
;efe3eFLC.6TL5<&16 SEP 2004 METHOD FOR FORMING HIGH-DENSITY HIGH-CAPACITY
CAPACITOR ` BACKGROUND OF THE INVENTION (1) FIELD OF THE INVENTION The
present invention relates to a method of fabricating a capacitor, and more
particularly, to a method of fabricating a capacitor having large capacitor
surface area on a minimum chip area in the fabrication of an integrated
circuit device. (2) DESCRIPTION OF THE PRIOR ART Capacitors are critical
components in the integrated circuit devices of today. As the technology in
the semiconductor industry grows, the physical geometry of the
semiconductor devices shrink. While maintaining the required capacitance,
it is desirable to form the capacitor on as small a chip area as possible,
thus reducing cell size. U.S. Patent 5,942,787 to Gardner teaches a method
of using polysilicon spacers as a mask for making very small polysilicon
features. U.S. Patent 5,912,492 to Chang et al shows a capacitor having
spacers over a FOX. U.S. Patents 5,909,621 to Hsia et al, 5,854,105 to
Tseng, and 5,712,202 to Liaw et al show capacitor processes using 1   '~ 6
SEP 'tuu~ spacers of various types. U.S. Patent 5,595,928 to Lu et al shows
a process for forming polysilicon pillar capacitors. SUMMARY OF THE
INVENTION Accordingly, it is a primary object of the invention to provide
an effective and very manufacturable process for fabricating a capacitor in
the fabrication of integrated circuits. Another object of the present
invention is to provide a method for fabricating a high-density
high-capacity capacitor in the fabrication of integrated circuits. A
further object of the present invention is 



to, provide a method for fabricating a high-density high capacity capacitor
in a process compatible with the double poly layer process in the
fabrication of integrated circuits. In accordance with the objects of this
invention, a method for fabricating a high-density high capacity capacitor
is achieved. A dielectric layer is provided overlying a semiconductor
substrate. A sacrificial layer is deposited overlying the dielectric layer
and patterned to form a pattern having a large surface area 2   1 6 SEP
2004 within a small area on the substrate. Spacers are formed on sidewalls
of the patterned sacrificial layer. Thereafter, the sacrificial layer is
removed. A bottom capacitor plate layer is conformally deposited overlying
the spacers. A capacitor dielectric layer is deposited overlying the bottom
capacitor plate layer. A top capacitor plate layer is deposited overlying
the capacitor dielectric layer and pattern to complete fabrication of a
high-density high capacity capacitor. Also in accordance with the objects
of this invention, another method for fabricating a high-density
high-capacity capacitor is achieved. A dielectric layer is provided
overlying a semiconductor substrate. A sacrificial layer is deposited
overlying the dielectric layer and patterned to form a pattern having a
large surface area within a small area on said substrate. A bottom
capacitor plate layer is deposited overlying the patterned sacrificial
layer and etched to leave spacers on sidewalls of the patterned sacrificial
layer. Thereafter, the sacrificial layer is removed. A capacitor dielectric
layer is conformally deposited overlying the bottom capacitor plate layer.
A top capacitor plate layer is deposited overlying the capacitor dielectric
layer and patterned to complete fabrication of a high-density high-capacity
capacitor. 3 



1 6 SEP 2004! BRIEF DESCRIPTION OF THE DRAWINGS In the following drawings
forming a material part of this description, there is shown: Figs. 1
through 7 are schematic crosssectional representations of a first preferred
embodiment of the present invention. Figs. 8, 9, 11 through 13, 15, and 16
are schematic cross-sectional representations of a second preferred
embodiment of the present invention. Fig. 10 is a top view of Fig. 9 in the
second preferred embodiment of the present invention. Fig. 14 is a top view
of Fig. 13 in the second preferred embodiment of the present invention.
Fig. 17 is a top view of Fig. 16 in the second preferred embodiment of the
present invention. 4   1 6 SEP 2004 DESCRIPTION OF THE PREFERRED
EMBODIMENTS The process of the present invention provides a method for
fabricating a capacitor having a very large capacitor surface area, thus
achieving high capacitance on minimum chip area. Two preferred embodiments
of the present invention are described below. The first embodiment of the
present invention will be described with reference to Figs. 1 through 7.
The second embodiment of the invention will be described with reference to
Figs. 8 through 17. It will be understood by those skilled in the art that
the process of the present invention should not be limited to the two
embodiments described herein, but can be extended and applied to other
capacitor configurations. The first preferred embodiment of the present
invention will now be described with reference to Figs. 1 through 7.
Referring now more particularly to Fig. 1, there is shown a partially
completed integrated circuit device. The semiconductor substrate 10 is
preferably composed of silicon having a (100) crystallographic orientation.
Semiconductor device structures are formed- in and on the semiconductor
substrate. These may include gate electrodes and interconnection lines and
associated source and drain regions and lower levels of metallization. The
semiconductor S   



1 6 SEP 2004 device structures, not shown, may be formed in layer 14 and
covered with an insulating layer. Now, a dielectric layer 16 is formed over
the layer 14. Layer 16 may be silicon oxide having a thickness of between
l00 and 300 Angstroms. Now, a sacrificial polysilicon layer 16 is deposited
by chemical vapor deposition (CVD) over the oxide layer 18 to a thickness
of between about 2000 and 5000 Angstroms. The sacrificial polysilicon layer
18 is patterned as shown in Fig 2 for a minimum spacing between polysilicon
lines. A dielectric layer 20 is deposited conformally over the patterned
sacrificial polysilicon layer 18, as shown in Fig. 3. the dielectric layer
20 may comprise silicon nitride or ONO (silicon oxide/silicon
nitride/silicon oxide) and may have a thickness of between about l00 and
500 Angstroms. The dielectric layer 20 is anistropically etched back to
leave spacers 22 on the sidewalls of the patterned sacrificial polysilicon
layer 18, as shown in Fig. 9. 6   1 6 SEP 2004 Referring now to Fig. 5, the
sacrificial polysilicon layer 18 is etched away using a high selectivity
etching, leaving the dielectric spacers 22 as pillars over the oxide layer
16. The high selectivity etching may use Clz/HBr/Oz chemistry, for example.
Now, the bottom plate polysilicon layer 30 is deposited conformally over
the oxide layer and the dielectric spacers 22. Because of the topography of
the dielectric spacers over the oxide layer, the bottom plate polysilicon
is "corrugated," resulting in a large surface area, but within a minimum
chip area. The bottom plate polysilicon is shown in Fig. 6. Referring now
to Fig. 7, a capacitor dielectric layer 32 is deposited over the bottom
capacitor plate 30. The capacitor dielectric may comprise silicon nitride,
silicon oxynitride, ONO (oxide/nitride/oxide), NO (nitride/oxide), or any
other suitable dielectric. The thickness of the capacitor dielectric layer
32 is typically between about 100 and 300 Angstroms. The top polysilicon
plate layer 36 is deposited to a thickness of between about 1000 and 3000
Angstroms and patterned to complete fabrication of the capacitor of the
invention. 7   



1 6 SEP 2004 The process of the invention provides a method , for forming a
capacitor having a large surface area, but on a minimum chip area, thus
providing a high-density capacitor. The capacitor surface area can be
well-controlled by varying the thickness of the sacrificial polysilicon
layer. The second preferred embodiment of the present invention will now be
described with reference to Figs. 8 through 17. Referring now more
particularly to Fig. 8, there is shown a partially completed integrated
circuit device. The semiconductor substrate 10 is preferably composed of
silicon having a (100) crystallographic orientation. Semiconductor device
structures may be formed in and on the semiconductor substrate. These may
include gate electrodes and interconnection lines and associated source and
drain regions and lower levels of metallization. Alternatively, the
capacitor may be formed over an isolation region in a semiconductor
substrate: This second alternative will be illustrated in the figures, but
it should be understood that the capacitor of the invention may be formed
in any appropriate layer of the integrated circuit. For example, shallow
trench isolation region 12 has been formed in the semiconductor substrate
10 as is conventional in the art. 8   1 6 SEP 2004' Now, a silicon oxide
layer 16 is formed over , the substrate, such as by thermal oxidation or by
chemical vapor deposition, to a thickness of between about 100 and 300
Angstroms. Then a silicon nitride layer 42 is deposited by CVD over the
oxide layer 16 to a thickness of between about 2000 and 5000 Angstroms. The
nitride layer 42 is patterned as shown in Fig_ 9 and as shown in top view
in Fig. 10. The nitride layer is patterned to have a large surface area
within a small area on the substrate. A polysilicon layer 46 is deposited
conformally over the patterned nitride layer 42, as shown in Fig. 11. The
polysilicon layer 46 may have a thickness of between about 500 and 1500
Angstroms. The polysilicon layer 46 is anisotropically etched back to leave
polysilicon spacers 48 on the sidewalk of the patterned nitride layer 42,
as shown in Fig. 12. Referring now to Fig. 13, the nitride layer 42 is
etched away using a wet etching method. This leaves only the polysilicon
spacers 48. Fig. 14 shows a top view of the polysilicon 48. The polysilicon
48 forms the bottom plate 9   



1 6 SEP 2004 electrode. It can be seen from the top view in Fig. 14 that ,
the bottom plate electrode 48 has a large surface area within a small chip
area because of the patterning of the nitride layer. Referring now to Fig.
15, a capacitor dielectric layer 52 is deposited over the bottom capacitor
plate 48. The capacitor dielectric may comprises silicon nitride, silicon
oxynitride, ONO (oxide/nitride/oxide), NO (nitride/oxide), or any other
suitable dielectric. The thickness of the capacitor dielectric layer 52 is
typically between about 100 and 300 Angstroms. The top polysilicon plate
layer 56 is deposited to a thickness of between about 1000 and 3000
Angstroms. Referring now to Figs. 16 and 17, the top polysilicon layer 56
is patterned to form a polysilicon gate 58 and to form the top capacitor
plate 60 with a contact opening 62. Processing then continues as is
conventional in the art to complete fabrication of the integrated circuit.
The process of the invention provides a method for forming a capacitor
having a large surface area, but on a minimum chip area, thus providing a
high-density capacitor. This embodiment of the invention is compatible with
the 10   1 ~ SEP 2004 double polysilicon layer process The formation of the
top ' , capacitor plate is combined with the polysilicon gate formation.
The process of the present invention provides methods to form a
high-density high-capacity capacitor by using a sacrificial layer which is
patterned to form a large surface area on a small chip area. This allows
the bottom capacitor plate to be formed such that it has a large surface
area within a minimum chip area. While the invention has been particularly
shown and described with reference to the preferred embodiments thereof, it
will be understood by those skilled 



in the art that various changes in form and details may be made without
departing from the spirit and scope of the invention. 11   1 6 SEP 2004
What is claimed ~a: 1. A method for fabricating a high-density
high-capacity capacitor comprising: providing a dielectric layer overlying
a semiconductor substrate; depositing a sacrificial layer overlying said
dielectric layer and patterning said sacrificial layer to form a pattern
having a large surface area within a small area on said substrate; forming
spacers on sidewalk of said patterned 10 sacrificial layer; thereafter
removing said sacrificial layer; conformally depositing a bottom capacitor
plate layer overlying said spacers; depositing a capacitor dielectric layer
overlying 15 said bottom capacitor plate layer; and depositing a top
capacitor plate layer overlying said capacitor dielectric layer and
patterning said top capacitor plate layer to complete said fabrication of
said high-density high-capacity capacitor. 2. The method according to Claim
1 wherein said semiconductor substrate includes semiconductor device
structures such as gate electrodes and source and drain regions. 12   1 6
SEP 2004 `' 3. The method according to Claim 1 wherein said , dielectric
layer comprises silicon oxide. 4. The method according to Claim 1 wherein
said sacrificial layer comprises polysilicon. 5. The method according to
Claim 1 wherein said sacrificial layer has a thickness of between about
2000 ' and 5000 Angstroms. 6. The method according to Claim 1 wherein said
spacer layer comprises one of the group containing. silicon nitride and
ONO. 



7. The method according to Claim 1 wherein said capacitor dielectric layer
comprises one of the group containing: ONO, silicon oxynitride, silicon
nitride, and NO (nitride/oxide). 8. A method for fabricating a high-density
high-capacity capacitor comprising: providing a dielectric layer overlying
a semiconductor substrate; 5 depositing a sacrificial layer overlying said
dielectric layer and patterning said sacrificial layer 13   1 6 SEP 2004 to
form a corrugated pattern having a large surface area within a small area
on said substrate; conformally depositing a bottom capacitor plate layer
overlying said pattern sacrificial layer and etching said bottom capacitor
plate layer to leave spacers on sidewalls of said patterned sacrificial
layer; thereafter removing said sacrificial layer; conformally depositing a
capacitor dielectric layer overlying said bottom capacitor plate layer; and
depositing a top capacitor plate layer overlying said capacitor dielectric
layer and patterning said top capacitor plate layer to complete said
fabrication of said high-density high-capacity capacitor. 9. The method
according to Claim 8 wherein said an isolation 



layer is formed in semiconductor substrate and wherein said capacitor is
formed overlying said isolation layer. 10. The method according to Claim 8
wherein said dielectric layer comprises silicon oxide. 11. The method
according to Claim 8 wherein said sacrificial layer comprises silicon
nitride. 14   1 6 SEP 2004 12. The method according to Claim 8 wherein said
bottom capacitor plate layer comprises polysilicon. 13. The method
according to Claim 8 wherein said capacitor dielectric layer comprises one
of the group containing: ONO, silicon oxynitride, silicon nitride, and NO
(nitride/oxide). 14. The method according to Claim 8 wherein said top
capacitor plate layer comprises polysilicon. 15. A method for fabricating a
high-density high-capacity capacitor comprising: forming a shallow trench
isolation region within a semiconductor substrate wherein said capacitor
will be formed overlying said shallow trench isolation region; forming a
dielectric layer overlying said semiconductor 



substrate; depositing a sacrificial layer overlying said dielectric layer
and patterning said sacrificial layer to form a corrugated pattern having a
large surface area within a small area on said substrate; conformally
depositing a bottom capacitor plate layer overlying said patterned
sacrificial layer and etching said bottom capacitor plate layer to leave 15
1 6 SEP 2004 15 spacers on sidewalls of said, patterned sacrificial layer;
thereafter removing said sacrificial layer; conformally depositing a
capacitor dielectric layer overlying said bottom capacitor plate layer; 20
depositing a top capacitor plate layer overlying said capacitor dielectric
layer; and patterning said top capacitor plate layer to form a a gate
electrode in an active area of said semiconductor substrate not overlying
said shallow trench isolation 25 region and to form a top capacitor plate
overlying said bottom capacitor plate layer wherein a contact opening is
formed through said top capacitor plate layer and 



through said capacitor dielectric layer to a portion of said bottom
capacitor plate layer to complete said 30 fabrication of said high-density
high-capacity capacitor. 16. The method according to Claim 15 wherein said
dielectric layer comprises silicon oxide. 17. The method according to Claim
15 wherein said sacrificial layer comprises silicon nitride. 16   ~16 SEP
2004 18. The method according to Claim l5 wherein said bottom capacitor
plate layer comprises polysilicon. 19. The method according to Claim 15
wherein said capacitor dielectric layer comprises one of the group
containing: ONO, silicon oxynitride; silicon nitride, and NO
(nitride/oxide). 20. The method according to Claim 15 wherein said top
capacitor plate layer comprises polysilicon. 17
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