pattern of the Word 
line is linear and does not have a curved section, occurrence 
of the narroW line effect of silicide caused by the curved 
section can be prevented, thereby preventing a local increase 
in the resistance of the Word line due to the narroW line effect 
of silicide. 

[0027] This semiconductor memory device may further 
comprise: 

[0028] another memory cell Which includes a third 
transfer transistor and a fourth transfer transistor; 

[0029] ?rst and second bit lines; 

[0030] another Word line; and 

[0031] a Well contact region, Wherein: 

[0032] the other memory cell is located adjacent to 
the memory cell; 

[0033] the ?rst and third transfer transistors use in 
common a ?rst source/drain region to Which the ?rst 
bit line is connected; 

[0034] the second and fourth transfer transistors use 
in common a second source/drain region to Which 
the second bit line is connected; 

[0035] the other Word line includes gate electrodes of 
the third and fourth transfer transistors; 

[0036] 
[0037] the Well contact region is located betWeen the 
Word line and the other Word line; and 

[0038] the memory cell and the other memory cell 
uses in common the Well contact region. 

the other Word line has a linear pattern; 

[0039] According to this con?guration, since the above 
Word line and the other Word line have a linear pattern, the 
Well contact region can be located betWeen the above Word 
line and the other Word line Without increasing the memory 
cell area. Therefore, the siZe of the semiconductor memory 
device can be reduced. 

[0040] According to this con?guration, occurrence of 
latchup in the semiconductor memory device can be pre 
vented. The reasons therefor are described beloW. Generally, 
When drain current ?oWs by operating a transistor, substrate 
current (current from end section of drain to Well contact 
region) ?oWs. In particular, a large amount of substrate 
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current ?oWs in a driver transistor of Which a Word line is 
selected. An increase in the electric potential equivalent to 
the product of the substrate current and substrate resistance 
(Well resistance) causes latchup to occur. According to this 
con?guration, hoWever, the Well contact region can be 
disposed in the memory cell as Well as in the Well in Which 
the driver transistors and the transfer transistors are formed. 
Moreover, the Well contact region can be disposed in every 
memory cell in the direction of the Word line. Therefore, the 
driver transistors and the Well contact region can be located 
close together, Whereby the substrate resistance can be 
decreased. Because of this, according to this con?guration, 
occurrence of latchup can be prevented. In addition, the Well 
contact region is preferably p-type. 

[0041] In this semiconductor memory device, the Word 
line may be located betWeen the source region and the Well 
contact region. 

[0042] This semiconductor memory device may further 
comprise a contact pad layer, Wherein: 

[0043] the contact pad layer is used to connect the 
Well contact region and the source region of the ?rst 
and second driver transistors to a ground line; and 

[0044] the contact pad layer is located in the same 
layer as the ?rst and second drain-drain connecting 
layers. 

[0045] According to this con?guration, since a plurality of 
contacts can be disposed from the contact pad layer to the 
ground line, the parasitic resistance of the source region can 
be reduced. According to this con?guration, the ?rst and 
second gate electrode layers are located betWeen the ?rst 
drain-drain connecting layer and the second drain-drain 
connecting layer, and the contact pad layer is located 
betWeen the ?rst gate electrode layer and the second gate 
electrode layer. The contact pad layer and each gate elec 
trode layer have a relation in Which one is the upper layer 
and the other is the loWer layer. Therefore, the contact pad 
layer can be disposed in the same layer as the drain-drain 
connecting layers Without increasing the memory cell siZe. 
According to this con?guration, the memory cell and the 
other memory cell can use in common the contact pad layer 
having a linear pattern. 

[0046] 
[0047] the ?rst and second driver transistors may be 

n-type; 

[0048] the ?rst and second load transistors may be 
p'type; 

[0049] the ?rst and second transfer transistors may be 
n-type; 

[0050] the memory cell may include ?rst, second, 
third and fourth conductive layers; 

[0051] the ?rst and second gate electrode layers and 
a subWord line may be located in the ?rst conductive 
layer; 

[0052] the ?rst and second drain-drain connecting 
layers, a poWer supply line, and ?rst, second and 
third contact pad layers may be located in the second 
conductive layer; 

In this semiconductor memory device, 
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[0053] the ?rst and second drain-gate connecting 
layers, a main-Word line, and fourth, ?fth and sixth 
contact pad layers may be located in the third con 
ductive layer; 

[0054] ?rst and second bit lines and a ground line 
may be located in the fourth conductive layer; 

[0055] the sub-Word line may eXtend in a ?rst direc 
tion; 

[0056] the poWer supply line may be connected to 
source regions of the ?rst and second load transis 
tors; 

[0057] the ?rst contact pad layer may be used to 
connect the ?rst bit line to a source/drain region of 
the ?rst transfer transistor; 

[0058] the second contact pad layer may be used to 
connect the second bit line to a source/drain region 
of the second transfer transistor; 

[0059] the third contact pad layer may be used to 
connect the source region of the ?rst and second 
driver transistors to the ground line; 

[0060] the main-Word line may eXtend in the ?rst 
direction; 

[0061] the fourth contact pad layer may be used to 
connect the ?rst bit line to the source/drain region of 
the ?rst transfer transistor; 

[0062] the ?fth contact pad layer may be used to 
connect the second bit line to the source/drain region 
of the second transfer transistor; 

[0063] the siXth contact pad layer may be used to 
connect the source region of the ?rst and second 
driver transistors to the ground line; and 

[0064] the ?rst and second bit lines may eXtend in a 
second direction Which is perpendicular to the ?rst 
direction. 

[0065] According to this con?guration, various properties 
(such as miniaturiZation, reliability, stability, and speed) 
required for semiconductor memory devices can be Well 
balanced and improved. 

[0066] This semiconductor memory device may further 
comprise a plurality of the memory cells, a plurality of Well 
contact regions of a primary conductivity type, and a plu 
rality of Well contact regions of a secondary conductivity 
type; 

[0067] Wherein each of the Well contact regions of the 
primary conductivity type may be provided for a 
group of a predetermined number of memory cells 
arrayed in a ?rst direction among the plurality of the 
memory cells; and 

[0068] Wherein each of the Well contact regions of the 
secondary conductivity type may be provided for a 
group of tWo of the memory cells arrayed in a second 
direction Which is perpendicular to the ?rst direction. 

[0069] In this con?guration, the Well contact region of the 
secondary conductivity type can be provided for every tWo 
memory cells arrayed in the second direction. This is 
because the source contact layer can be located in the region 
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betWeen gate electrode layers as described above, thereby 
creating an areal margin near the boundary betWeen the 
adjoining memory cells. Note that the predetermined num 
ber of memory cells may be 32 or 64, for eXample. 

[0070] In this con?guration, the primary conductivity type 
may be n-type and the secondary conductivity type may be 
p-type. According to this con?guration, the Well contact 
region of the Well on Which an n-type transistor is formed 
becomes p-type, and the Well contact region of the Well on 
Which a p-type transistor is formed becomes n-type. This 
improves the latchup prevention effect. The reasons therefor 
are described beloW. 

[0071] An increase in the electric potential equivalent to 
the product of the substrate current and the substrate resis 
tance (Well resistance) causes latchup to occur. Generally, 
the amount of the substrate current is greater in the n-type 
transistor than in the p-type transistor. For eXample, When 
the substrate current in the n-type transistor is 1x10“6 A/pm, 
the substrate current in the p-type transistor can be 1x10“9 
A/pm, Which is three digits smaller. The substrate resistance 
(Well resistance) increases as the distance betWeen the 
memory cell and the Well contact region increases. 

[0072] In this con?guration, since the p-type Well contact 
region is disposed in every tWo memory cells, the memory 
cell is located relatively close to the Well contact region. 
Therefore, the substrate resistance (Well resistance) can be 
relatively reduced. This ensures that the substrate resistance 
(Well resistance) is relatively small even if the substrate 
current in the n-type transistor is relatively large, thereby 
preventing the product of the substrate current and the 
substrate resistance (Well resistance) from increasing. 

[0073] Since each n-type Well contact region is provided 
for a group of a predetermined number (32, for example) of 
memory cells, some memory cells are located at a relatively 
long distance from the Well contact region. Therefore, the 
substrate resistance (Well resistance) relatively increases. 
HoWever, since the substrate current in the p-type transistor 
is relatively small, the product of the substrate current and 
the substrate resistance (Well resistance) can be prevented 
from increasing even if the substrate resistance (Well resis 
tance) is relatively large. These are reasons for improvement 
in the latchup prevention effect. 

[0074] According to this con?guration, the p-type Well 
contact region can be connected to the ground line in the 
memory cell. This eliminates the need for a ground line used 
only for the p-type Well contact region, Whereby the siZe of 
the semiconductor memory device can be reduced. 

[0075] In this semiconductor memory device, each of the 
?rst and second gate electrode layers and the ?rst and second 
drain-drain connecting layers may have a linear pattern; and 
the ?rst and second gate electrode layers and the ?rst and 
second drain-drain connecting layers may be parallel to each 
other. 

[0076] According to this con?guration, since the pattern of 
each layer is simple, a semiconductor memory device With 
a minute memory cell siZe can be fabricated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0077] FIG. 1 is a plan vieW shoWing ?rst, second and 
third conductive layers in part of a memory cell array of the 
embodiment of the present invention. 
















