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(57) ABSTRACT 

A method of forming minimally spaced word lines is dis 
closed. A double exposure technique is employed at the gate 
formation level. A Small trench is defined through gate Stack 
layers by using a tapered etch or Spacers to achieve the 
desired width of the trench. A filler material fills the trench 
and forms a filler plug. The gate layers adjacent to the trench 
are then patterned and etched and the filler plug is removed 
to obtain gate Stacks Spaced apart by a distance of less than 
about 400 Angstroms. 
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METHOD OF FORMING MINIMALLY SPACED 
WORD LINES 

FIELD OF THE INVENTION 

0001. The present invention relates to an improved semi 
conductor Structure for high density device arrays, and in 
particular to a DRAM cell array and a proceSS for its 
formation. 

BACKGROUND OF THE INVENTION 

0002. Two major types of random access memory cells 
dynamic and Static-are currently used in the Semiconductor 
industry. Dynamic random-access memories (DRAM) can 
be programmed to Store a Voltage which represents one of 
two binary values, but require periodic reprogramming or 
“refreshing to maintain this Voltage for more than very 
Short time periods. Static random-access memory are So 
called because they do not require periodic refreshing. 
0.003 DRAM memory circuits are manufactured by rep 
licating millions of identical circuit elements, known as 
DRAM cells, on a single semiconductor wafer. Each DRAM 
cell is an addressable location that can Store one bit (binary 
digit) of data. In its most common form, a DRAM cell 
consists of two circuit components, a filed effect transistor 
(FET) and a capacitor. 
0004 FIG. 1 illustrates a portion of a DRAM memory 
circuit containing two neighboring DRAM cells 42. For 
each cell, the capacitor 44 has two connections, which are 
located on opposite sides of capacitor 44. The first connec 
tion is to a reference Voltage, which is typically one half of 
the internal operating Voltage (the Voltage corresponding to 
a logical “1” signal) of the circuit. The Second connection is 
to the drain of the FET 46. The gate of the FET 46 is 
connected to the word line 48, and the Source of the PET is 
connected to the bit line 50. This connection enables the 
word line 48 to control access to the capacitor 44 by 
allowing or preventing a signal (a logical “0” or a logical 
“1”) on the bit line 50 to be written to or read from the 
capacitor 44. 
0005. The manufacturing of a DRAM cell includes the 
fabrication of a transistor, a capacitor, and Several contacts, 
including one each to the bit line, the word line, and the 
reference Voltage. DRAM manufacturing is a highly com 
petitive business. There is continuous pressure to decrease 
the size of individual cells and to increase memory cell 
density to allow more memory to be Squeezed onto a single 
memory chip, especially for densities greater than 256 
Megabits. Limitations on cell size reduction include the 
passage of both active and passive word lines through the 
cell, the Size of the capacitor, and the compatibility of array 
devices with non-array devices. 
0006. A drawback of conventional DRAM fabrication is 
the inability of the process to achieve a minimal space or 
minimal critical dimension (CD) between two adjacent word 
lines and, consequently, between two adjacent memory 
cells. To illustrate this drawback, reference is made to FIG. 
2 which shows a top view of a conventional DRAM array 
layout 20 formed over a semiconductor substrate 10. Four 
word lines 48a, 48b, 48c and 48d intersect three bit lines 50 
to define six field effect transistors 46a, 46b, 46c, 46d, 46e 
and 46f. The DRAM array layout 20 also illustrates four bit 
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contacts 52 as well as Six cell capacitor nodes 44 disposed 
adjacent to respective field effect transistors. The Space 
between two adjacent word lines, for example between word 
lines 48b and 48c, is represented in FIG. 2 as dimension D. 
This space is typically required to optically Separate the 
adjacent word lines during photolithography. 

0007 FIG. 3 illustrates a cross-sectional view of the 
conventional DRAM array layout 20, taken along line 3-3', 
but at an earlier Stage of processing. AS shown in FIG. 3, the 
two adjacent word lines 48b and 48c are spaced apart at the 
distance D. Also shown formed on the Semiconductor Sub 
Strate 10 are a field oxide region 12 and Source and drain 
regions 14b, 16b, 14e and 16e of the field effect transistors 
46b and 46e (FIG. 2), respectively. With increasing packing 
density of DRAM cells, it is desirable for the distance D 
(FIGS. 2-3) to decrease to values below 500 Angstroms, and 
preferably to less than or equal to 300 Angstroms, or even 
less than 100 Angstroms, but current lithography technolo 
gies do not afford these values. The decrease in the distance 
D between the two adjacent word lines 48b and 48c would 
in turn confer more device area for the adjacent field effect 
transistors 46b and 46e, respectively, as well as for the cell 
capacitor nodes 44 adjacent to field effect transistors 46b and 
46e. AS known in the art, the cell capacitor nodes, for 
example, require maximum area to allow Self-aligned etches 
and to achieve good contact resistance. 
0008 Conventional folded bit line cells of the 256 Mbit 
generation with planar devices have been created to a size of 
at least 8F, where F is the minimum lithographic feature 
size. If a folded bit line is not used, the cell may be reduced 
to 6F or 4F. Cell sizes of 4F may be achieved by using 
vertical transistors stacked either below or above the cell 
capacitors, to form, for example, the So-called “cross-cell 
points,” which have a memory cell located at the interSection 
of each bit line and each word line. However, these cells are 
expensive and difficult to fabricate because the Structure of 
the array devices is typically incompatible with that of the 
non-array devices. 
0009. There is needed, therefore, an improved method for 
fabricating memory Structures having word lines which are 
minimally spaced from each other, as well as a method for 
decreasing the distance between two adjacent word lines 
formed on an integrated circuit. There is also a need for 
decreasing the minimum lithographic feature Size in a 
DRAM array and, consequently, the size of the DRAM cell, 
as well as a method for increasing the memory cell density. 

BRIEF SUMMARY OF THE INVENTION 

0010. The present invention provides a double exposure 
photolithography technique at the gate level for fabricating 
minimally Spaced word lines of a memory cell array. 
0011. In one exemplary embodiment, a plurality of gate 
Stack layers covered by an insulating material are formed 
over a Semiconductor Substrate. A first mask defines Small 
trenches, with a width of about 400 Angstroms to about 
1,000 Angstroms, for electrical Separation of adjacent word 
lines. For this, a tapered etch is used to obtain a tapered 
opening in the insulating material, of about 100 Angstroms 
to about 400 Angstroms at the bottom, after which small 
trenches are etched through the gate Stack layers. After 
formation of the Small trenches, the trenches are filled with 
a filler material. A Second mask is used to conventionally 
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pattern and etch the gate Stack layers adjacent to the Small 
trenches. After the removal of the filler material from the 
Small trenches, the gate Stacks remain minimally Spaced on 
the Semiconductor Substrate. 

0012. In a second exemplary embodiment, a plurality of 
gate Stack layers covered by an insulating material are 
formed over a Semiconductor Substrate. A first mask defines 
small trenches, with a width of about 400 Angstroms to 
about 1,000 Angstroms, for electrical Separation of adjacent 
word lines. An opening is formed in the insulating material, 
after which spacers are formed on the sidewalls of the 
opening So that Small trenches, of about 100 Angstroms to 
about 400 Angstroms, are etched through the gate Stack 
layers. After formation of the Small trenches, the trenches 
are filled with a filler material. A Second mask is used to 
conventionally pattern and etch the gate Stack layers adja 
cent to the Small trenches. After the removal of the filler 
material from the Small trenches, the gate Stacks remain 
minimally Spaced on the Semiconductor Substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 FIG. 1 is a schematic view of a conventional 
DRAM cell. 

0.014 FIG. 2 is a schematic view of a conventional 
DRAM array layout illustrating the critical dimension CD 
between two adjacent word lines. 
0.015 FIG. 3 a cross-sectional view of the conventional 
DRAM array layout of FIG. 2, taken along line 3-3', but at 
an earlier Stage of processing and illustrating the critical 
dimension CD between two adjacent gate StackS. 
0016 FIG. 4 is a partial cross-sectional view of a semi 
conductor Substrate at an intermediate Stage of processing, 
wherein a DRAM structure will be constructed according to 
the present invention. 
0017 FIG. 5 is a partial cross-sectional view of the 
DRAM structure of FIG. 4 at a stage of processing Subse 
quent to that shown in FIG. 4. 
0.018 FIG. 6 is a partial cross-sectional view of the 
DRAM structure of FIG. 4 at a stage of processing Subse 
quent to that shown in FIG. 5. 
0019 FIG. 7 is a partial cross-sectional view of the 
DRAM structure of FIG. 4 at a stage of processing Subse 
quent to that shown in FIG. 6. 
0020 FIG. 8 is a partial cross-sectional view of the 
DRAM structure of FIG. 4 at a stage of processing Subse 
quent to that shown in FIG. 7. 
0021 FIG. 9 is a partial cross-sectional view of the 
DRAM structure of FIG. 4 at a stage of processing Subse 
quent to that shown in FIG. 8. 
0022 FIG. 10 is a partial cross-sectional view of the 
DRAM structure of FIG. 4 at a stage of processing Subse 
quent to that shown in FIG. 9 and in accordance with a first 
embodiment of the present invention. 
0023 FIG. 11 is a partial cross-sectional view of the 
DRAM structure of FIG. 9 at a stage of processing Subse 
quent to that shown in FIG. 10. 
0024 FIG. 12 is a partial cross-sectional view of the 
DRAM structure of FIG. 9 at a stage of processing Subse 
quent to that shown in FIG. 11. 
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0025 FIG. 13 is a partial cross-sectional view of the 
DRAM structure of FIG. 9 at a stage of processing subse 
quent to that shown in FIG. 12. 
0026 FIG. 14 is a partial cross-sectional view of the 
DRAM structure of FIG. 9 at a stage of processing subse 
quent to that shown in FIG. 13. 
0027 FIG. 15 is a partial cross-sectional view of the 
DRAM structure of FIG. 9 at a stage of processing subse 
quent to that shown in FIG. 14. 
0028 FIG. 16 is a partial cross-sectional view of the 
DRAM structure of FIG. 9 at a stage of processing subse 
quent to that shown in FIG. 15. 
0029 FIG. 17 is a partial cross-sectional view of the 
DRAM structure of FIG. 9 at a stage of processing subse 
quent to that shown in FIG. 16. 
0030 FIG. 18 is a partial cross-sectional view of the 
DRAM structure of FIG. 9 at a stage of processing subse 
quent to that shown in FIG. 17. 
0031 FIG. 19 is a schematic view of DRAM array layout 
including the DRAM structure fabricated according to the 
first embodiment of the present invention. 
0032 FIG. 20 is a partial cross-sectional view of the 
DRAM structure of FIG. 4 at a stage of processing subse 
quent to that shown in FIG. 9 and in accordance with a 
Second embodiment of the present invention. 
0033 FIG. 21 is a partial cross-sectional view of the 
DRAM structure of FIG. 9 at a stage of processing subse 
quent to that shown in FIG. 20. 
0034 FIG. 22 is a partial cross-sectional view of the 
DRAM structure of FIG. 9 at a stage of processing subse 
quent to that shown in FIG. 21. 
0035 FIG. 23 is a partial cross-sectional view of the 
DRAM structure of FIG. 9 at a stage of processing subse 
quent to that shown in FIG. 22. 
0036 FIG. 24 is a partial cross-sectional view of the 
DRAM structure of FIG. 9 at a stage of processing subse 
quent to that shown in FIG. 23. 
0037 FIG. 25 is a partial cross-sectional view of the 
DRAM structure of FIG. 9 at a stage of processing subse 
quent to that shown in FIG. 24. 
0038 FIG. 26 is a partial cross-sectional view of the 
DRAM structure of FIG. 9 at a stage of processing subse 
quent to that shown in FIG. 25. 
0039 FIG. 27 is a partial cross-sectional view of the 
DRAM structure of FIG. 9 at a stage of processing subse 
quent to that shown in FIG. 26. 
0040 FIG.28 is a schematic view of DRAM array layout 
including the DRAM structure fabricated according to the 
Second embodiment of the present invention. 
0041 FIG. 29 is a schematic diagram of a processor 
System incorporating a DRAM Structure of the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0042. In the following detailed description, reference is 
made to various exemplary embodiments of the invention. 
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These embodiments are described with Sufficient detail to 
enable those skilled in the art to practice the invention, and 
it is to be understood that other embodiments may be 
employed, and that is structural and electrical changes may 
be made without departing from the Spirit or Scope of the 
present invention. 
0043. The term “substrate” used in the following descrip 
tion may include any Semiconductor-based Structure that has 
an exposed Semiconductor Surface. Structure must be under 
stood to include Silicon, Silicon-on insulator (SOI), Silicon 
on Sapphire (SOS), doped and undoped semiconductors, 
epitaxial layers of Silicon Supported by a base Semiconductor 
foundation, and other Semiconductor Structures. The Semi 
conductor need not be Silicon-based. The Semiconductor 
could be Silicon-germanium, germanium, or gallium arS 
enide. When reference is made to substrate in the following 
description, previous process Steps may have been utilized 
to form regions or junctions in or on the base Semiconductor 
or foundation. 

0044) The present invention provides a method for fab 
ricating minimally Spaced word lines of a memory array on 
a Semiconductor Substrate. The present invention employs a 
double exposure photolithography technique at the gate 
formation level. A first mask defines Small trenches, with a 
width of about 100 Angstroms to about 400 Angstroms, for 
electrical Separation of adjacent word lines. According to 
different embodiments, tapered etch or a Spacer etch are used 
to obtain the Small trenches through gate Stack layerS and an 
insulating layer formed over the gate Stack layers. After 
formation of the Small trenches, the trenches are filled with 
an filler material and a Second mask is used for the conven 
tional patterning and etching of the gate Stack layers adja 
cent to the Small trenches. After the removal of the filler 
material from the Small trenches, the gate Stacks remain 
minimally Spaced on the Semiconductor Substrate. 
0.045 Referring now to the drawings, where like ele 
ments are designated by like reference numerals, FIGS. 
4-28 illustrate exemplary embodiments of methods of form 
ing minimally spaced word lines of a DRAM memory array 
100 (FIG. 19), 200 (FIG. 28). The FIG. 4 structure depicts 
a portion of a semiconductor Substrate 51 having a well 52, 
which is typically doped to a predetermined conductivity, for 
example, p-type or n-type, depending on whether NMOS or 
PMOS transistors will be formed. The structure further 
includes isolation region 53, which may be a field oxide 
(FOX) region, for example, and which has been already 
formed according to conventional Semiconductor processing 
techniques. 

0046) Next, as illustrated in FIG. 5, a thin oxide layer 54 
is deposited or grown over the Semiconductor Substrate 51 
and the isolation region 53 to a thickness of about 50 
Angstroms to about 200 Angstroms. The thin oxide layer 54, 
which will eventually function as a gate oxide, may be 
formed of Silicon oxide, for example, by thermal oxidation 
of the silicon Substrate at about 600 C. to about 800° C. in 
the presence of oxygen. 

0047. A polysilicon layer 56 (FIG. 5) is next formed, to 
a thickness of about 300 Angstroms to about 3,000 Ang 
Stroms, using conventional techniques Such as chemical 
vapor deposition (CVD) or plasma enhanced chemical vapor 
deposition (PECVD). The polysilicon layer 56 may be also 
doped by ion implantation, for example with both n-type and 
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p-type dopants through different regions of the wafer, by 
using photolithographic masking and ion implantation. 
0048 Referring now to FIG. 6, a metal silicide layer 58 
is next formed, to a thickness of about 500 Angstroms to 
about 1,000 Angstroms, by low pressure chemical vapor 
deposition (LPCVD) or similar deposition methods. Pre 
ferred metal Silicides are, for example, tungsten Silicides 
(WSi) or titanium silicides (TiSi), which are deposited 
with fluorine-containing reaction gases, Such as WP and 
SiH. Because the fluorine atoms tend to diffuse through the 
polysilicon layer 56 and into the thin oxide layer 54 when 
the gate Structure is eventually annealed at high tempera 
tures, a thin diffusion barrier layer (not shown) may be 
formed between the polysilicon layer 56 and the thin oxide 
layer 54 to reduce the diffusion of the fluorine atoms. 
0049. An insulating layer 59 is next formed over the 
metal silicide layer 58, as shown in FIG. 7. In an exemplary 
embodiment of the invention, the insulating layer 59 is 
blanket deposited by Spin coating to a thickness of about 
1,000 Angstroms to about 10,000 Angstroms. However, 
other known deposition methods, Such as Sputtering by 
chemical vapor deposition (CVD), plasma enhanced CVD 
(PECVD) or physical vapor deposition (PVD), may be used 
also in accordance with the characteristics of the IC device 
already formed. The insulating layer 59 may be formed of a 
conventional insulator, for example, a nitride Such as SiN., 
or a thermal oxide of silicon, such as SiO or SiO. Alter 
natively, a high temperature polymer, Such as a polyimide, 
or a low dielectric constant inorganic material may also be 
employed. 
0050. Next, as illustrated in FIG. 8, a photoresist layer 60 
is formed over the insulating layer 59. The photoresist layer 
60 is exposed through a mask 61 (FIG. 8) with high 
intensity UV light. The mask 61 may include any suitable 
pattern of opaque and clear regions that may depend, for 
example, on the desired pattern to be formed in the insulat 
ing layer 59. This way, portion 60a (FIG. 8) of the photo 
resist layer 60 is exposed through portion 61a (FIG. 8) of the 
mask 61 where a portion of the insulating layer 59 needs to 
be removed. Although FIG. 8 schematically illustrates mask 
56 positioned over the photoresist layer 60, those skilled in 
the art will appreciate that mask 61 is typically Spaced from 
the photoresist layer 60 and light passing through mask 61 
is focussed onto the photoresist layer 60. 
0051. After exposure and development of the exposed 
portion 60a and after removal of the mask 61, portions 60b 
of unexposed and undeveloped photoresist are left over the 
insulating layer 59. This way, a first opening 62 is formed 
through the photoresist layer 60 with a width W of about 
1,000 Angstroms to about 3,000 Angstroms, as shown in 
FIG 9. 

0052 According to an exemplary embodiment of the 
invention, a tapered dry etch is next performed through the 
insulating layer 59 to reach the optimum critical dimension 
CD in a second opening 63, as illustrated in FIG. 10. The 
tapered dry etch may be a conventional plasma etch or a 
reactive ion etch (RIE), for example, which allows control of 
the exposure rate to define the critical dimension CD (FIG. 
10) in the second opening 63, in accordance with the 
particular characteristics of the insulating material of the 
insulating layer 59. For example, if the insulating layer 59 is 
formed of Silicon nitride (SiN), a plasma etch may be 
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employed to allow the deposition of long polymer chains on 
the Sidewalls of the Second opening 63. For example, a 
CHF, or CF, plasma may be used so that carbon atoms, from 
the CHF/CF plasma or the photoresist 60, react with the 
fluorine atoms from the CHF/CF plasma to form Teflon 
that deposits on the sidewalls of the second opening 63. By 
using a tapered etch, the Second opening 63 is defined by an 
upper width W of about 1,000 Angstroms to about 3,000 
Angstroms and by a lower critical dimension CD of about 
100 Angstroms to about 400 Angstroms, more preferably of 
about 100 Angstroms to about 300 Angstroms. 

0053) Reference is now made to FIG. 11. After formation 
of the second opening 63 (FIG. 10) through the insulating 
layer 59, the structure of FIG. 10 is next etched to form a 
trench 64 through the metal silicide layer 58, the polysilicon 
layer 56 and the thin oxide layer 54. The trench 64 has a 
critical dimension CD width of about 100 Angstroms to 
about 400 Angstroms, more preferably of about 100 Ang 
stroms to about 300 Angstroms. The etchant may be a low 
plasma density with good vertical profile and high Selectiv 
ity to the insulating material of the insulating layer 59, which 
may be Silicon nitride, for example. Subsequent to the 
formation of the trench 64, the remaining portions 60b of the 
photoresist layer 60 are then removed by chemicals, Such as 
hot acetone or methylethylketone, or by flooding the Sub 
strate 51 with UV irradiation to degrade the remaining 
portions 60b to obtain the structure of FIG. 12. 

0054 Subsequent to the formation of the trench 64 
(FIGS. 11-12) and the removal of the photoresist portions 
60b, both the trench 64 and the second opening 63 are filled 
with a filler material 65 (FIG. 13), which may be blanket 
deposited by Spin coating or Sputtered by chemical vapor 
deposition (CVD), plasma enhanced CVD (PECVD) or 
physical vapor deposition (PVD), and then planarized by 
chemical mechanical polishing (CMP), for example. The 
filler material 65 may be formed of a conventional insulator, 
for example, a nitride Such as SiN., or a thermal oxide of 
silicon such as SiO or SiO2. In a preferred embodiment of 
the invention, the filler material 65 is formed of a material 
similar to that of the insulating layer 59. 

0.055 The processing steps for the gate stack formation 
and for completion of the DRAM memory array 100 (FIG. 
19) are now carried out. AS Such, using conventional pho 
tolithography and etching techniques, the thin oxide layer 
54, the polysilicon layer 56, the metal silicide layer 58 and 
the insulating layer 59 are patterned and etched for the 
Second time to form the desired gate Stack Structures 70, 
illustrated in FIG. 14. Subsequent to the removal of the 
insulating material 59 and of the filler material 65 from atop 
the gate stack structures 70, four gate stacks 70a, 70b, 70c 
and 70d (FIG. 15) are formed over the semiconductor 
substrate 51. Adjacent gate stacks 70b, 70c formed by the 
method of the present invention are minimally Spaced apart 
by critical dimension CD, which is of about 100 Angstroms 
to about 400 Angstroms, more preferably of about 100 
Angstroms to about 300 Angstroms. Capacitor cell nodes 
87a and 89a are defined by adjacent gate stacks 70a, 70b, 
70c and 70d, respectively, as shown in FIG. 15. Two bit 
contacts 91a and 93a are also defined by the gate stacks 70a 
and 70d, respectively, as also shown in FIG. 15. 

0056. After the formation of the gate stacks 70a, 70b, 70c 
and 70d (FIG. 15), nitride spacers 55 (FIG. 16) and nitride 
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caps 66 (FIG.16) may be formed on the sidewalls and tops 
of the gate Stacks, and Source and drain regions 82a, 82b and 
84a, 84b (FIG. 17) are formed to complete the formation of 
the field effect transistors 83 and 85. Multi-layer capacitors 
87 and 89 (FIG. 18) and associated conductive plugs 84, 86 
(FIG. 18), and bit conductors 91 and 93 (FIG. 18) are 
formed to complete the formation of the DRAM array 100 
(FIG. 19). A top view of the DRAM array 100 is illustrated 
in FIG. 19, where the word lines 70b and 70c are spaced 
apart by the minimal distance CD. 
0057. In yet another embodiment of the invention, the 
word lines of the DRAM array 100 may be minimally 
Spaced apart by using a Spacer etch instead of the tapered 
etch, which was described above. This embodiment is illus 
trated in FIGS. 20-28. FIG. 20 is an illustration of the FIG. 
9 Structure, but at a stage of processing Subsequent to that 
shown in FIG. 9. As shown in FIG. 20, a third opening 94 
is formed within the insulating layer 59, by vertically 
etching the insulating layer 59 with a dry etch, for example, 
to a width W of about 1,000 Angstroms to about 3,000 
Angstroms. 

0.058 After removal of the photoresist 60b, a pair of 
spacers 95a, 95b are formed on the inner sidewalls of the 
third opening 94, as shown in FIG. 21. The spacers 95a, 95b 
are formed on the sidewalls of the third opening 94 by 
deposition, for example, each to a thickness of about 450 
Angstroms to about 1,300 Angstroms. This way, the width 
W (FIG. 20) of the third opening 94 is further reduced to 
achieve optimum critical dimension CD, as illustrated in 
FIG. 21. The spacers 95a, 95b may be formed of a nitride 
material, for example Silicon nitride (SiN.), but other 
insulating materials. Such as oxides may be employed also, 
as desired. 

0059 Subsequent to the spacer formation, the structure of 
FIG. 21 is etched to form a trench 64a (FIG.22) through the 
metal silicide layer 58, the polysilicon layer 56 and the thin 
oxide layer 54. The trench 64a has a critical dimension CD 
of about 100 Angstroms to about 400 Angstroms, more 
preferably of about 100 Angstroms to about 300 Angstroms. 
The etchant may be a low plasma density with good vertical 
profile, high Selectivity to the insulating material of the 
insulating layer 59, which may be silicon nitride, for 
example, and which could stop on the field oxide region 53. 
0060 Subsequent to the formation of the trench 64a 
(FIG. 22), both the third opening 94 and the trench 64a are 
filled with a filler material 65a (FIG. 23), which may be 
blanket deposited by Spin coating or Sputtered by chemical 
vapor deposition (CVD), plasma enhanced CVD (PECVD) 
or physical vapor deposition (PVD), and then planarized by 
chemical mechanical polishing (CMP), for example. AS in 
the previous embodiment, the filler material 65a may be 
formed of a conventional insulator, for example, a nitride 
Such as SiN., or a thermal oxide of Silicon, Such as SiO or 
SiO. In a preferred embodiment of the invention, the filler 
material 65a is formed of a material similar to that of the 
insulating layer 59 and/or the spacers 95a, 95b. 
0061. At this point, the processing steps for the gate Stack 
formation proceed as described above with reference to 
FIGS. 14-18. As such, using conventional photolithography 
and etching techniques, the thin oxide layer 54, the poly 
silicon layer 56, the metal silicide layer 58 and the insulating 
layer 59 are patterned and etched to form the desired gate 
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stack structures 170, illustrated in FIG. 24. Subsequent to 
the removal of the insulating material 59 and of the filler 
material 65a from atop the gate stack structures 170, four 
gate stacks 170a, 170b, 170c and 170d (FIG. 25) are left 
over the Semiconductor Substrate 51. Adjacent gate Stacks 
170b and 170c formed by a method of the present invention 
are minimally Spaced apart by the critical dimension CD, 
which is of about 100 Angstroms to about 400 Angstroms, 
more preferably of about 100 Angstroms to about 300 
Angstroms. Capacitor cell nodes 187a and 189a are defined 
by adjacent gate stacks 170a, 170b, and 170c, 170d, respec 
tively, as shown in FIG. 25. Two bit contacts 191a and 193a 
are also defined by the gate stacks 170a and 170d, respec 
tively, as also shown in FIG. 25. 

0062). After the formation of the gate stacks 170a, 170b, 
170c and 170d (FIG. 25), nitride caps 166 (FIG. 26) and 
nitride spacers 155 (FIG. 26) may be formed on the side 
walls and tops of the gate Stacks So that Source and drain 
regions 182a, 182b, 184a and 184b (FIG. 26) are formed to 
complete the formation of the field effect transistors 97 and 
99 (FIG. 26). Multi-layer capacitors 187 and 189 (FIG. 27) 
and associated conductive plugs 184, 186, and bit conduc 
tors 191 and 193 (FIG. 27) are formed to complete the 
formation of a DRAM array 200 (FIG. 28). A top view of 
the DRAM array 200 is illustrated in FIG. 28, where the 
word lines 170b and 170c are spaced apart at minimal 
distance CD. 

0063) The minimally spaced word lines 70b, 70c (FIGS. 
15-18) and 170b, 170c (FIGS. 25-27) formed in accordance 
with embodiments of the present invention could be used in 
a memory device, for example, a DRAM or SRAM, which 
in turn may be used in a processor system 400 which 
includes a memory circuit 448, for example the DRAM 
memory devices 100 and/or 200, as illustrated in FIG. 29. 
A processor System, Such as a computer System, generally 
comprises a central processing unit (CPU) 444, Such as a 
microprocessor, a digital signal processor, or other program 
mable digital logic devices, which communicates with an 
input/output (I/O) device 446 over a bus 452. The memory 
448 communicates with the system over bus 452. The 
memory 448 and processor 444 may also be integrated 
together on the same chip. FIG. 29 illustrates only one 
possible processor System architecture, but it should be 
noted that many others are possible and well known. 

0064. Although the exemplary embodiments described 
above illustrate the formation of four word lines as part of 
the DRAM arrays 100 (FIG. 19) and 200 (FIG. 28), it is to 
be understood that the present invention contemplates the 
formation of a plurality of word lines which are minimally 
Spaced in a memory cell array. In addition, although the 
embodiments described above refer to a specific topography 
of the gate Stacks and including Specific materials forming 
the word lines structures, it must be understood that the 
invention is not limited to the above-mentioned materials 
forming respective gate Stack Structures, and other compo 
Sitions and layerS may be used also, in accordance with the 
characteristics of the IC device to be fabricated. 

0065. Further, although the invention has been described 
with reference to the formation of word lines in a DRAM 
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memory array, it must be understood that the invention is not 
limited to the formation of DRAM arrays, and other memo 
ries Such as SRAMS, for example, may be formed also. Also, 
the invention may be used to create other minimally spaced 
Structures in an integrated circuit. 
0066. Therefore, the above description and drawings are 
only to be considered illustrative of exemplary embodiments 
which achieve the features and advantages of the present 
invention. Modification and Substitutions to specific process 
conditions and structures can be made without departing 
from the Spirit and Scope of the present invention. Accord 
ingly, the invention is not to be considered as being limited 
by the foregoing description and drawings, but is only 
limited by the Scope of the appended claims. 

1-74. (canceled) 
75. An integrated circuit Structure, comprising: 
a Semiconductor Substrate; 

an oxide layer over Said Semiconductor Substrate, 
a polysilicon layer over Said oxide layer; 
an insulating layer over Said polysilicon layer, Said insu 

lating layer having a first opening within Said insulating 
layer, Said first opening having a width not greater than 
about 400 Angstroms; and 

a photoresist layer over Said insulating layer, Said photo 
resist layer having a Second opening within Said pho 
toresist layer, said Second opening being in communi 
cation with Said first opening and having a width not 
greater than about 4,000 Angstroms. 

76. An integrated circuit Structure, comprising: 
a Semiconductor Substrate; 
at least one isolation region formed within Said Semicon 

ductor Substrate; and 
at least two gate Stacks over Said Semiconductor Substrate, 

Said at least two gate Stacks being in contact with Said 
isolation region and being Spaced apart from each other 
by less than about 300 Angstroms. 

77. A memory Structure comprising: 
a Semiconductor Substrate; and 
at least two word lines over Said Semiconductor Substrate, 

Said at least two word lines being Spaced from each 
other by less than about 300 Angstroms. 

78. The memory structure of claim 77 further comprising 
a plurality of bit lines formed over and in contact with said 
at least two word lines. 

79. The memory structure of claim 77 further comprising 
an isolation region formed below Said at least two word lines 
being spaced apart from each other. 

80. The memory structure of claim 77, wherein each of 
Said at least two word lines further comprises a plurality of 
gate layers. 

81. The memory structure of claim 80, wherein each of 
Said at least two word lines includes a polysilicon layer. 

82. The memory structure of claim 80, wherein each of 
Said at least two word lines includes a metal Silicide layer. 

83. The memory structure of claim 77, wherein said 
memory structure is a DRAM structure. 

84. The memory structure of claim 77, wherein said 
memory structure is a SRAM structure. 
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85. A memory device comprising a plurality of DRAM 
cells, said DRAM cells including a plurality of word lines 
formed over a Semiconductor Substrate, at least two of Said 
plurality of word lines being Spaced apart from each other by 
less than about 300 Angstroms, and a plurality of bit lines 
formed over said plurality of word lines. 
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86. The memory device of claim 85 further comprising an 
isolation region formed below and in contact with Said at 
least two of Said plurality of word lines being Spaced apart 
from each other. 


