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INTEGRATED CIRCUIT SRAM CELL 
LAYOUTS 

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

FIELD OF THE INVENTION 

The present invention relates to semiconductor devices, 
and more particularly to SRAM cells. 

BACKGROUND OF THE INVENTION 

Integrated circuit Static Random Access Memory 
(SRAM) devices are Widely used in electronic systems. 
Since an SRAM cell generally comprises six transistors, the 
SRAM cell generally requires more area than a DRAM cell 
Which generally only includes one transistor and one capaci 
tor. Thus, in the SRAM cell, the pitch of the cells should be 
minimized so as to increase the integration of the devices in 
an integrated circuit. HoWever, in order to increase the 
integration of the cells, the cell pattern and the SRAM 
manufacturing process may become complicated. 
An integrated circuit SRAM cell layout Was published at 

the International Electron Devices Meeting (IEDM) in 1985. 
This SRAM Will be brie?y described With reference to FIG. 
1. According to the SRAM published at the IEDM in 1985, 
three polysilicon layers (one for forming a gate electrode 
and the remaining tWo for interconnection layers) and one 
metal layer are used to form an SRAM cell With an area of 
9.9><14.3 pmz. As shoWn in FIG. 1, the active region pattern 
10 and the pattern 12 of the polysilicon layer used for 
forming the gate electrode are complicated. Also, the design 
uses a Vss contact betWeen a node contact and a bit-line 

contact so as to reduce the cell size. Unfortunately, com 
pared With the conventional Vss contact Which is formed 
parallel to the node contact, the shape of active region 10 is 
further complicated. 
As is knoWn, When patterning the SRAM using 

lithography, patterns such as the gate electrode and active 
layer are effected by nonlinearities, distortions and other 
effects. Thus, as shoWn in FIG. 2, the edges of the pattern 
formed on the substrate become rounded. As shoWn in FIG. 
2, due to this rounding, the overlapping portion 24 betWeen 
the polysilicon layer 22 for forming the gate electrode and 
the active region 20 is reduced, so that the channel length of 
the transistor formed in overlapping portion 24 is shortened, 
compared With FIG. 1. As a result the leakage current of the 
transistor may increase. 

FIG. 4 is a plane vieW of the conventional SRAM 
published at the IEDM. As shoWn in FIG. 4, a polysilicon 
layer 36 for forming the gate is formed close to the neigh 
boring node contacts A and B. Thus, due to misalignment in 
the lithography process, a short may occur betWeen the node 
so contacts A and B and the neighboring polysilicon layer 
36. Reference numeral 38 represents a part of the bit-line 
and reference numeral 39 represents an active region. Also, 
GND represents a ground line, Vcc represents a poWer 
supply line, and IL represents a connection line betWeen the 
contacts. 

In order to solve the above problems, an SRAM Was 
published at the ISSCC (International Solid State Circuits 
Conference) in 1992. The SRAM published by the ISSCC 
has a cell area of 8.5><12.8 pm2 and includes one polysilicon 
layer and tWo metal layers. One of the metal layers deter 
mines the overall layout size of the SRAM. As shoWn in 
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2 
FIG. 3, the metal layer forms a Word-line 32 and a Vcc line 
30 in the horizontal direction and a connection line 34 
betWeen the contacts in the vertical direction. The cell size 
is determined by the size of each line and the space betWeen 
the lines. Since the SRAM cell published by the ISSCC in 
1992 uses three layers, Which is one less than the SRAM 
published at the IEDM in 1985, this layout is also relatively 
simple to fabricate. 

Notwithstanding the above improvements, the state of the 
art continues to desire much smaller SRAM cell layouts for 
high density integration. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
integrated circuit SRAM cells having compact cell layouts. 

It is another object of the present invention to provide 
integrated circuit SRAM cell layouts Which can employ a 
reduced number of conductive interconnection patterns. 

These and other objects are provided, according to the 
present invention, by integrated circuit SRAM cells Which 
include a semiconductor substrate having a ?eld region and 
?rst, second third and fourth active regions therein. The ?rst 
and second active regions each include a horizontal leg and 
a vertical leg and are mirror images of each other about a 
vertical axis. The third and fourth active regions each also 
include a horizontal leg and a vertical leg and are mirror 
images of each other about a vertical axis. It Will be 
understood that as used herein, the terms “horizontal” and 
“vertical” (or “longitudinal”) denote orthogonal axes, and 
should not be limited to a ?xed orientation. 

The integrated circuit SRAM cells also include ?rst and 
second vertically extending gate conductive layers on the 
semiconductor substrate. The ?rst vertically extending con 
ductive layer extends vertically over the ?rst active region 
horizontal leg and extends vertically over the third active 
region horizontal leg. The second vertically extending con 
ductive layer extends vertically over the second active 
region horizontal leg and extends vertically over the fourth 
active region horizontal leg. Accordingly, the gate conduc 
tive layers are formed perpendicular to the horizontal legs of 
the active regions, so that the process alignment margin is 
large in the longitudinal direction of the active regions. A 
high integration density may thereby be produced. 

According to other aspects of the invention, the ?rst 
vertically extending gate conductive layer also extends 
horizontally to the end of the second active region horizontal 
leg. The second vertically extending gate conductive layer 
also extends horizontally to the vertex of the third active 
region horizontal and vertical legs. The integrated circuit 
SRAM cell also includes a horizontally extending Word line 
The Word line and the ?rst and second vertically extending 
gate conductive layers are all formed from a single conduc 
tive layer, such as a single polysilicon layer. 

Integrated circuit SRAM cells according to the invention 
also include ?rst and second vertically extending intercon 
nection lines. The ?rst vertically extending interconnection 
line connects the end of the ?rst active region horizontal leg 
to the vertex of the third active region horizontal and vertical 
legs. The second vertically extending interconnection line 
connects the end of the second active region horizontal leg 
With the vertex of the fourth active region horizontal and 
vertical legs. A U-shaped Vss line also connects the end of 
the third active region horizontal leg to the end of the fourth 
active region horizontal leg. The U-shaped Vss line includes 
tWo vertically extending legs, a respective one of Which 
extends from a respective end of the third active region 
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horizontal leg and a respective end of the fourth active 
region horizontal leg. The horizontally extending base 
region connects the tWo vertically extending legs. 
Preferably, the ?rst and second vertically extending inter 
connection lines and the U-shaped Vss line are all formed 
from a single conductive layer, preferably a single polysili 
con layer. 

Integrated circuit SRAM cells according to the invention 
also include ?rst and second vertically extending bit lines 
and second vertically extending Vcc lines. The ?rst verti 
cally extending Vcc line is connected to the end of the ?rst 
active region vertical leg. The second vertically extending 
Vcc line is connected to the end of the second active region 
vertical leg. The ?rst vertically extending bit line is con 
nected to the vertical leg of the third active region, and the 
second vertically extending bit line is connected to the 
vertical leg of the fourth active region. The ?rst and second 
vertically extending bit lines and the ?rst and second verti 
cally extending Vcc lines are preferably all formed from a 
single conductive layer Which is preferably a single metal 
layer. 

Accordingly, cells With simple layouts can be fabricated 
using tWo polysilicon layers and one metal layer. Also, the 
gate conductive layers are formed vertically With respect to 
the horizontal regions of each active region, thereby increas 
ing the lithography misalignment margin in the horizontal 
direction. As a result, the interval betWeen lines can be 
reduced, thereby increasing the integration density of the 
SRAM cell. 

Integrated circuit SRAM cells according to the invention 
may also be described by their unique patterns of conductive 
layers. The conductive patterns include ?rst and second 
Y-shaped gate conductors on a semiconductor substrate. The 
Y-shaped gate conductors are nested Within one another. 
Y-shaped gate conductors include vertically extending 
spaced apart main body portions, horizontal arm portions, a 
respective one of Which extends from one of the main body 
portions toWards the other of the main body portions, and 
vertical arm portions, a respective one of Which extends 
from the end of the respective horizontal arm portion aWay 
from the other horizontal arm portion. The conductive 
pattern also includes a horizontally extending Word line in 
the semiconductor substrate. The ?rst and second Y-shaped 
conductors and the horizontally extending Word line are 
preferably all formed from a ?rst conductive layer. 

The conductive patterns also preferably include ?rst and 
second vertically extending interconnection lines, located 
betWeen the vertically extending spaced apart main body 
portions of the Y-shaped gate conductors, and the horizon 
tally extending Vss conductor Which overlies the horizon 
tally extending Word line. The ?rst and second vertically 
extending interconnection lines and the horizontally extend 
ing Vss conductor are preferably all formed from a second 
conductive layer. 

Finally, the conductive patterns may also include ?rst and 
second vertically extending bit lines, a respective one of 
Which overlies a respective one of the vertically extending 
interconnection lines, and ?rst and second vertically extend 
ing Vcc lines, located outside of the ?rst and second 
vertically extending bit lines. Preferably, the ?rst and second 
bit lines and the ?rst and second Vcc lines are all formed 
from a third conductive layer. Also preferably, the ?rst and 
second conductive layers are ?rst and second polysilicon 
layers, and the third conductive layer is a metal layer. 
Accordingly, a compact, three-level interconnection pattern 
for an SRAM cell is thereby provided. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 to 3 are schematic diagrams of a conventional 
SRAM cell; 

FIG. 4 is a plane vieW of a conventional SRAM cell; 

FIGS. 5 and 6 are schematic diagrams of the active region 
of an SRAM cell according to the present invention; 

FIG. 7 is a plane vieW of an SRAM cell according to a ?rst 
preferred embodiment of the present invention; 

FIGS. 8 to 13 are plane vieWs shoWing fabrication steps 
for an SRAM cell according to the ?rst preferred embodi 
ment of the present invention; 

FIG. 14 is a plane vieW of an SRAM according to a 
second preferred embodiment of the present invention; and 

FIGS. 15 to 20 are plane vieWs shoWing fabrication steps 
for an SRAM cell according to the second preferred embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The present invention noW Will be described more fully 
hereinafter With reference to the accompanying draWings, in 
Which preferred embodiments of the invention are shoWn. 
This invention may, hoWever, be embodied in many different 
forms and should not be construed as limited to the embodi 
ments set forth herein; rather, these embodiments are pro 
vided so that this disclosure Will be thorough and complete 
and Wilt fully convey the scope of the invention to those 
skilled in the art. In the draWings, the thickness of layers and 
regions are exaggerated for clarity. Like numbers refer to 
like elements throughout. Moreover, the terms “?rst con 
ductivity type” and “second conductivity type” refer to 
opposite conductivity types such as P- or N-type, hoWever, 
each embodiment described and illustrated herein includes 
its complementary embodiment as Well. 

SRAM cells according to the invention include gate 
conductive layers, interconnection lines, a Word-line, bit 
lines, a Vss line and Vcc lines on a semiconductor substrate 
Which is divided into ?eld and active regions. The active 
regions include ?rst, second, third and fourth active regions. 
The active regions are L-shaped, and pairs of active regions 
are mirror images. Vertically extending gate conductive 
layers extend orthogonal to the horizontal regions of the 
active regions. 

Preferably, the gate conductive layers include ?rst and 
second gate conductive layers, Which are simultaneously 
formed With the Word-line using a single material layer. The 
material layer is preferably a ?rst polysilicon layer. The 
interconnection lines and Vss line are simultaneously 
formed from a second polysilicon layer. Also, the bit-lines 
and Vcc lines are simultaneously formed from a metal layer. 

Pull-up transistors are formed at the center of the hori 
zontal regions of the ?rst and second active regions, and 
P-type nodes are formed at the ends of the horizontal 
regions, in Which contacts are formed. Also, Vcc contacts 
are formed at the ends of the vertical regions of the ?rst and 
second active regions. 

Pull-doWn transistors are fabricated at the center of the 
horizontal regions of the third and fourth active regions. 
N-type nodes are formed in the vertex regions Where the 
horizontal and vertical regions join each other, and contacts 
are formed in the nodes. Also, Vss contacts are formed at the 
ends of the horizontal regions. Pass transistors are formed in 
the vertical regions of the third and fourth active regions, 
and a Word-line is formed across the pass transistors. 
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The vertically extending gate conductive layers are 
formed perpendicular to the horizontal regions of the active 
regions, so that the process margin With respect to misalign 
ment may become large in the longitudinal direction of the 
active regions. Also, the gate conductive layer becomes the 
gate electrodes of the pull-up, pull-doWn and pass transis 
tors. 

According to the present invention, cells With a simple 
layout can be constructed using tWo polysilicon layers and 
one metal layer. Also, the gate conductive layers are formed 
vertically With respect to the horiZontal regions of each 
active region, thereby increasing the misalignment margin in 
the horiZontal direction. As a result, the interval betWeen 
lines (pitch) can be reduce thereby increasing the integration 
density of the SRAM cells. 

The difference betWeen a conventional SRAM cell and 
SRAM cells of the present invention Will be described With 
reference to FIGS. 5 and 6. FIG. 5 schematically shoWs an 
active region 40 and a gate conductive layer 42 of an SRAM 
cell according to the present invention. Active region 40 has 
a horiZontal region H and a vertical region V Which cross at 
a right angle. Gate conductive layer 42 is formed on, and 
perpendicular to, horiZontal region H of active region 40. 
The misalignment margin is relatively small in horiZontal 
region H of active region 40 and relatively large in vertical 
region V thereof, so that high density integration of the cell 
can be achieved. Also, as shoWn in FIG. 6, an active region 
40a and a gate conductive layer 42a formed on the semi 
conductor substrate after the lithography process is not 
in?uenced by nonlinearities, distortions, or other effects, 
compared With the intended layout of FIG. 5. 
An SRAM according to a ?rst preferred embodiment of 

the present invention Will noW be described in detail. FIG. 
7 is a plane vieW of an SRAM cell according to a ?rst 
preferred embodiment of the present invention. The SRAM 
cell comprises four active regions 50a, 50b, 50c and 50d, a 
?eld region 52, ?rst and second gate conductive layers 54a 
and 54b Which connect the four active regions to each other, 
a Word-line 56, bit-lines 72, ?rst and second interconnection 
lines 66a and 66b. Vcc lines 74 and a Vss line 68. 

In detail, four active regions 50a, 50b, 50c and 50d are 
symmetrically arranged in the upper and loWer portions of 
the cell. Here, ?rst active region 50a, having an L-like shape, 
formed at the left of an N Well on the semiconductor 
substrate. Second active region 50b, Which is the mirror 
image of ?rst active region 50a, is formed at the right of the 
N Well, at a predetermined interval. The ?rst and second 
active regions each include a horiZontal leg and a vertical 
leg. Third active region 50c, having a shape obtained by 
rotating L-like shape in a 180-degree arc, is formed at the 
left of a P Well and fourth active region 50d Which is the 
mirror image of third active region 50c is formed at the right 
of the P Well. The third and fourth active regions each 
include a horiZontal leg and a vertical leg. Pull-doWn tran 
sistors are formed in the horiZontal regions of the third and 
fourth active regions 50c and 50d, and pass transistors are 
formed in the vertical regions thereof. 

First and second vertically extending gate conductive 
layers 54a and 54b function as a gate electrode of the 
transistors formed in ?rst second, third and fourth active 
regions 50a, 50b, 50c and 50d and as a line for connecting 
each transistor formed in ?rst, second, third and fourth 
active regions 50a, 50b, 50c and 50d. First gate conductive 
layer 54a extends vertically over the horiZontal regions of 
?rst and third active regions 50a and 50c, and extends 
horiZontally to connect With the end of the horiZontal region 
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6 
of second active region 50b. Second gate conductive layer 
54b extends vertically over the horiZontal regions of second 
and fourth active regions 50b and 50d, and extends hori 
Zontally to the vertex of the third active region horiZontal 
and vertical legs. Word-line 56 is simultaneously formed 
With the ?rst and second gate conductive layers 54a and 54b. 
Word-line 56 extends horiZontally across the vertical regions 
of third and fourth active regions 50c and 50d. 

First vertically extending interconnection line 66a con 
nects contacts 58a and 60a Which are formed in ?rst and 
third active regions 50a and 50c. In other Words, the ?rst 
vertically extending interconnection line connects the end of 
the ?rst active region horiZontal leg to the vertex of the third 
active region horiZontal and vertical legs. Second vertically 
extending interconnection line 66b connects contacts 58b 
and 60b Which are formed in second and fourth active 
regions 50b and 50d. In other Words, the second vertically 
extending interconnection line connects the end of the 
second active region horiZontal leg With the vertex of the 
fourth active region horiZontal and vertical legs. 

U-shaped Vss line 68 connects Vss contacts 62a and 62b 
formed on both sides of third and fourth active regions 50c 
and 50d. In other Words. Vss line 68 connects the end of the 
third active region horiZontal leg to the end of the fourth 
active region horiZontal leg. The Vss line includes tWo 
vertically extending legs, a respective one of Which extends 
from a respective end of said third active region horiZontal 
leg and said fourth active region horiZontal leg, and a 
horiZontally extending base region Which connects the tWo 
vertically extending legs. 

Vertically extending bit-lines 72 are formed together With 
vertically extending Vcc lines 74. Bit-lines 72 cross the 
center of the semiconductor device in the longitudinal 
direction and connects to bit-line contacts 70. Vcc lines 74 
are formed on the left and right sides of the cell in the 
longitudinal direction. In other Words, the ?rst Vcc line is 
connected to the end of the ?rst active region vertical leg and 
the second Vcc line is connected to the end of the second 
active region vertical leg. The ?rst vertically extending bit 
line is connected to the vertical leg of the third active region, 
and the second vertically extending bit line is connected to 
the vertical leg of the fourth active region. 
An SRAM of a ?rst preferred embodiment of the present 

invention, Which has the above structure, Will be described 
in detail according to its fabrication steps. FIGS. 8 to 13 are 
plane vieWs shoWing an SRAM cell according to a ?rst 
preferred embodiment of the present invention, during inter 
mediate fabrication steps. Here, the diagram represented by 
(a) in each ?gure shoWs the lines formed only at the 
corresponding step, and the diagram represented by (b) in 
each ?gure also shoWs all lines formed during the previous 
steps. 

FIG. 8 shoWs a semiconductor substrate having an N Well 
78 and a P Well 80. N Well 78 and P Well 80 are formed in 
the upper and loWer portions of the semiconductor substrate, 
respectively. Also, reference numeral 82 represents a ?eld 
region. 

FIG. 9 shoWs active regions 84a, 84b, 84c and 84d. In 
detail, third active region 84c of N-type impurities to form 
an NMOS transistor in P Well 80, having a shape obtained 
by rotating L-like shape in a 180-degree arc, is formed at the 
left of P Well 80. Third active region 84c comprises a ?rst 
pull-doWn transistor formation region T3 formed in the 
horiZontal region of P Well 80, a ?rst pass transistor forma 
tion region T5 formed in the vertical region of P Well 80, a 
?rst N-type node N1 formed in the vertex region, Where ?rst 
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pull-doWn transistor formation region T3 and ?rst pass 
transistor formation region T5 join each other, and a ?rst Vss 
contact region S1 formed at the left end of ?rst pull-doWn 
transistor formation region T3. Fourth active region 84d 
having a mirror image of third active region 84c, is formed 
in the right of P Well 80. Fourth active region 84d comprises 
a second pull-doWn transistor formation region T4 formed in 
the horizontal region of the P Well, a second pass transistor 
formation region T6 formed in the vertical region of the cell, 
a second N-type node N2 formed in the vertex region, Where 
second pull-doWn transistor formation region T4 and second 
pass transistor formation region T6 join each other, and a 
second Vss contact region S2 formed at the right end of 
second pull-doWn transistor formation region T4. Third and 
fourth active regions 84c and 84d arc separated from each 
other by a predetermined distance. 

First active region 84a of P-type impurities forms a 
PMOS transistor, having an L-like shape, at the left side of 
N Well 78. First active region 84a includes a ?rst pull-up 
transistor formation region Ti, formed in the horiZontal 
region of N Well 78, a ?rst Vcc contact region C1 formed in 
the vertical region of N Well 78 and a ?rst P-type node P1 
formed to the right of ?rst pull-up transistor T1. Second 
active region 84b, Which is symmetrical With respect to ?rst 
active region 84a of N Well 78, is formed at the right of N 
Well 78. Second active region 84b comprises a second 
pull-up transistor formation region T2 formed in the hori 
Zontal region of N Well 78, a second Vcc contact region C2 
formed in the vertical region of N Well 78, and a second 
P-type node P2 formed to the left of second pull-up tran 
sistor formation region T2. First and second active regions 
84a and 84b, Which are respectively formed at the left and 
right of N Well 78, are separated from each other by a 
predetermined distance. 

FIG. 10 shoWs gate conductive layers 86a and 86b, and a 
Word-line 87. In detail, as shoWn in (a) of FIG. 10, Word-line 
87 is formed in the loWer region of P Well 80. Also, 
Word-line S7 is formed across ?rst and second pass transis 
tor formation regions T5 and T6, as shoWn in (b) of FIG. 10. 
Gate conductive layers 86a and 86b for forming a bulk 
transistor are formed in the upper region of the cell, a 
predetermined distance from Word-line 87. First gate con 
ductive layer 86a is formed at the left of the semiconductor 
substrate With Y-like shape, perpendicular to ?rst pull-doWn 
transistor ?otation region T3 of third active region 84c into 
Which N-type impurities are injected, and also extends 
perpendicular to ?rst pull-up transistor region T1 of ?rst 
active region 84a into Which P-type impurities are injected. 
Layer 86a is also connected to second P-type node P2. 
Second gate conductive layer 86b has a shape Which is 
obtained by rotating ?rst gate conductive layer 86a in a 
180-degree arc With respect to the center of the semicon 
ductor substrate in the clockWise direction, and is formed to 
the right of the semiconductor substrate. Second gate con 
ductive layer 86b is connected to ?rst N-type node N1 and 
extends perpendicular to second pull-doWn transistor for 
mation region T4, and also extends perpendicular second 
pass transistor formation region T2. Stated in other Words, 
the ?rst and second Y-shaped gate conductors are nested 
Within one another, and includes a vertically extending 
spaced apart main body portions, horiZontal arm portions, a 
respective one of Which extends from one of the main body 
portions toWards the other of the main body portions, and 
vertical arm portions, a respective one of Which extends 
from the end of the respective horiZontal arm portion aWay 
from the other horiZontal arm portion. First and second gate 
conductive layers 86a and 86b are formed from a ?rst 
polysilicon layer. 
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8 
FIG. 11 shoWs contacts. In detail, referring to (a) of FIG. 

11, ?rst and second contacts P3 and P4 are formed at ?rst 
and second P-type nodes P1 and P2 (see FIG. 9). Third and 
fourth contacts N3 and N4 are formed in ?rst and second 
N-type nodes N1 and N2 (see FIG. 9). Vss contacts VS1 and 
VS2 are formed in ?rst and second Vss regions S1 and S2 
(see FIG. 9). 

FIG. 12 shoWs a Vss line 88 and interconnection lines 90a 
and 90b. In detail, referring to (b) of FIG. 12, there are 
formed tWo interconnection lines 90a and 90b along the 
longitudinal direction of the semiconductor substrate. First 
interconnection line 90a connects ?rst and third contacts P3 
and N3 (see FIG. 11) respectively formed on ?rst P-type and 
N-type nodes P1 and N1 (see FIG. 9) of ?rst and third active 
regions 84a and 84c. Second interconnection line 90b con 
nects second and fourth contacts P4 and N4 (see FIG. 11) 
respectively formed on second P-type and N-type nodes P2 
and N2 (see FIG. 9) of second and fourth active regions 84b 
and 84d. Simultaneously With the formation of ?rst and 
second interconnection lines 90a and 90b. Vss line 88 With 
U-like shape (Which may also be regarded as an H-like 
shape), is formed in P Well 80. Vss line 88 connects Vss 
contacts VS1 and VS2 formed in third and fourth active 
regions 84c and 84d into Which N-type impurities are 
injected. In other Words, ?rst and second vertically extend 
ing interconnection lines 90a and 90b are located betWeen 
the vertically extending spaced apart main body portions of 
the Y-shaped gate conductors 86a and 86b (FIG. 10). Hori 
Zontally extending Vss conductor 88 overlies the horiZon 
tally extending Word line 87. 

Vss line 88 is connected to a Vss line of another cell 
neighboring the above cell (not shoWn), so that Vss line 88 
has loW Vss line resistance. First and second interconnection 
lines 90a and 90b, and Vss contacts VS1 and VS2 are 
simultaneously formed from the same conductive layer. This 
conductive layer is preferably a second polysilicon layer. 

FIG. 13 shoWs bit-lines 92a and 92b, and Vcc lines 94a 
and 94b. In detail, as shoWn in (a) of FIG. 13, bit-lines 92a 
and 92b are formed in the vertical direction of the semicon 
ductor substrate, spaced a predetermined distance from the 
center. Vcc lines 94a and 94b are symmetrically formed on 
the right and left ends of the semiconductor substrate, 
connecting respective Vcc contacts 96a and 96b. As shoWn 
in (b) of FIG. 13, bit-lines 92a and 92b are connected to 
bit-line contacts 98a and 98b via third and fourth active 
regions 84c and 84d formed in the loWer portion of the P 
Well into Which N-type impurities are injected. Stated 
differently, ?rst and second vertically extending bit lines 92 
and 92b respectively, overlie a respective one of the verti 
cally extending interconnection lines 90a, 90b (FIG. 12). 
First and second vertically extending Vcc lines 94a and 94b 
respectively, are located outside of the ?rst and second 
vertically extending bit lines 92a, 92b. Bit-lines 92a and 92b 
and Vcc lines 94a and 94b are simultaneously formed of the 
same metal layer. 

According to the ?rst preferred embodiment of the present 
invention, ?rst and second gate conductive layers 86a and 
86b With a Y-like shape are connected perpendicular to 
pull-doWn transistor formation regions T3 and T4 in the 
third and fourth active regions. Thus, the margin With 
respect to the misalignment is relatively small in the hori 
Zontal direction of the cell formed on the semiconductor 
substrate, but relatively large in the vertical direction (see (b) 
of FIG. 10). Thus, each line interval formed in the cell can 
become narroW in the vertical direction. Also, since the 
active region of the cell or the gate conductive layer is 
structurally simple compared With the conventional cell, 
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each line interval (pitch) can be made relatively narrow in 
the horizontal direction. As a result, the cell area can be 
reduced, thereby increasing the integration density in the 
semiconductor device. 
An SRAM according to a second preferred embodiment 

of the present invention Will be described in detail beloW. 
FIG. 14 is a plane vieW of an SRAM according to the second 
preferred embodiment of the present invention. In general, 
the second embodiment does not include a gradient part in 
active regions 100c and 100d, unlike active regions 50c and 
50d (see FIG. 7) of the ?rst preferred embodiment of the 
present invention. Thus, an SRAM cell according to the 
second preferred embodiment of the present invention may 
have a larger margin of misalignment in the horiZontal 
direction than that of the ?rst preferred embodiment. Also, 
unlike the ?rst preferred embodiment, according to the 
second preferred embodiment, gate conductive layers 104a 
and 104b, interconnection lines 116a and 116b, and contacts 
110a and 110b have slightly different shapes. That is, gate 
conductive layers 104a and 104b form branches each having 
a shape obtained by rotating L-like shape in 180-degree arc 
and L-like shape in ?eld regions 96 of N Well 94 and P Well 
is 98. Contacts 110a and 110b are formed on the branches of 
gate conductive layers 104a and 104b. Interconnection lines 
116a and 116b, Which are also included in the contacts 
formed on the branches of gate conductive layers 104a and 
104b as Well as the contacts formed in interconnection lines 
90a and 90b (see FIG. 12) of the ?rst preferred embodiment, 
are formed. The remaining portions other than the above 
described portions are the same as those of the ?rst preferred 
embodiment. 

FIGS. 15—20 are plane vieWs shoWing fabrication steps 
for an SRAM cell according to the second preferred embodi 
ment of the present invention. In the same manner as the ?rst 
preferred embodiment, there are tWo plane vieWs in each 
diagram. The diagram represented by (a) in each ?gure 
shoWs the lines formed only during the corresponding step, 
and the diagram represented by (b) in each ?gure shoWs all 
lines formed during all previous steps. 

FIG. 15 shoWs an N Well 130 and a P Well 132 de?ned on 
a semiconductor substrate. In detail, N-type and P-type 
impurities are injected after de?ning the cell region of the 
semiconductor substrate thereby forming N Well 130 and P 
Well 132, respectively. 

FIG. 16 shoWs active regions 134a, 134b, 134c and 134d 
In detail, ?rst to fourth active regions 134a, 134b, 134c and 
134d are formed With the same shape as active regions 84a, 
84b, 84c and 84d shoWn in FIG. 9 of the ?rst preferred 
embodiment. As shoWn in FIG. 16, the right end of third 
active region 134c in Which an NMOS transistor is formed, 
is not aligned in the same line as the right end of ?rst active 
region 134a in Which a PMOS transistor is formed. This 
asymmetric arrangement may increase the alignment margin 
When forming the contacts in the active region. The ?rst and 
second active regions 134a and 134b formed at the left and 
right of N Well 130 of the semiconductor substrate, the ?rst 
and second pull-up transistor formation regions 142a and 
142b formed thereon, the Vcc contact region 143, the ?rst 
and second pull-doWn transistor formation regions 136a and 
136b formed on third and fourth active regions 134c and 
134d, and the ?rst and second pass transistor formation 
regions 138a and 138b, are the same as those shoWn in the 
?rst preferred embodiment. Also, the ?rst and second P-type 
nodes 144a and 144b formed on ?rst and second active 
regions 134a and 134b, the ?rst and second N-type nodes 
146a and 146b formed on third and fourth active regions 
134c and 134d, and the Vss contact region 147, are the same 
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as those shoWn in the ?rst preferred embodiment Thus, a 
description of these portions Will not be repeated. 

FIG. 17 shoWs gate conductive layers 143a and 143b, and 
a Word-line 150. In detail, tWo gate conductive layers 148a 
and 148b are formed in the same manner as the ?rst 
preferred embodiment. First gate conductive layer 148a is 
composed of a gate electrode formation region Which is 
formed in the longitudinal direction across ?rst pull-up 
transistor formation region 142a (FIG. 16) of ?rst active 
region 134a, and Which is also formed across ?rst pull-doWn 
transistor formation region 136a (FIG. 16) of third active 
region 134c, and a region having a shape obtained by 
rotating L-like shape in 180-degree arc formed at the right 
of a ?eld region 152 formed beneath ?rst and second active 
regions 134a and 134b of the N Well formed in the upper 
portion of the cell. Second gate conductive layer 148b is 
obtained by rotating ?rst gate conductive layer 148a in a 
180-degree arc With respect to the center of the semicon 
ductor substrate As shoWn in (b) of FIG. 17, Word-line 150 
is formed across ?rst and second pass transistor formation 
regions 138a and 138b (FIG. 16) of third and fourth active 
regions 134c and 134d. First and second gate conductive 
layers 148a and 148b, and Word-line 150 are preferably 
formed from a ?rst polysilicon layer. 

FIG. 18 shoWs contacts. In detail ?rst and second contacts 
154 and 156 are formed in ?rst and second active regions 
131a and 134b, and in third and fourth active regions 134c 
and 134d, respectively. Third and fourth contacts 158a and 
158b are formed at the right end of the shape obtained by 
rotating L-like shape in a 180-degree arc of ?rst gate 
conductive layer 148a, and in the symmetrical portion of the 
second gate conductive layer 148b, that is at the left end of 
L-like shape, respectively, and a Vss contact 147a formed. 

FIG. 19 shoWs interconnection lines 160a and 160b, and 
a Vss line 162. In detail, interconnection lines 160a and 160b 
connect ?rst and second contacts 154 and 156 formed in the 
P-type and N-type nodes. First interconnection line 160a has 
a shape obtained by rotating second interconnection line 
160b in a 180-degree arc With respect to the center of the 
semiconductor substrate. Vss line 162 is formed in the same 
manner as that of the ?rst preferred embodiment. That is, 
Vss line 162 With U-like or H-like shape is connected to Vss 
contact 147a at the right of P Well 132 formed on the 
semiconductor substrate. First and second interconnection 
lines 160a and 160b and Vss line 162, are preferably formed 
of a second polysilicon layer in the same manner as the ?rst 
and second conductive layers 148a and 148b. 

FIG. 20 shoWs bit-lines 164a and 164b, and Vcc line 166. 
As shoWn in (a) of FIG. 20, ?rst bit-line 164a is connected 
to a bit-line contact 163a via ?rst second and fourth contacts 
154, 156 and 158b. Also, second bit-line 164b is connected 
to the other bit-line contact 163b via the remaining contact 
158a. In this embodiment, the contacts 154, 156, 158a and 
158b are not aligned in the horiZontal or vertical direction, 
so that the upper portions of ?rst and second bit-lines 164a 
and 164b are curved. Vcc lines 166, connected to a Vcc 
contact 143, are formed along both sides of the cell. First and 
second bit-lines 164a and 164b, and Vcc lines 166 are 
simultaneously formed of the same metal layer. 

As described above, according to the present invention, 
the gate conductive layers and Word-line are preferably 
simultaneously formed from the ?rst polysilicon layer. The 
interconnection lines and Vss line are preferably simulta 
neously formed from a second polysilicon layer, and the 
bit-lines and Vcc line are preferably simultaneously formed 
from one metal layer. Thus, an SRAM cell having simpler 
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structure than that of a conventional SRAM cell can be 
formed. Also, the gate conductive layers are formed perpen 
dicular to the horizontal region of the active regions, so that 
alignment tolerances can be increased in the horiZontal 
direction. Thus, the nonlinearities, distortions and other 
effects Which can occur during the SRAM cell fabrication 
can be reduced, and the interval betWeen each line in the cell 
can be reduced, thereby increasing the integration density of 
the SRAM cell. 

In the draWings and speci?cation, there have been dis 
closed typical preferred embodiments of the invention and, 
although speci?c terms are employed, they are used in a 
generic and descriptive sense only and not for purposes of 
limitation, the scope of the invention being set forth in the 
folloWing claims. 

That Which is claimed: 
1. An integrated circuit [nonvolatile memory] SRAM cell 

comprising: 
a semiconductor substrate having a ?eld region and ?rst, 

second, third and fourth active regions therein, said ?rst 
and second active regions each including a horiZontal 
leg and a vertical leg Which de?ne a vertex 
therebetWeen, such that said horiZontal leg extends 
horiZontally from the vertex and said vertical leg 
extends vertically from the vertex, said ?rst and second 
active regions being mirror images of each other about 
a vertical axis, said third and fourth active regions each 
including a horiZontal leg and a vertical leg Which 
de?ne a vertex therebetWeen, such that said horiZontal 
leg extends horiZontally from the vertex and said 
vertical leg extends vertically from the vertex, said 
third and fourth active regions being mirror images of 
each other about a vertical axis; and 

?rst and second vertically extending gate conductive 
layers on said semiconductor substrate, said ?rst ver 
tically extending conductive layer extending vertically 
over said ?rst active region horiZontal leg and extend 
ing vertically over said third active region horiZontal 
leg, and said second vertically extending conductive 
layer extending vertically over said second active 
region horiZontal leg and extending vertically over said 
fourth active region horiZontal leg. 

2. An integrated circuit [nonvolatile memory] SRAM cell 
according to claim 1 Wherein the second active region 
horiZontal leg includes an end, opposite the second active 
region vertical leg, and Wherein said ?rst vertically extend 
ing gate conductive layer further extends horiZontally to the 
end of the second active region horiZontal leg. 

3. An integrated circuit [nonvolatile memory] SRAM cell 
according to claim 2 Wherein said second vertically extend 
ing gate conductive layer further extends horiZontally to the 
vertex of the third active region horiZontal and vertical legs. 

4. An integrated circuit [nonvolatile memory] SRAM cell 
according to claim 1 further comprising a horiZontally 
extending Word line, and Wherein said Word line and said 
?rst and second vertically extending gate conductive layers 
are all formed from a single conductive layer. 

5. An integrated circuit [nonvolatile memory] SRAM cell 
according to claim 4 Wherein said single conductive layer is 
a single polysilicon layer. 

6. An integrated circuit SRAM cell according to claim 1 
Wherein the ?rst active region horiZontal leg includes an end, 
opposite the ?rst active region vertical leg and Wherein the 
second active region horiZontal leg includes an end, opposite 
the second active region vertical leg, said integrated circuit 
SRAM cell further comprising ?rst and second vertically 
extending interconnection lines, the ?rst vertically extending 
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interconnection line connecting the end of the ?rst active 
region horiZontal leg to the vertex of the third active region 
horiZontal and vertical legs, the second vertically extending 
interconnection line connecting the end of the second active 
region horiZontal leg to the vertex of the fourth active region 
horiZontal and vertical legs. 

7. An integrated circuit [nonvolatile memory] SRAM cell 
according to claim 6 Wherein the third active region hori 
Zontal leg includes an end, opposite the third active region 
vertical leg and Wherein the fourth active region horiZontal 
leg includes an end, opposite the fourth active region vertical 
leg, said integrated circuit [nonvolatile memory] SRAM cell 
further comprising a U-shaped Vss line Which connects the 
end of the third active region horiZontal leg to the end of the 
fourth active region horiZontal leg, said U-shaped Vss line 
including tWo vertically extending legs, a respective one of 
Which extends from a respective end of said third active 
region horiZontal leg and said fourth active region horiZontal 
leg, and a horiZontally extending base region Which con 
nects said tWo vertically extending legs. 

8. An integrated circuit [nonvolatile memory] SRAM cell 
according to claim 7 Wherein said ?rst and second vertically 
extending interconnection lines and said U-shaped Vss line 
are all formed from a single conductive layer. 

9. An integrated circuit [nonvolatile memory] SRAM cell 
according to claim 8 Wherein said single conductive layer Is 
a single polysilicon layer. 

10. An integrated circuit [nonvolatile memory] SRAM cell 
according to claim 1 Wherein the ?rst active region vertical 
leg includes an end, opposite the ?rst active region horiZon 
tal leg and Wherein the second active region vertical leg 
includes an end, opposite the second active region horiZontal 
leg, said integrated circuit [nonvolatile memory] SRAM cell 
further comprising ?rst and second vertically extending bit 
lines and ?rst and second vertically extending Vcc lines, said 
?rst vertically extending Vcc line being connected to the end 
of the ?rst active region vertical leg, said second vertically 
extending Vcc line being connected to the end of the second 
active region vertical leg, said ?rst vertically extending bit 
line being connected to the vertical leg of the third active 
region, and said second vertically extending bit line being 
connected to the vertical leg of the fourth active region. 

11. An integrated circuit [nonvolatile memory] SRAM cell 
according to claim 10 Wherein said ?rst and second verti 
cally extending bit lines and said ?rst and second vertically 
extending Vcc lines are all formed from a single conductive 
layer. 

12. An integrated circuit [nonvolatile memory] SRAM cell 
according to claim 11 Wherein said single conductive layer 
is a single metal layer. 

13. A conductive pattern for an integrated circuit [non 
volatile memory] SRAM cell Which is formed in a semicon 
ductor substrate, said conductive pattern comprising: 

?rst and second Y-shaped gate conductors on said semi 
conductor substrate, said Y-shaped gate conductors 
being nested Within one another, said Y-shaped con 
ductors including vertically extending spaced apart 
main body portions, horiZontal arm portions a respec 
tive one of Which extends from one of the main body 
portions toWards the other of the main body portions, 
and vertical arm portions a respective one of Which 
extends from the respective horiZontal arm portion 
aWay from the other horiZontal arm portion; and 

a horiZontally extending Word line on said semiconductor 
substrate. 

14. A conductive pattern according to claim 13 Wherein 
said ?rst and second Y-shaped conductors and said horiZon 
tally extending Word line are all formed from a ?rst con 
ductive layer. 
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15. A conductive pattern according to claim 14 further 
comprising ?rst and second vertically extending intercon 
nection lines, located between said vertically extending 
spaced apart main body portions of said Y-shaped gate 
conductors, and a horiZontally extending Vss conductor 
Which overlies said horiZontally extending Word line. 

16. A conductive pattern according to claim 15 Wherein 
said ?rst and second vertically extending interconnection 
lines and said horizontally extending Vss conductor are all 
formed from a second conductive layer. 

17. A conductive pattern according to claim 16 further 
comprising ?rst and second vertically extending bit lines, a 
respective one of Which overlies a respective one of said 
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vertically extending interconnection lines, and ?rst and 
second vertically extending Vcc lines, located outside of 
said ?rst and second vertically extending bit lines. 

18. A conductive pattern according to claim 15 Wherein 
said ?rst and second bit lines and said ?rst and second Vcc 
lines are all formed from a third conductive layer. 

19. A conductive pattern according to claim 18 Wherein 
said ?rst and second conductive layers are ?rst and second 
polyslicon layers, and Wherein said third conductive layer is 
a metal layer. 


