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1
SEMICONDUCTOR STORAGE 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
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

TECHNICAL FIELD

The present invention relates to a semiconductor storage
device, and particularly relates to a DRAM (Dynamic Ran-
dom Access Memory) memory cell layout.

BACKGROUND OF THE INVENTION

In DRAM, which 1s one type of semiconductor storage
device, a memory cell composed of a single transistor and a
single capacitor 1s disposed at the intersection of a word line
and a bit line that intersect with each other. Layout systems
in DRAM memory cells are classified as folded bit line
systems and open bit line systems (see Japanese Laid-open
Patent Application No. 2004-80009). In a folded bit line
system, two bit lines that are connected to a single sense
amplifier are folded at the sense amplifier so as to be wired
in the same direction, and the minimum theoretical area of
the memory cell is 8F* (4Fx2F), wherein “F” is the mini-
mum feature size (hall the pitch of the word lines). In an
open bit line system, two bit lines that are connected to a
single sense amplifier are wired so as to extend 1n opposite
directions on the sides of the sense amplifier, and the
minimum theoretical area of the memory cell is 6F* (2Fx
3F).

FI1G. 23A through 23F shows an example of the layout of
conventional DRAM having a cell area of 6F°. A plurality of
active regions 13 1s formed symmetrically about a line (FIG.
23A), and word lines 14 are wired in the Y direction at
intervals of 1F (FIG. 23B). Cell contacts 18 are formed 1n
the center portions and end portions of the active regions 13
(FIG. 23C). Bit line contacts (not shown) are formed directly
above the cell contacts 18 of the central portions, and bit
lines are wired so as to extend in the X direction 1n
meandering fashion over the bit line contacts so as to avoid
the cell contacts 18 of the end portions (FIG. 23D). Storage
node contacts 24 are formed above the cell contacts 18
disposed at the end portions of the active regions 13 (FIG.
23E). The center positions of the storage node contacts 24
are ollset from the center positions of the cell contacts 18,
whereby the storage node contacts 24 are arranged at equal
intervals 1n the X direction. Storage capacitors 28 are also
tformed directly above the storage node contacts 24 (FIG.
23F).

Japanese Laid-open Patent Application No. 2004-80009
discloses a structure of an integrated circuit memory element
in which a landing pad 1s formed between a contact plug and
a storage capacitor. This integrated circuit memory element
comprises an interlayer insulating film that 1s formed on a
substrate and has numerous storage node contact holes
arranged linearly 1n one direction; storage node contacts that
are embedded 1n the storage node contact holes; an isulat-
ing {ilm that 1s formed on an interlayer insulating film and
has numerous landing pad holes that are arranged nonlin-
carly in one direction and that expose the storage node
contacts; landing pads that are embedded 1n the landing pad
holes and connected to the storage node contacts; and
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storage capacitors connected to the landing pads. In this
structure, since landing pads are formed between the contact

plugs and the storage capacitors, the storage capacitors can
be arranged 1n a zigzag pattern in a plane even when the
contact plugs are aligned 1n the transverse and longitudinal
directions of the plane.

The layout of conventional DRAM having the memory
cell area of 6F° shown in FIGS. 23A through 23F has a
region 1 which the storage capacitors are not arranged in
zigzag fTashion on the plane, and the storage capacitors
cannot be placed 1n a perfectly zigzag arrangement. There-
fore, the storage capacitors cannot be packed at maximum
density.

In the structure disclosed 1n Japanese Laid-open Patent
Application No. 2004-80009, when the contact plugs are
aligned in the transverse and longitudinal directions on a
plane, the storage capacitors can be arranged in zigzag
fashion and packed at maximum density merely by being
arranged 1n zigzag fashion so as to be oflset from each other.
However, 1n such a case as when the contact plugs are
originally arranged 1n zigzag fashion in the transverse and
longitudinal directions, 1t 1s difficult to pack the storage
capacitors at maximum density. Since the elliptical storage
capacitors have an inadequate diameter 1n the minor axis
direction, 1t 1s 1mpossible to increase the capacity of the
capacitors. Furthermore, when the lower electrode of an
MIS (Metal Insulator Silicon) capacitor 1s composed of
HSG-S1 (Heml Spherical Grained poly-S1), the HSG block-
age margin cannot be adequately ensured, and the cylinder

holes used by the storage capacitors become blocked with
HSG-S1.

SUMMARY OF THE

INVENTION

It 1s therefore an object of the present invention to provide
a semiconductor storage device 1n which the storage capaci-
tors can be arranged with maximum density in a 6F~ layout,
and the HSG blockage margin can be adequately ensured.

The above and other objects of the present invention can
be accomplished by a semiconductor storage device com-
prising a semiconductor substrate; a plurality of active
regions formed 1n the shape of a band 1n the semiconductor
substrate; a plurality of word lines arranged at equal inter-
vals so as to intersect the active regions; a plurality of cell
contacts that includes first cell contacts formed 1n the active
regions 1n the center portions in the longitudinal direction
thereol, and second cell contacts formed at each end portion
at both ends 1n the longitudinal direction; bit line contacts
formed on the first cell contacts; bit lines wired so as to pass
over the bit line contacts; storage node contacts formed on
the second cell contacts; storage node contact pads formed
on the storage node contacts; and storage capacitors formed
on the storage node contact pads, wherein the center posi-
tions of the storage node contacts are offset 1n a prescribed
direction from the center positions of the second cell con-
tacts, and the center positions of the storage node contact
pads are oflset in a prescribed direction from the center
positions of the storage node contacts.

According to the present invention, it 1s possible to
arrange the storage capacitors at high density and adequately
ensure the HSG blockage margin in a DRAM or other
semiconductor storage device that has a 6F~ cell layout.

In the present invention, the plurality of active regions 1s
preferably aligned with a straight line that forms a pre-
scribed angle with the X direction intersecting the word
lines, and 1s aligned with the Y direction parallel to the word
lines, and the prescribed angle 1s preferably approximately
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18 degrees. When the active regions are aligned with a
straight line that 1s angled approximately 18 degrees from
the X direction, the distance between the center positions of
two cell contacts can be set to 4F 1n the X direction and 4/3F
in the Y direction, and the optimum cell contact layout can
be achieved in a 6F* layout when the cell contacts are
formed at both end portions of the active regions.

In the present invention, the center positions of the storage
node contacts are preferably offset toward the corresponding,
bit line contacts in relation to the center positions of the
second cell contacts, and are preferably oflset so as to be at
equal intervals in the X direction in relation to the center
positions of the second cell contacts. All of the storage node
contact pads can thereby be offset by the same amount, and
it 1s easy to ultimately create a high-precision, high-density
layout of the storage capacitors when the storage node
contact pads are laid out at maximum density.

In the present invention, a first pad layout in which the
positions of the storage node contact pads are oflset 1n the
direction towards the center portions of the corresponding
active regions, and a second pad layout in which the
positions of the storage node contact pads are offset 1in the
direction away from the center portions of the corresponding
active regions are preferably employed in alternating fashion
for the plurality of active regions arranged in the Y direction.
The first and second pad layouts are also preferably
employed 1n alternating fashion for the plurality of active
regions arranged on the straight line. In this case, the amount

ol offset of the storage node contact pads 1s preferably 3/4F
in the X direction and 1/3F in the Y direction. Oflsetting the

storage node contact pads in the manner described above
makes 1t possible to arrange the storage node contact pads in
a uniform zigzag pattern, and to easily achieve a high-
precision, high-density layout of the storage capacitors.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
this mnvention will become more apparent by reference to the
following detailed description of the invention taken in
conjunction with the accompanying drawings, wherein:

FIG. 1 1s a schematic plan view showing the layout in the
sequence of the manufacturing process of the DRAM 10
(specifically forming active regions 13) according to a
preferred embodiment of the present invention;

FIG. 2 1s a schematic plan view showing the layout 1n the
sequence of the manufacturing process of the DRAM 10
(specifically forming word lines 14) according to a preferred
embodiment of the present invention;

FIG. 3 1s a schematic plan view showing the layout 1n the
sequence of the manufacturing process of the DRAM 10
(specifically forming side walls 15 and silicon epitaxial
layers 16) according to a preferred embodiment of the
present ivention;

FIG. 4 1s a schematic plan view showing the layout 1n the
sequence of the manufacturing process of the DRAM 10
(specifically forming cell contacts 18) according to a pre-
ferred embodiment of the present invention;

FIG. 5 1s a schematic plan view showing the layout 1n the
sequence of the manufacturing process of the DRAM 10
(specifically forming bit line contacts 20) according to a
preferred embodiment of the present invention;

FIG. 6 1s a schematic plan view showing the layout 1n the
sequence of the manufacturing process of the DRAM 10
(specifically forming bit lines 22) according to a preferred
embodiment of the present ivention;
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FIG. 7 1s a schematic plan view showing the layout 1n the
sequence of the manufacturing process of the DRAM 10
(specifically forming storage node contacts 24) according to
a preferred embodiment of the present invention;

FIG. 8 1s a schematic plan view showing the layout 1n the
sequence of the manufacturing process of the DRAM 10
(specifically forming storage node contact pads 26) accord-
ing to a preferred embodiment of the present invention;

FIG. 9 1s a schematic plan view showing the layout in the
sequence of the manufacturing process of the DRAM 10
(specifically forming storage capacitors 28) according to a
preferred embodiment of the present invention;

FIG. 10 1s a schematic sectional view along line P-P 1n
FIG. 1;

FIG. 11 1s a schematic
FIG. 2;

FIG. 12 1s a
FIG. 3;

FIG. 13 1s a
FIG. 4;

FIG. 14 1s a
FIG. 5;

FIG. 15 1s a
FIG. 6;

FIG. 16 1s a
FIG. 7;

FIG. 17 1s a
FIG. 8;

FIG. 18 1s a
FIG. 9;

FIG. 19 1s a schematic plan view showing details of the
layout shown in FIG. 8;

FIG. 20 1s a schematic plan view showing details of the
layout shown 1n FIG. 8;

FIG. 21 1s a schematic plan view showing details of the
layout shown i FIG. 8;

FIG. 22 1s a schematic plan view showing details of the
layout shown in FIG. 8; and

FIG. 23 A 1s a schematic plan view showing an example
of the layout of conventional DRAM having a cell area of
6F>;

FIG. 23B 1s a schematic plan view showing an example
of the layout of conventional DRAM having a cell area of
6F>:

FIG. 23C 1s a schematic plan view showing an example
of the layout of conventional DRAM having a cell area of
6F>:

FIG. 23D 1s a schematic plan view showing an example
of the layout of conventional DRAM having a cell area of
6F=:

FIG. 23E 1s a schematic plan view showing an example of
the layout of conventional DRAM having a cell area of 6F~;
and

FIG. 23F 1s a schematic plan view showing an example of
the layout of conventional DRAM having a cell area of 6F~.

sectional view along line P-P 1n
schematic sectional view along line P-P 1n
schematic sectional view along line P-P 1n
schematic sectional view along line P-P 1n
schematic sectional view along line P-P 1n
schematic sectional view along line P-P 1n
schematic sectional view along line P-P 1n

schematic sectional view along line P-P 1n

DESCRIPTION OF THE PREFERREI
EMBODIMENTS

Preferred embodiments of the present invention will now
be described 1n detail heremafter with reference to the
accompanying drawings.

FIGS. 1 through 9 are schematic plan views showing the
layout 1n the sequence of the manufacturing process of the
DRAM 10 as an embodiment of the semiconductor storage
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device of the present invention. FIGS. 10 through 18 are
schematic sectional views along line P-P 1n FIGS. 1 through
9, respectively.

In the manufacture of the semiconductor storage device
10, a field oxide film (element separation region) 12 1s first
formed by STI (Shallow Trench Isolation) or another
method on a silicon substrate 11 as shown 1n FIGS. 1 and 10,
whereby a plurality of active regions 13 1s formed. The
active regions 13 are substantially band-shaped regions
having a prescribed length, and the plurality of active
regions 13 1s formed 1n a straight line 1n the longitudinal
direction thereof. The longitudinal direction of the active
regions 13 1s angled approximately 18 degrees from the X
direction, wherein the X direction 1s the direction orthogonal
to the wiring direction of the word lines described herein-
aiter. When the active regions are aligned with a straight line
that 1s at an angle of approximately 18 degrees from the X
direction, the X direction component ol the distance
between the center positions of two cell contacts formed at
end portions on both ends of the active regions can be set to
4F, and the Y direction component can be set to 4/3F in the
formation of the cell contacts described heremafter. The
optimum cell contact layout can therefore be achieved 1n a
6F~ layout. When the wiring direction of the word lines is the
Y direction, the active regions 13 are arranged at equal
intervals 1n the Y direction. The width of the active regions
13 1s about 1F (wherein F 1s the minimum feature size), and
the length 1s about 5.1F. The distance between the centers of
active regions 13 that are adjacent 1n the Y direction 1s set
to 2F.

As shown 1n FIGS. 2 and 11, a plurality of word lines 14
1s then formed on the silicon substrate 11 1n which the active
regions 13 are formed. The word lines 14 are wired in the Y
direction, and the width of the word lines 14 and the space
between adjacent word lines 14, 14 are both set to 1F. Two
word lines 141, 14R 1ntersect 1n a single active region 13.
One word line 14L passes between the center portion and
one end portion of the active region 13, and the other word
line 14R passes between the center portion and the other end
portion of the active region 13. One of three word lines 14
does not intersect with the active region 13, and 1s a dummy
word line 14D that does not actually function as a word line.
In the formation of the word lines 14, gate oxide films 14a
are first formed on the entire surface of the active region 13,
alter which conducting films 14b formed by layering a
polysilicon film, a tungsten silicide film, a tungsten nitride
f1lm, and a tungsten film in sequence are formed on the gate
oxide films 14a, and gate cap 1nsulating films 14c composed
of silicon nitride are then formed. The word lines 14 are then
formed by patterning the multilayer film 1n linear fashion.

As shown in FIGS. 3 and 12, side walls 15 are then
formed on both sides of the word lines 14, and silicon
epitaxial layers 16 are formed 1n the exposed portions of the
active regions 13. The side walls 15 are formed by a process
in which a silicon nitride film having a thickness of about 26
nm 1s formed on the entire surface of the substrate, and the
s1licon nitride film 1s then etched back. The end portions and
the center portions of the active regions 13, which are the
exposed portions, are then grown epitaxially, and the silicon
epitaxial layers 16 are formed. The width of the silicon
epitaxial layers 16 1s preferably about 60 nm, the width
thereol in the Y direction 1s preferably about 168 nm, and the
separation margin between silicon epitaxial layers 16, 16
that are adjacent in the Y direction is preferably about 30 nm.

As shown 1n FIGS. 4 and 13, cell contacts 18 are formed
above the center portions and the portions at both ends of the
active regions 13. The cell contacts 18 are formed by a
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process 1n which an interlayer insulating film 17 composed
of BPSG (Boro-Phospho Silicate Glass) having a prescribed
thickness 1s formed on the entire surface of the substrate,
contact holes that pass through the interlayer insulating film
17 are formed 1n the center portions and the portions at both
ends of the active regions 13, and DOPOS (Doped Poly-
Silicon) or another conductive material 1s filled into the
contact holes. The contact holes are formed by photolithog-
raphy and etching using a resist mask. The cell contacts 18
are formed by a process 1n which DOPOS 1s deposited on the
entire surface of the substrate, including the interior of the
contact holes, and the DOPOS 1s then polished by CMP s
as to remain only in the interior of the contact holes.

The X direction component of the distance between the
center portions of the cell contacts 18b, 18b formed at the
portions at both ends of the active regions 13 1s set to 4F, and
the Y direction component 1s set to 4/3F. The cell contacts
18a formed in the center portions of the active regions 13 are
provided 1n the middle position between the cell contacts
18b, 18b of the portions at both ends. The distance between
the centers of cell contacts 18, 18 that are adjacent in the Y
direction 1s 2F. The top diameter of the cell contacts 18 1s
preferably about 140 nm, and the bottom diameter 1s pret-
erably about 93 nm.

As shown i FIGS. 5 and 14, bit line contacts 20 are
formed above the cell contacts (hereinafter referred to as
first cell contacts) formed 1n the center portions of each of
the active regions 13. The bit line contacts 20 are formed by
a process 1n which an interlayer insulating film 19 composed
of BPSG having a prescribed thickness 1s formed on the
entire surface of the substrate, and contact holes that pass
through the interlayer isulating film 19 are formed above
the first cell contacts 18a, after which tungsten or another
conductive material 1s filled into the contact holes. The
center positions of the bit line contacts 20 coincide with the
center positions of the first cell contacts 18a. The contact
holes are formed by photolithography and etching using a
resist mask. The bit line contacts 20 are formed by a process
in which tungsten 1s deposited on the entire surface of the
substrate, including the interior of the contact holes, and the
tungsten 1s then polished by CMP so as to remain only 1n the
interior of the contact holes.

Since the center positions of the bit line contacts 20
comncide herein with the center positions of the first cell
contacts 18a, the distance between the centers of two bit line
contacts 20, 20 that are adjacent 1n the Y direction 1s 2F. The
top diameter (diameter) of the bit line contacts 20 1s pref-
erably about 120 nm, and the bottom diameter (diameter) 1s
preferably about 93 nm.

A plurality of bit lines 22 1s then wired 1n the X direction,
as shown in FIGS. 6 and 15. The bit lines 22 pass through
over the bit line contacts 20, and are wired 1n meandering
fashion so as not to be above the cell contacts (hereinafter
referred to as second cell contacts) 18b formed in the
portions at both ends of the active regions 13. The bit lines
22 are formed by a process 1n which a tungsten nitride film
22a and a tungsten film 22b are deposited 1n sequence on the
entire surface of the substrate by sputtering, atter which the
films are etched using a silicon mitride film or other hard
mask. Bit lines 22 having a line width that 1s adequately
smaller than the mimimum feature size F can thereby be
formed, and a margin of deviation with respect to the bit line
contacts 20 can be adequately maintained. The widest dis-
tance between bit lines 22 that are adjacent 1n the Y direction
1s 2F, and the narrowest distance 1s 1.9F. The meandering
width of the bit lines 22 1s set to 2/3F, and the fold angle for

meandering 1s set to approximately 18 degrees, so as to be
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the same as the tilt of the active regions 13. Accordingly, the
bit lines 22 have a portion that extends parallel to the active
regions 13.

As shown 1 FIGS. 7 and 16, storage node contacts 24 are
formed above the second cell contacts 18b. In the formation
of the storage node contacts 24, an interlayer insulating film
23 composed of a silicon oxide film having a prescribed
thickness 1s formed on the entire surface of the substrate, and
clliptical contact holes are formed so as to pass through the
interlayer msulating film 23 above the second cell contacts
18b. The storage node contacts 24 are then formed by a
process 1n which DOPOS or another conductive material 1s
deposited on the entire surtace of the substrate, including the
interior of the contact holes, and the conducting material 1s
then polished by CMP so as to remain only 1n the interior of
the contact holes. The center positions of the storage node
contacts 24 do not coincide with the center positions of the
second cell contacts 18b, but are offset 0.5F 1n the X
direction towards the center portions of the corresponding
active regions 13. As a result, the storage node contacts 24
are arranged at equal intervals 1 the X direction. The
distance between the centers of two storage node contacts
24, 24 that are adjacent in the Y direction 1s 2.0F, and the
other distance between the centers of two storage node
contacts 24, 24 that are adjacent 1n the tilted direction 1s
about 3.07F. The minor axis and major axis of the bottom
diameter of the storage node contacts 24 are preferably 70
nm and 120 nm, respectively, and the minor axis and major
axis of the top diameter are preferably 97 nm and 138 nm,
respectively.

As shown 1 FIGS. 8 and 17, elliptical storage node
contact pads 26 are formed above the storage node contacts
24. The storage node contact pads 26 are formed by depos-
iting DOPOS or another conductive material on the inter-
layer msulating film 23 and the storage node contacts 24,
and then etching the conductive material by using a resist
mask. In the stage shown 1n FIGS. 7 and 16, the storage node
contact pads 26 and the storage node contacts 24 may be
formed simultaneously by a process 1n which contact holes
that pass through the interlayer insulating film 23 are
formed, DOPOS 1s formed on the entire surface so as to fill
the contact holes, and etching 1s then performed using a
resist mask composed of a pattern for the storage node
contact pads. The area of the storage node contact pads 26
1s wider than the area of the storage node contacts 24, and
the lengths of the minor axis and major axis thereof are set
to 135 nm and 170 nm, respectively. At this time, the center
positions of the storage node contact pads 26 do not coincide
with the center positions of the storage node contacts 24, and
are oflset further to the inside (in the direction that
approaches the center portions of the corresponding active
regions 13) or further to the outside (in the direction away
from the center portions of the corresponding active regions
13) than the center positions of the storage node contacts 24.

The layout of the storage node contact pads 26 1s a
combination of a first pad layout in which two storage node
contact pads 26 that correspond to the same active region are
oflset (to the inside) in the direction that approaches the
center portions of the active regions 13, and a second pad
layout 1 which two storage node contact pads 26 that
correspond to the same active region are oflset (to the
outside) in the direction away from the center portions of the
active regions 13. The first pad layout and the second pad
layout are employed 1n alternating fashion for the plurality
of active regions 13 arranged in the Y direction. For
example, 1n the first, second, and third active regions 13A
through 13C 1n FIG. 8 that are continuous 1n the Y direction,
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the storage node contact pads 26, 26 based on the first active
region 13A have the first pad layout that 1s oflset to the
inside; the storage node contact pads 26, 26 based on the
second active region 13B have the second pad layout that 1s
oflset to the outside; and the storage node contact pads 26,
26 based on the third active region 13C have the first pad
layout that 1s offset to the nside.

In the first and second pad layouts described above, the
center positions of the storage node contact pads 26 are
offset 1n a tilted direction. In other words, the oft:

set direction
has both an X direction component and a Y direction
component. In the case of the first pad layout, the center
positions of the storage node contact pads 26 are offset 3/4F
in the direction that approaches the center portions of the
corresponding active regions with respect to the X direction,
and are offset 1/3F 1n the direction away from the center
portions of the corresponding active regions 13 with respect
to the Y direction. In the case of the second pad layout, the
center positions of the storage node contact pads 26 are
oflset 3/4F in the direction away from the center portions of
the corresponding active reglons 13 with respect to the X
direction, and are offset 1/3F 1n the direction away from the
center portions of the corresponding active regions 13 with
respect to the Y direction. The distance between the centers
of two storage node contact pads 26 that are adjacent in the
X direction 1s thereby set to 3F, and the interval at which the
storage node contact pads 26 are arranged 1n the Y direction
1s set to 2F. At this time, the distance between the centers of
two storage node contact pads 26 that are adjacent 1n the
tilted direction 1s 2.5F.

FIGS. 19 through 22 are schematic plan views showing
details of the layout shown 1n FIG. 8.

As shown 1n FIG. 19, in the active regions 13A through
13C that are continuous in the Y direction, the positional
relationship between the first storage node contact pad 26a
formed at one end portion of the active region 13 A and the
second storage node contact pad 26b formed at one end of
the active region 13B 1s equivalent to the positional rela-
tionship between the third and fourth storage node contact
pads 26¢ and 26d formed at the respective end portions of
the active region 13C. The positional relationship between
the first storage node contact pad 26a and the third storage
node contact pad 26¢ 1s also equivalent to the positional
relationship between the second storage node contact pad
26b and the fourth storage node contact pad 26d. Specifi-
cally, the distance L, between the center positions of the
first and second storage node contact pads 26a, 26b; the
distance L, between the center positions of the second and
fourth storage node contact pads 26b, 26d; the distance L. ,
between the center positions of the fourth and third storage
node contact pads 26d, 26c; and the distance L, , between the
center positions of the third and first storage node contact
pads 26¢c, 26a are all set so as to be equal, and the line that
continuously connects these center position points forms a
diamond shape. From another perspective, the line segment
that connects the center position of the second storage node
contact pad 26b and the center position of the third storage
node contact pad 26c¢ 1n the X direction, and the line segment
that connects the center position of the first storage node
contact pad 26a and the center position of the fourth storage
node contact pad 26d 1n the Y direction are orthogonal to
cach other, and one line segment passes through the center
point of the other line segment.

As shown 1n FIG. 20, 1n the active regions 13F through
13H that are continuous in the Y direction, and 1n the active
region 13B that 1s adjacent in the longitudinal direction to
the active region 13G, the positional relationship between
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the first storage node contact pad 26¢ formed at one end of
the active region 13F, and the second storage node contact
pad 261 formed at one end of the active region 13G 1s
equivalent to the positional relationship between the third
storage node contact pad 26b formed at one end of the active
region 13B, and the fourth storage node contact pad 26g
formed at one end of the active region 13H. The positional
relationship between the first storage node contact pad 26¢
and the third storage node contact pad 26b 1s also equivalent
to the positional relationship between the second storage
node contact pad 261 and the fourth storage node contact pad
26¢. Specifically, the distance L., between the center posi-
tions of the first and second storage node contact pads 26¢,
261; the distance L,, between the center positions of the
second and fourth storage node contact pads 261, 26g; the
distance L,, between the center positions of the fourth and
third storage node contact pads 26g, 26b; and the distance
L., between the center positions of the third and first storage
node contact pads 2 Gb, 26¢ are all set so as to be equal, and
the line that continuously connects these center position
points forms the same diamond shape as the one shown in
FIG. 19. From another perspective, the line segment that
connects the center position of the second storage node
contact pad 26b and the center position of the third storage
node contact pad 261 in the X direction, and the line segment
that connects the center position of the first storage node
contact pad 26e and the center position of the fourth storage
node contact pad 26g 1n the Y direction are orthogonal to
cach other, and one line segment passes through the center
point of the other line segment.

As shown 1n FIG. 21, 1n the active regions 13B and 13C
that are continuous 1n the Y direction, and in the active
region 13H that 1s adjacent 1n the longitudinal direction to
the active region 13C, the positional relationship between
the first storage node contact pad 26c¢ formed at one end of
the active region 13C, and the second storage node contact
pad 26d formed at the other end of the active region 13C 1s
equivalent to the positional relationship between the third
storage node contact pad 26b formed at one end of the active
region 13B, and the fourth storage node contact pad 26g
formed at one end of the active region 13H. The positional
relationship between the first storage node contact pad 26c
and the third storage node contact pad 26b 1s also equivalent
to the positional relationship between the second storage
node contact pad 26d and the fourth storage node contact
pad 26g. Specifically, the distance L., between the center
positions of the first and second storage node contact pads
26c, 26d, and the distance L., between the center positions
of the third and fourth storage node contact pads 26b, 26¢
are set so as to be equal; and the distance L, between the
center positions of the first and third storage node contact
pads 26c, 26b, and the distance L,; between the center
positions of the second and fourth storage node contact pads
26d, 26¢ are set so as to be equal. The line that continuously
connects these center position points forms a parallelogram
shape.

As shown 1n FIG. 22, 1n the active regions 13A and 13B
that are continuous 1n the Y direction, 1n the active region
13F that 1s adjacent 1n the longitudinal direction to the active
region 13 A, and 1n the active region 13G that 1s adjacent in
the Y direction to the active region 13F and adjacent in the
longitudinal direction to the active region 13B, the posi-
tional relationship between the first storage node contact pad
26a formed at one end of the active region 13A, and the
second storage node contact pad 26b formed at one end of
the active region 13B 1s equivalent to the positional rela-
tionship between the third storage node contact pad 26e
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formed at one end of the active region 13F, and the fourth
storage node contact pad 261 formed at one end of the active
region 13G. The positional relationship between the first
storage node contact pad 26a and the third storage node
contact pad 26¢ 1s also equivalent to the positional relation-
ship between the second storage node contact pad 26b and
the fourth storage node contact pad 261. Specifically, the
distance L., between the center positions of the first and
second storage node contact pads 26a, 26d, and the distance
L., between the center positions of the third and fourth
storage node contact pads 26¢, 26g are set so as to be equal;
and the distance L, between the center positions of the first
and third storage node contact pads 26a, 26¢, and the
distance L, between the center positions of the second and
fourth storage node contact pads 26b, 261 are set so as to be
equal. The line that continuously connects these center
position points forms the same parallelogram shape as the
one shown 1n FIG. 21.

When the storage node contact pads 26 are laid out as
described above, the storage node contact pads 26 are 1n a
zigzag pattern that 1s uniform over the entire surface of the
substrate.

Storage capacitors 28 are then formed above the storage
node contact pads 26, as shown in FIGS. 9 and 18. The
storage capacitors 28 are formed by a process 1 which an
interlayer insulating film 27 1s formed on the entire surface
of the substrate, and cylinder holes that pass through the
interlayer msulating film 27 are formed above the storage
node contact pads 26, after which a lower electrode, a
capacitor msulating {ilm, and an upper electrode are depos-
ited 1n sequence 1n the cylinder holes. In the present embodi-
ment, the lower electrodes 1n the storage capacitors 28 are
preferably composed of HSG-S1. The use of HSG-S1 enables

a significant enhancement of refresh characteristics due to
increased surface area of the electrode. Since the center
positions of the storage capacitors 28 coincide with the
center positions of the storage node contact pads 26, the
distance between the centers of two storage capacitors 28
(and storage node contact pads 26) that are adjacent in the
X direction 1s 3.0F, and the other distance between the
centers of two cylinder-type storage capac1t0rs 28, 28 that
are adjacent 1n the tilted direction 1s 2.5F. The minor axis and
major axis of the bottom diameter of the cylinder holes are
preferably 86 nm and 124 nm, respectively, and the minor
axis and major axis of the top diameter are preferably 143
nm and 181 nm, respectively.

According to the present embodiment as described above,
arrangement of the storage capacitors at maximum density 1s
made possible by offsetting the center positions of the
storage node contacts from the center positions of the cell
contacts to create an equally spaced zigzag layout of the
storage node contacts, and then also offsetting the center
positions of the storage node contact pads from the center
positions of the storage node contacts to create an equally
spaced zigzag layout of the storage node contact pads.
Further, since the pitch of the storage node capacitors 1n the
miner axis 1s longer than the conventional layout, 1t 1s
possible to increase the capacity of the storage capacitor and
enlarge the HSG blockage margin.

Preferred embodiment of the present invention has been
explained above, but the present invention 1s not limited
thereto. A variety of modifications are possible within the
scope of the main points of the present invention, and it shall
be apparent that these modifications are also included within
the scope of the present mnvention.

For example, the storage capacitors 28 were cylindrical 1n
the abovementioned embodiment, but the shape of the
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storage capacitors 1s not limited to a cylindrical shape, and
may be a columnar shape, a crown shape, or other shape.

The bit lines 21 were also formed by etching using a
silicon nitride film or other hard mask in the abovemen-
tioned embodiment, but bit lines 21 that have an adequately
small trench width can be formed using a damascene process
or other ultrafine machiming technique.

An example of an MIS capacitor that used HSG-S1 1n the
lower electrode was described 1n the above-mentioned
embodiment, but the present invention may also be applied
to a MIM (Metal Insulator Metal) capacitor. In the case of
an MIM capacitor, an even greater capacity than that of an
MIS capacitor that uses HSG-S1 can be obtained by forming
the lower electrode by a CVD method using titanium nitride
or another metal maternial, and forming an 1nsulating film by
an ALD method using aluminum oxide or hafnium oxide.
The lower electrode formed from titamium nitride or the like
may be formed at the same time as the storage node contacts
and storage node contact pads, and storage node contact
pads composed of titanium nitride may be formed after the
storage node contacts are formed by embedding of silicon.
However, 1n any case, titantum silicide must be formed 1n
the interface between the titamium mitride and the silicon
under the titanium nitride.

What 1s claimed 1s:

1. A semiconductor storage device, comprising;

a semiconductor substrate;

a plurality of active regions formed 1n the shape of a band
in the semiconductor substrate;

a plurality of word lines arranged at equal intervals so as
to intersect the active regions;

a plurality of cell contacts that includes first cell contacts

formed 1n the active regions 1n the center portions in the

longitudinal direction thereof, and second cell contacts

formed at each end portion at both ends in the longi-

tudinal direction:

bit line contacts formed on the first cell contacts:

bit lines wired so as to pass over the bit line contacts;

storage node contacts formed on the second cell contacts;

storage node contact pads formed on the storage node
contacts; and

storage capacitors formed on the storage node contact

pads,

wherein [the] center positions of the storage node contacts

are offset in a prescribed X direction from [the] center
positions of the second cell contacts, and [the] center
positions of the storage node contact pads are oflset in
a different prescribed direction from [the] center posi-
tions of the storage node contacts that is not parallel to
the X direction,

wherein the plurality of active regions is [preferably]

aligned with a straight line that forms a prescribed
angle with the X direction intersecting the word lines,
and 1s aligned with the Y direction parallel to the word
lines.

2. The semiconductor device as claimed 1n claim 1,
wherein the prescribed angle is [preferably] approximately
18 degrees.

3. The semiconductor device as claimed 1n claim 1,
wherein the center positions of the storage node contacts are
oflset toward the corresponding bit line contacts 1n relation
to the center positions of the second cell contacts.

4. The semiconductor device as claimed i1n claim 3,
wherein the center positions of the storage node contacts are
oflset 1n the X direction 1n relation to the center positions of
the second cell contacts.
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5. The semiconductor device as claimed in claim 4,
wherein the center positions of the storage node contacts are
oflset so as to be at equal intervals 1n the X direction.

6. The semiconductor device as claimed i1n claim 1,
wherein a first pad layout in which the positions of the
storage node contact pads are oflset 1n the direction towards
the center portions of the corresponding active regions, and
a second pad layout 1n which the positions of the storage
node contact pads are oflset 1n the direction away from the
center portions ol the corresponding active regions are
employed 1n alternating fashion for the plurality of active
regions arranged in the Y direction.

7. The semiconductor device as claimed in claim 1,
wherein a first pad layout in which the positions of the
storage node contact pads are oflset in the direction towards
the center portions of the corresponding active regions, and
a second pad layout 1n which the positions of the storage
node contact pads are oflset 1n the direction away from the
center portions ol the corresponding active regions are
employed 1n alternating fashion for the plurality of active
regions arranged on the straight line.

8. The semiconductor device as claimed in claim 1,
wherein the amount of oflset of the storage node contact
pads 1s 3/4F 1n the X direction and 1/3F 1n the Y direction.

9. The semiconductor device as claimed 1n claim 1, the
distance between the centers of two storage node contact
pads that are adjacent 1n the X direction 1s set to 3F, and the
interval at which the storage node contact pads are arranged
in the Y direction 1s set to 2F.

10. The semiconductor device as claimed 1n claim 1,
wherein the active regions includes the first, second and
third active regions that are continuous in the Y direction,
and

the positional relationship between the first storage node

contact pad formed at one end portion of the first active
region and the second storage node contact pad formed
at one end of the second active region 1s equivalent to
the positional relationship between the third and fourth
storage node contact pads formed at the respective end
portions of the third active region.

11. The semiconductor device as claimed in claim 10,
wherein the positional relationship between the first storage
node contact pad and the third storage node contact pad 1s
equivalent to the positional relationship between the second
storage node contact pad and the fourth storage node contact
pad.

12. The semiconductor device as claimed in claim 1,
wherein the active regions includes the first, second and
third active regions that are continuous in the Y direction,
and the fourth active region that 1s adjacent 1n the longitu-
dinal direction to the second active region, and

the positional relationship between the first storage node

contact pad formed at one end of the first active region,
and the second storage node contact pad formed at one
end of the fourth active region 1s equivalent to the
positional relationship between the third storage node
contact pad formed at one end of the second active
region, and the fourth storage node contact pad formed
at one end of the third active region.

13. The semiconductor device as claimed 1n claim 12,
wherein the positional relationship between the first storage
node contact pad and the second storage node contact pad 1s
equivalent to the positional relationship between the third
storage node contact pad and the fourth storage node contact
pad.

14. The semiconductor device as claimed 1n claim 10,
wherein the distance between the center positions of the first
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and second storage node contact pads, the distance between
the center positions of the second and fourth storage node
contact pads, the distance between the center positions of the
fourth and third storage node contact pads, and the distance
between the center positions of the third and first storage
node contact pads are all set so as to be equal.

15. The semiconductor device as claimed in claim 10,
wherein the line that continuously connects the center posi-
tion point of the first, second, third and fourth storage node
contact pads forms a diamond shape.

16. The semiconductor device as claimed in claim 1,
wherein the active regions includes the first and second
active regions that are continuous 1n the Y direction, and the
third active region that 1s adjacent i the longitudinal direc-
tion to the first active region, and

the positional relationship between the first and second

storage node contact pads formed at both ends of the
first active region 1s equivalent to the positional rela-
tionship between the third storage node contact pad
formed at one end of the second active region, and the
fourth storage node contact pad formed at one end of
the third active region.

17. The semiconductor device as claimed in claim 16,
wherein the positional relationship between the first storage
node contact pad and the third storage node contact pad 1s
equivalent to the positional relationship between the second
storage node contact pad and the fourth storage node contact
pad.

18. The semiconductor device as claimed in claim 1,
wherein the active regions includes the first and second
active regions that are continuous 1n the Y direction, the third
active region that 1s adjacent in the longitudinal direction to
the first active region, and the fourth active region that 1s
adjacent 1n the longitudinal direction to the second active
region and 1n the Y direction to the third active region, and

the positional relationship between the first storage node

contact pad formed at one end of the first active region,
and the second storage node contact pad formed at one
end of the second active region 1s equivalent to the
positional relationship between the third storage node
contact pad formed at one end of the third active region,
and the fourth storage node contact pad formed at one
end of the fourth active region.

19. The semiconductor device as claimed in claim 18,
wherein the positional relationship between the first storage
node contact pad and the third storage node contact pad 1s
equivalent to the positional relationship between the second
storage node contact pad and the fourth storage node contact
pad.

20. The semiconductor device as claimed 1n claim 16,
wherein the line that continuously connects these center
position points of the first, second, third and fourth storage
node contact pads forms a parallelogram shape.

21. The semiconductor device as claimed 1in claim 2,
wherein the bit lines have a portion that extends parallel to
the straight line.

22. A semiconductor storage device, comprising:

a semiconductor substrate;

a plurality of active regions arranged 1n a prescribed

direction;

a plurality of word lines wired 1n the prescribed direction

so as to intersect the active regions;
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a plurality of cell contacts that includes first cell contacts

formed 1n the active regions 1n the center portions in the

longitudinal direction thereof, and second cell contacts

formed at each end portion at both ends 1n the longi-
tudinal direction;

bit line contacts formed on the first cell contacts;

bit lines wired so as to pass over the bit line contacts;

storage node contacts formed on the second cell contacts;

storage node contact pads formed on the storage node
contacts; and

storage capacitors formed on the storage node contact
pads,

wherein a first pad layout in which the positions of the
storage node contact pads are oflset in the direction
towards the center portions of the corresponding active
regions, and a second pad layout 1n which the positions
of the storage node contact pads are oflset in the
direction away from the center portions of the corre-
sponding active regions are employed in alternating
fashion for the plurality of active regions arranged 1n
the prescribed direction.

23. The semiconductor device as claimed in claim 22,
wherein the longitudinal direction of the active regions 1s
angled the prescribed degrees from the direction orthogonal
to the prescribed direction.

24. The semiconductor device as claimed in claim 23,
wherein the prescribed angle 1s approximately 18 degrees.

25. A semiconductor storage device, comprising.

a semiconductor substrate;

a plurality of active regions formed in the shape of a band
in the semiconductor substrate;

a plurality of word lines arranged at equal intervals so as
to intersect the active regions,;

a plurality of cell contacts that includes first cell contacts
Jormed in the active regions in the center portions in
the longitudinal divection thereof, and second cell
contacts formed at each end portion at both ends in the
longitudinal divection;

bit line contacts formed on the first cell contacts;

bit lines wired so as to pass over the bit line contacts;

storage node contacts formed on the second cell contacts;

storage node contact pads formed on the storage node
contacts; and

storage capacitors formed on the storage node contact
pads,

wherein the center positions of the storage node contacts
are offset in a prescribed X dirvection from the center
positions of the second cell contacts, and the center
positions of the storage node contact pads are offset in
a different prescribed divection from the center posi-
tions of the storage node contacts that is not parallel to
the X direction,

wherein the plurality of active regions is preferably
aligned with a straight line that forms a prescribed
angle with the X divection intersecting the word lines,
the prescribed angle being greater than 0° and less
than 90°.

26. The semiconductor device as claimed in claim 1,

wherein the prescribed angle is greater than 0° and less than

90°.
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