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(57) ABSTRACT 

The present invention lengthens gate conductors used in 
memory chips to limit leakage current, while Still allowing 
the overall size of cells to remain the Same. The channel 
length for each gate is increased by decreasing the size of 
Spaces between gates. Decreases in Space size occurs by 
using photolithographic image enhancement techniques. 
These techniques allow the Space between gate conductors 
to be Smaller while the gate Size increases. In addition, a 
groove may be added that additionally lengthens the effec 
tive channel length and provides an additional electrical 
Shield to limit leakage current. These techniques lead to the 
Same density memory cells for a given process with less 
leakage. Finally, if grooved gate Structures are used, having 
a longer gate conductor allows a three Sigma process to be 
used, which increases yields. 

P-Type Substrate 
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FABRICATION OF A HIGH DENSITY LONG 
CHANNELDRAM GATE WITH OR WITHOUTA 

GROOVED GATE 

RELATED APPLICATION 

0001. This application is related to an earlier filed appli 
cation by Furukawa et al., entitled “DRAM Cell with 
Grooved Transfer Device', Ser. No. , filed s 

s and is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Technical Field 
0003. The present invention relates generally to the field 
of Semiconductor manufacturing and, more specifically, to 
forming long-channel gates, with or without grooves, in 
high-density Dynamic Random Access Memories (DRAM). 
0004 2. Background Art 
0005 The need to remain cost and performance competi 
tive in the production of Semiconductor devices has caused 
continually increasing device density in integrated circuits. 
To facilitate the increase in device density, new technologies 
are constantly needed to allow the feature Size of these 
Semiconductor devices to be reduced. 

0006 The push for ever increasing device densities is 
particularly Strong in Dynamic Random Access Memory 
(DRAM) technologies, as more computers and peripherals 
come with higher amounts of DRAM in order to run the 
memory-intensive applications being developed. In addi 
tion, Smaller sizes for DRAMs allow the semiconductor 
manufacturer to produce more DRAM chips with each 
Silicon wafer, which increaseS productivity and profit. 
0007. A typical DRAM chip is made of millions of 
individual DRAM “cells. Each cell contains a capacitor 
used to Store the memory charge, a Switch used to access the 
capacitor, and Some isolation regions around these devices. 
The individual cells are accessed using a large number of bit 
lines and word lines. By Selecting an appropriate bit line and 
word line, a memory controller can write or read information 
into or from, respectively, the desired DRAM cells. 
0008. The density of a DRAM chip is determined in large 
part by the area needed for each DRAM cell. This area is 
often measured in terms of “Squares,” where a Square 
comprises a 1Fx1F square region where “F” is the minimum 
feature dimension that can be created using an aerial image 
in a given lithography system. Thus, an 8 SQ DRAM cell 
created by a 0.35 um lithography System comprises an area 
of eight 0.35 um by 0.35 um squares on the chip. It is 
desirable to have the Smallest area for each DRAM cell So 
that more cells can be packed into a Smaller area. 
0009 Problems can arise with decreasing DRAM cell 
size, however. One important and potentially very Serious 
problem is the associated decrease in capacitance that gen 
erally follows a decrease in cell size. It is desirable that each 
cell have a high capacitance because the capacitor Stores the 
charge that will be Subsequently read by the memory con 
troller. All capacitors lose charge over time. Because of this, 
DRAM chips include circuitry that will periodically read 
and then refresh each and every cell in the chip. But it takes 
Some time for the refresh circuitry to acceSS and refresh each 
cell in the array, particularly when more cells are placed into 
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an array. Each cell must maintain its charge until refreshed, 
and this time period could be quite long, particularly with 
DRAMs increasing cell numbers and density. 
0010. In addition to lower capacitance, as cell sizes 
decrease, Sub-threshold leakage tends to increase. Many of 
the causes of leakage actually decrease as cells and gate 
sizes decrease, but one important cause of leakage increases. 
This is drain induced barrier lowering, which occurs when 
the drain is charged to a high Voltage and the Source is a low 
Voltage. In this leakage, the Source essentially "steals' 
electric field from the drain. This causes the entire barrier 
between the drain and the Source to be lowered. Drain 
induced barrier lowering becomes the predominant cause of 
leakage as cell and gate Size decrease. This current leakage 
reduces the time that the capacitor will Store a charge and 
can cause potential errors if charge from the capacitor is 
transferred to the bit line or vice versa. 

0011 Thus, the length of the gates in DRAM cells is 
important for controlling leakage current from and into the 
capacitors. The greater the leakage current, the quicker the 
cells must be refreshed. Unfortunately, with increasing den 
sity of cells on a chip, the refresh circuitry will take longer 
to refresh each cell. In addition, the increased density of cells 
comes by making each cell Smaller. This causes each gate 
length, and the corresponding channel length under the gate, 
to also become Small, which leads to increased Sub-thresh 
old leakage from DRAM capacitors. 
0012. Therefore, without a way to increase the length of 
the gates without increasing the size of cells, increasing 
density of cells in DRAMs will cause greater leakage current 
or errors and more complex and costly refresh circuitry to 
counteract the increased leakage. 

DISCLOSURE OF INVENTION 

0013 Accordingly, the present invention lengthens gate 
conductors used in memory devices to limit leakage current, 
while still allowing the overall size of cells to remain the 
Same. The channel length for each gate is increased by 
decreasing the size of Spaces between gates. Decreases in 
Space Size occurs by using photolithographic image 
enhancement techniques. These techniques allow the Space 
between gate conductors to be Smaller while the gate size 
increases. In addition, a groove may be added that addition 
ally lengthens the effective channel length and provides an 
additional electrical Shield to limit leakage current. These 
techniques lead to the same density memory cells for a given 
process with less leakage. Finally, if grooved gate Structures 
are used, having a longer gate conductor allows a three 
Sigma process to be used, which increases yields. 
0014. The foregoing and other advantages and features of 
the invention will be apparent from the following more 
particular description of a preferred embodiment of the 
invention, as illustrated in the accompanying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

0015 The preferred exemplary embodiment of the 
present invention will hereinafter be described in conjunc 
tion with the appended drawings, where like designations 
denote like elements, and 
0016 FIG. 1 is a schematic diagram showing the use of 
the hybrid resist; 
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0017 FIG. 2 is a graph is illustrating how positive resist 
undergoes an increase in Solubility as the exposure dose is 
increased; 
0.018 FIG. 3 is a graph illustrating the line pattern for 
positive resist printed with a reticle line pattern; 
0.019 FIG. 4 is a graph illustrating how in negative resist 
Systems exposed areas undergo a reduction in Solubility as 
the exposure dose is increased; 
0020 FIG. 5 is a graph illustrating the line pattern for 
negative resist printed with a reticle line pattern; 
0021 FIG. 6 is a graph of the resist solubility as a 
function of exposure dose for hybrid resist; 
0022 FIG. 7 is a graph illustrating the space/line/space 
pattern formed onto a Substrate using hybrid resist, and 

0023 FIG. 8 is a graph of linewidth in nanometers (nm) 
plotted against focus in microns (um) of a formulation of a 
Standard negative resist at various exposure energies, 

0024 FIG. 9 is a graph of linewidth for a negative tone 
line of a hybrid pattern in nm plotted against focus in um of 
a hybrid resist of the present invention at various exposure 
energies, 

0.025 FIG. 10 is a graph showing the linewidth in nm 
plotted against the amount of positive tone Solubility inhibi 
tor (MOP) incorporated in a hybrid resist of the present 
invention; 

0.026 FIG. 11 is a comparative model of what the range 
of focus is for a given line width using Standard resist 
formulations and a hybrid resist formulation of the present 
invention; 

0.027 FIG. 12 is a graph showing the dissolution rate in 
nanometers per Second (nm/sec) as a function of the expo 
Sure dose in millijoules (m.J) using one formulation of a 
hybrid resist of the present invention; 

0028 FIG. 13 is a graph showing the resultant line and 
Space widths as functions of the chrome Space width using 
one formulation of a hybrid resist of the present invention; 
0029 FIG. 14 is a graph showing the dissolution rate of 
an alternative formulation of the hybrid resist in nm/sec as 
a function of the exposure dose in mJ; 
0030 FIG. 15 is a graph showing the variation in space 
width in um as a function of MOP loading using one 
formulation of hybrid resist of the present invention; 
0.031 FIG. 16 is a graph of the response of a formulation 
of the hybrid resist of the present invention in which exposed 
(negative) line, unexposed (positive) line and space widths 
are plotted as a function of exposure dose; 

0.032 FIG. 17 is a schematic view of an exemplary mask 
portion; 

0033 FIG. 18 is a top schematic view of a wafer portion 
with patterned hybrid resist upon it; 

0034 FIG. 19 is a cross-sectional side view of the wafer 
portion of FIG. 18 taken along line 19-19; 

0035 FIG. 20 is a cross-sectional side view of the wafer 
portion of FIG. 18 taken along line 20-20; 
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0036 FIG. 21 is a top schematic view of a wafer portion 
with patterned hybrid resist and positive tone portions 
removed; 
0037 FIG.22 is a cross-sectional side view of the wafer 
portion of FIG. 21 taken along line 22-22; 
0038 FIG. 23 is a cross-sectional side view of the wafer 
portion of FIG. 21 taken along line 23-23; 
0039 FIG. 24 is a cross-sectional view of a phase-shift 
mask, the resulting normalized light intensity under the 
mask, and the resulting pattern after develop for negative 
photoresist; 
0040 FIGS. 25-28 are examples of common Dynamic 
Random Access Memory Structures. 
0041 FIG. 28 is a method of making gates with hybrid 
photoresist and chromed masks in accordance with preferred 
embodiments of the present invention; 
0042 FIGS. 29-33 are cross-sectional side views of a 
Semiconductor wafer during hybrid photoresist and chromed 
mask processing in accordance with preferred embodiments 
of the present invention; 
0043 FIGS. 34 and 35 are top views of pre- and post 
blanket exposure of a wafer, covered with hybrid resist, in 
accordance with a preferred embodiment of the present 
invention; 
0044 FIG. 36 is a method of making gates with negative 
photoresist and phase-change masks in accordance with 
preferred embodiments of the present invention; 
004.5 FIGS. 37-39 are cross-sectional side views of a 
Semiconductor wafer during negative photoresist and phase 
change mask processing in accordance with preferred 
embodiments of the present invention; and 
0046 FIGS. 40 and 41 are top views of pre- and post 
trim mask exposure of a wafer in accordance with a pre 
ferred embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0047 The preferred embodiments of the present inven 
tion overcome Some of the limitations of the prior art and 
provide methods to form long channel gates, with and 
without grooves, in high density Dynamic Random AcceSS 
Memories (DRAMs). The preferred embodiments use a 
longer gate to provide long channel lengths, while Still 
providing for unchanged pitch sizes (e.g., the total length 
used for one structure). A preferred embodiment uses hybrid 
resist, which exhibits both positive and negative tone 
responses as well as an intermediate response, to define and 
form the grooved gate, if used, and the gate conductor. A 
Second preferred embodiment uses negative resist and 
phase-change masks to define and form the grooved gate, if 
used, and gate conductor. A description of hybrid resist, 
phase edge processing, and a generalized DRAM Structure 
will now be given, followed by a description of the preferred 
embodiments. 

Hybrid Photoresist 

0048. The preferred embodiment uses photoresist mate 
rial having, Simultaneously, both a positive tone and a 
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negative tone response to exposure. This combination of 
materials can provide a new type of resist, which we call a 
hybrid resist. 
0049. As a hybrid resist is exposed with actinic radiation, 
areas exposed with high intensity radiation form a negative 
tone line pattern. Areas which are unexposed remain 
insoluble in developer, thus forming a positive tone line 
pattern. Areas which are exposed with intermediate amounts 
of intensity, Such as the edges of the aerial image where 
diffraction effects have reduced the intensity, form a Space in 
the resist film during develop. This resist response is an 
expression of the unique dissolution rate properties of this 
resist, in which unexposed resist does not develop, partially 
exposed resist develops at a high rate, and highly exposed 
resist does not develop. 
0050. The unique dissolution rate response of the hybrid 
photoresist allows a Single aerial image to be printed as a 
Space/line/space combination rather than as a Single line or 
Space, as with conventional resist. This frequency doubling 
capability of this resist allows conventional expose Systems 
to be extended to higher pattern densities. It is an advantage 
of one example of hybrid resist that lines and Spaces of 0.2 
tim and less can be printed with current deep ultra Violet 
(DUV) lithography tools that are designed for operation at 
0.35 um resolution. 
0051. It is a further advantage of this type of hybrid resist 
that the Space width is generally unchanging as the exposure 
dose and the reticle imageSize are changed. This allows very 
precise image control for the Space width within each chip, 
acroSS each wafer, and from one batch of product wafers to 
the next. 

0.052 Still another advantage the hybrid resist is the 
relaxation of the minimum reticle feature size due to the 
frequency doubling capability of hybrid resist. For example, 
to print a 0.2 um feature with conventional resist generally 
requires a 0.2 um reticle imageSize. With hybrid resist, a 0.2 
tim Space can be formed with a Single edge of a reticle 
feature; for example, a 0.5 um reticle opening could produce 
two 0.2 um Spaces and a 0.2 um line. In this way, one could 
accomplish reduction X-ray or E-beam lithography; the 
reticle image pitch could be approximately 2x the printed 
pitch on the Substrate. This also has the additional advantage 
of allowing a relaxation of the imageSize requirements of 
optical reticles, reducing cost and improving yield of the 
reticle. It is an advantage of hybrid resist that lines and 
Spaces of 0.2 um and leSS may be achieved without altering 
the present tools. 
0053. It is a further advantage that the space width is 
generally unchanging as the exposure dose and reticle sizes 
change, thereby allowing greater process latitude for control 
of space width. Through the use of the hybrid resist of the 
present invention, errors in the image dimension on the 
reticle are not reproduced in the Space width printed on the 
Substrate. As a result, the acroSS-chip Space width variation 
is minimized. This is valuable for optical, X-ray and e-beam 
exposure methods. It is especially useful in lithographic 
techniques that require a 1x reticle, i.e., a reticle that 
normally has a one-to-one relationship with the image 
printed on the Substrate, because variations in the imageSize 
on the reticle are normally reproduced on the Substrate. 
0.054 Accordingly, the preferred embodiment hybrid 
resist provides a photoresist material having, Simulta 
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neously, both a positive tone and a negative tone response to 
exposure. The positive tone response dominates at the lower 
exposure dose while the negative response predominates at 
the higher exposure dosages. Exposure of this resist creates 
a Space/line/space combination, whereas either of the con 
ventional resists would produce only a single feature. Turn 
ing to FIG. 2, a graph is illustrated showing how positive 
resist undergoes an increase in Solubility as the exposure 
dose is increased. Turning to FIG. 3, the line pattern for 
positive resist printed with a reticle line pattern is illustrated. 
0055. On the other hand, in the negative resist system 
exposed areas undergo a reduction in Solubility as the 
exposure dose is increased, as illustrated in FIG. 4. Turning 
to FIG. 5, the line pattern for negative resist printed with a 
reticle line pattern is illustrated. 
0056. For the hybrid resist of the present invention, the 
positive tone response causes an increase in Solubility in the 
areas where diffraction effects have reduced the expose 
intensity, Such as the areas near the edge of the reticle image. 
AS the exposure dose is increased, the negative tone 
response predominates, causing a reduction in Solubility in 
the more highly exposed areas. Turning to FIG. 6, the graph 
of the resist Solubility as a function of exposure dose for 
hybrid resist is illustrated. Printing a reticle line pattern onto 
a Substrate results in the Space/line/space pattern illustrated 
in FIG 7. 

0057. In this manner, the aerial image is “frequency 
doubled” to produce twice the number of features than 
would otherwise be attainable with the standard resist. FIG. 
1 illustrates these salient differences between a positive 
resist, a negative resist, and a hybrid resist. In FIG. 1, a 
hybrid photoresist 140 has been deposited over the surface 
of Substrate 150. A mask 120 with chrome areas 130 is used 
to selectively mask portions of photoresist 140 from a 
radiation Source. After exposure, photoresist 140 is devel 
oped and portions Subsequently removed by Washing the 
Surface of the wafer. Depending on the nature and compo 
Sition of photoresist 140, a certain pattern, which is related 
to chrome areas 130 on mask 120, will be formed in 
photoresist 140. As shown in FIG. 1, a positive photoresist 
will leave areas that correspond to chrome areas 130. A 
negative photoresist will create a pattern whereby the areas 
that correspond to chrome areas 130 are removed from 
substrate 150. A hybrid photoresist material will leave a 
photoresist pattern that corresponds to removal of the pho 
toresist material from the areas of Substrate 150 that are 
associated with the edges of chrome areas 130. 
0058. The frequency doubling hybrid resist is typically 
formulated using components of existing positive and nega 
tive tone resists. This includes, for example, poly(hydroxy 
styrene) resins which are partially modified with acid 
Sensitive Solubility dissolution inhibiting functionalities, a 
croSS-linker, a photo-acid generator, and, optionally, a base 
additive and a photosensitizer. 
0059. The resist formulations may be varied to obtain a 
fast positive tone reaction and a slow negative tone reaction 
for optimal results. Additionally, the positive tone compo 
nent can be chosen Such that it is relatively insensitive to 
post expose bake temperatures, while the negative tone 
portion is chosen to be more highly Sensitive to post expose 
bake temperatures. In this way, the relative Sensitivity of the 
positive and negative responses can be altered with bake 
temperatures to provide the desired imaging results. 
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0060. In addition, the resist formulations may be altered 
to provide space widths of different dimensions. For 
example, as the amount of Solubility inhibitor on the poly 
(hydroxystyrene) resin is increased, the printed Space width 
becomes Smaller (FIG. 15). This approach may also be used 
to alter the isofocal print bias of the negative tone line; at 
higher positive tone Solubility inhibitor concentrations, the 
isofocal print bias of the negative tone line increases (FIG. 
10). This is desirable in some applications for reducing the 
Size of the printed negative tone line, optimizing the fre 
quency doubling characteristics of the resist. 

0061 The relative responses of the positive and negative 
tone functions of the hybrid resist can also be altered by 
modifying the exposure conditions. For example, the nega 
tive tone line of the hybrid resist does vary with exposure 
dose and reticle dimension, Similar to the behavior of a 
conventional resist. Thus, as exposure dose is increased, for 
example, the negative tone line increases in width, and the 
Spaces remain the same size, but the Spaces are shifted to a 
new position on the Substrate, Since they lie adjacent to the 
negative line. Similarly, the positive tone lines alter in size 
as the exposure dose or reticle dimension are altered. 

0.062. As another example, two reticles could be used to 
print two separate patterns in the resist. One reticle could be 
exposed with a high dose, causing the hybrid functions to be 
expressed in the resist. Another reticle could be exposed in 
the same resist film at a lower dose, causing only the positive 
tone function to be expressed in that portion of the resist. 
This effect could also be accomplished with a Single expose 
proceSS if, for example, the reticle contained a partial filter 
of the actinic radiation in the areas where a lower exposure 
dose was desired. This allows wider Spaces to be printed at 
the same time as the narrower features, which is necessary 
in Some device applications. 

0.063. In a modification of this two-step imaging 
approach, a hybrid resist can be used to create a Standard 
negative tone pattern. If the resist film is image-wise 
exposed with a Standard negative tone reticle, baked to form 
the hybrid image, then blanket eXposed with actinic radia 
tion and developed without a Second post-expose bake 
process, the result is a Standard negative tone image. This 
approach may be desirable in Some applications, Such as the 
formation of gate conductor circuits, which require very 
Small lines to be printed, but do not require a high density 
image pitch. As an alternative to this method, the resist may 
be blanket exposed to a low dose of actinic energy after the 
image-wise exposure and before the baking Step. The desir 
ability of the method would depend on whether a solubility 
inhibiting protective group is present on the resin and 
whether the positive tone response is temperature depen 
dent. 

0064. An advantage of using the hybrid resist in Such 
applications is that the negative tone line of the hybrid resist 
can exhibit a large print bias at its isofocal point, as shown 
in FIG. 9. In other words, at the point of largest process 
latitude for the hybrid negative tone line, the resist image 
Size can be Substantially Smaller than the reticle image size. 
This is desirable because the aerial image is leSS degraded by 
diffraction effects at the larger reticle size, thus allowing a 
larger depth of focus to be attained than is possible with 
conventional positive and negative tone Systems, as shown 
in FIG.8. This print bias is a result of the fact that the edge 
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of the chrome line prints as a Space. The Space, in effect, acts 
to trim the edges of the aerial image, causing the negative 
line to print Smaller than it would with a conventional 
negative resist. This is an expression of the frequency 
doubling character of a hybrid resist. 
0065. It is possible to design the resist formulation to 
optimize the print bias of the negative tone line. For 
example, by choosing an appropriate loading factor for the 
positive tone Solubility inhibitor, one may obtain a particular 
print bias as shown in FIG. 10. In theory, it is quite obvious 
that Similar variations in the photoresist response can also be 
brought about by making appropriate changes in concentra 
tions and reactivities of other components as well. 
0066 For example, we have found that with exposure on 
a DUV 0.5 NA lithography tool, the isofocal print bias for 
a hybrid resist can be 0.11 um larger than the isofocal print 
bias for a Standard negative tone resist, as exemplified in 
FIGS. 8 and 9 when standard calculations known in the art 
are performed on the data. This difference can be utilized in 
two ways. In one approach, the Same reticle imageSize could 
be used with the hybrid resist to print a smaller line than the 
Standard resist, while maintaining focus and exposure pro 
ceSS latitude. In another manner of use, the size of the reticle 
features could be increased with the hybrid resist relative to 
the Standard resist, while printing the same imageSize as the 
Standard resist. The use of a larger reticle image provides a 
larger depth of focus due to reduced diffraction effects, as 
shown in the graph of FIG. 11. In the former application, 
higher performance is achieved with the Smaller size of the 
hybrid resist. In the latter application, higher yield is 
achieved due to the larger process latitude of the hybrid 
resist. 

0067. The resist formulations may be varied to obtain a 
high photoSpeed positive tone reaction and a low photoSpeed 
negative tone reaction for optimal results. Additionally, the 
positive tone resist may be chosen So that it is insensitive to 
post expose bake (PEB) conditions so that the ratio of 
Sensitivity of the positive tone to the negative tone function 
can be altered, thus changing the ratioS of the Space/line/ 
Space combinations. 
0068 Another option for changing the space/line/space 
ratioS is to utilize a gray-Scale filter in the reticle of the 
exposure tool. A gray Scale filter only allows a portion of the 
radiation to pass through the reticle, thereby creating areas 
of intermediate exposure. This prevents the negative tone 
resist function from operating in these areas because the 
exposure dose would never reach the critical point, but 
would still allow the positive functions to occur, thereby 
creating wider Spaces. This allows wider Spaces to be printed 
at the Same time as the narrower features, which is necessary 
in Some device applications. 
0069. The following examples are exemplary of the fre 
quency doubling resist composition, but are not meant to be 
limiting and many variations will be readily apparent to one 
of ordinary skill in the art. 

0070 The photoresist resins suitable for use in accor 
dance with the invention include any of the base-Soluble, 
long chain polymerS Suitable for use as a polymer resin in a 
photoresist formulation. Specific examples include: (i) aro 
matic polymers having an -OH group, e.g., polyhydroxy 
styrenes Such as poly (4-hydroxystyrene), poly (3-hydroxy 
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styrene), commercially available from Hoechst Celanese of 
Corpus Christi,Tex., novolak resins commercially available 
from Shipley of Marlboro, Mass.; and polymers having a 
phenolic -OH group, e.g., phenol formaldehyde resins; (ii) 
polymers having an acid group, e.g., polymethacrylic acid 
with an ester side chain; and (iii) acrylamide group type 
polymers. 

0071. The polymer resin in its deprotected form (i.e., 
once the positive tone reaction has occurred) is base Soluble 
and compatible with developer Solutions, Such as aqueous 
Solutions of metal-free ammonium hydroxide, tetramethy 
lammonium hydroxide, and tetraethyl ammonium hydrox 
ide, metal containing potassium hydroxide, and Sodium 
metasilicate. Preferred polymer resins have an average 
molecular weight within the range of about 1,000 daltons to 
about 250,000 daltons, and most preferably within the range 
of about 1,000 to 25,000 daltons, to enhance its solubility in 
developer Solutions. Examples include p-hydroxystyrene 
maleic acid anhydiride copolymers, polyhydroxystyrene-p- 
tertiarybutyl-carganatostyrene co-polymers, poly(2-hy 
droxystyrene), phenol-formaldehyde resins, polymethyl 
methacrylate-tertiary butyl methacrylate-polymethacrylic 
acid terpolymers, poly-4-hydroxystyrene-tertiary butyl 
methacrylate copolymers, poly(4-hydroxystyrene) with one 
or more acid labile alkyl or aryl Substituents on the aromatic 
ring, a poly (3-hydroxystyrene) with one or more alkyl or 
aryl Substituents on the aromatic ring, or any of these as the 
major number of subunits in a copolymer, such as PHM-C, 
commercially available from Maruzen America of New 
York, N.Y. The PHM-C includes both poly (hydroxystyrene) 
Subunits and vinyl cyclohexanol Subunits preferably being in 
the range of about 99:1 to about 50:50. The most preferred 
ratio is about 90 poly (hydroxystyrene) units to about 10 
Vinyl cyclohexanol Subunits. 

0.072 Crosslinking compositions are preferably tet 
ramethoxymethylglycouril (“Powderlink”) and 2,6-bis(hy 
droxymethyl)-p-cresol. However, other possible crosslink 
ing compositions include: 

CHOCH2 CHOC Ho |-y- 
OC Y=o 

hi 
C4HoOCH2 local 

N(CH2OCH3)2 

1. 
--> N(CHOCH3)2 

ass NCHOCH3 N 
H H 
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0073 their analogs and derivatives, as can be found in 
Japanese Laid-Open Patent Application (Kokai) No. 
1-293339, as well as etherified amino resins, for example 
methylated or butylated melamine resins (N-methoxym 
ethyl- or N-butoxymethyl-melamine respectively) or methy 
lated/butylated glycol-urils, for example of the formula: 

O 

CHOCH-N N-CHOCH, 
\ / 
HC-CH 

CHOCH \ CHOCH 3 - UH, 3 N1 

0074 as can be found in Canadian Patent No. 1204547. 
0075 Photoacid generators (“PAG”) include, but are not 
limited to: N-(trifluoromethylsulfonyloxy)-bicyclo[2.2.1 
hept-5-ene-2,3-dicarboximide (“MDT), onium salts, aro 
matic diazonium Salts, Sulfonium Salts, diaryliodonium Salts 
and Sulfonic acid esters of N-hydroxyamides or -imides, as 
disclosed in U.S. Pat. No. 4,731,605, incorporated herein by 
reference. Also, a PAG that produces a weaker acid Such as 
dodecane Sulfonate of N-hydroxy-naphthalimide (“DDSN”) 
may be used. 

0076) Possible base additives include, but are not limited 
to: dimethylamino pyridine, 7-diethylamino-4-methyl cou 
marin (“Coumarin 1”), tertiary amines, proton Sponge, ber 
berine, and the polymeric amines as in the “Pluronic' or 
“Tetronic' series from BASF. Additionally, tetra alkyl 
ammonium hydroxides or cetyltrimethyl ammonium 
hydroxide, may be used when the PAG is an onium salt. 

0077. Examples of sensitizers that may be utilized 
include: chrysenes, pyrenes, fluoranthenes, anthrones, ben 
Zophenones, thioxanthones, and anthracenes, Such as 9-an 
thracene methanol (9-AM). Additional anthracene deriva 
tive sensitizers are disclosed in U.S. Pat. No. 4,371,605, 
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which is incorporated herein by reference. The Sensitizer 
may include oxygen or Sulfur. The preferred Sensitizers will 
be nitrogen free, because the presence of nitrogen, e.g., an 
amine or phenothiazine group, tends to Sequester the free 
acid generated during the exposure process and the formu 
lation will lose photosensitivity. 
0078. A casting solvent is used to provide proper consis 
tency to the entire composition So that it may be applied to 
the Substrate Surface without the layer being too thick or too 
thin. Sample casting Solvents include: ethoxyethylpropi 
onate (“EEP”), a combination of EEP and Y-butyrolactone 
(“GBL), and propylene-glycolmonoethylether acetate (PM 
acetate). 
0079. In the following Examples, one of each of these has 
been chosen, however, it is to be recognized that many other 
compositions may be Selected for various portions of the 
resist. In the broadest Sense, the method and Structure of the 
preferred embodiment may be achieved using any hybrid 
resist is comprised of a negative tone component and a 
positive tone component, wherein the positive tone compo 
nent acts at a first actinic energy level and the negative tone 
component acts at a Second actinic energy level, the first and 
Second actinic energy levels being Separated by an interme 
diate range of actinic energy levels. 

EXAMPLE 1. 

0080. The following compositions were dissolved in pro 
pylene-glycol monomethylether acetate (PM acetate) Sol 
vent available from Pacific Pac, Inc., Hollister, Calif. con 
taining 350 ppm of FC-430, a non-ionic fluorinated alkyl 
ester Surfactant available from 3M, St. Paul, Minn. for a total 
of 20% solids: 

0081) poly(hydroxystyrene) (PHS), 10% hydroge 
nated, available from Maruzen America, New York, 
N.Y. with about 25% of the phenol groups protected 
with methoxypropene (MOP), 81.2% of solids; 

0082 N-(trifluoromethylsulfonyloxy)-bicyclo 
2.2.1-hept-5-ene-2,3-dicarboximide (MDT), avail 
able from Daychem Labs, Centerville, Ohio, 10.5% 
of solids; tetramethoxymethyl glycouril (Powder 
link), available from Cytec, Danbury, Conn., 8.2% of 
Solids, and 

0083) 7-diethylamino-4-methyl coumarin dye (Cou 
marin 1), available from the Aldrich Chemical Com 
pany, 0.1% of solids. 

0084. The solution was filtered through a 0.2 um filter. 
The solution was coated onto silicon wafers primed with 
hexamethyl-disilaZane with a soft bake of 110° Celsius (C.) 
resulting in films of about 0.8 um thick as determined by a 
NanoSpec reflectance spectrophotometer. The coated wafers 
were then exposed with deep ultraviolet (DUV) excimer 
laser radiation having a wavelength of 248 nm in a 0.37 
numerical aperture (NA) Canon Stepper with a matrix of 
different doses from low doses to high doses and post expose 
baked (PEB) at 110° C. for 90 sec. The dissolution rates of 
the exposed films were calculated from the thickness of 
remaining film after developing for a given amount of time 
with 0.14 Normal (N) tetramethylammonium hydroxide 
(TMAH) developer. The dissolution rate vs. exposure dose 
relationship is shown in FIG. 6. As shown in FIG. 6, the 
resist has a very low dissolution rate (about 2 mm/sec) when 
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unexposed. AS the dose is increased, the dissolution rate 
increases until reaching about 50 nm/sec. The dissolution 
rate remains relatively constant at this level in the dose range 
of about 1 milliJoule (m.J) to about 3 m.J. Increasing the dose 
further, the negative croSS-linking chemistry becomes pre 
dominant and the dissolution rate falls back to a value close 
to Zero. 

0085. In another experiment with the same resist, when a 
MICRASCAN II 0.5 NADUV stepper is used to expose an 
isolated chrome Space onto the hybrid resist film, the Space/ 
line/space measurements as a function of width of the 
chrome space are plotted, as shown in FIG. 13. The data 
Suggests that, although the width of the line increases 
correspondingly with that of the chrome Space on the mask, 
the Space on either side of the line remains relatively 
COnStant. 

EXAMPLE 2 

0086) This example illustrates the manner in which 
changing the type of photoacid generator and relative 
amounts of the various components can change the disso 
lution rate characteristics of the hybrid resist and Subse 
quently the lithographic response. This Second formulation 
was prepared and processed in a manner Similar to 
EXAMPLE 1, however, it is comprised of the following 
components: 

0087 PHS with about 25% of the phenol groups 
protected with MOP, 90.8% of solids; 

0088 triphenyl sulfonium triflate, 1.3% of solids; 
0089 Powderlink, 7.8% of solids; 
0090 tetrabutyl ammonium hydroxide base, 0.1% 
of Solids, and 

0091) sufficient PM acetate containing 350 ppm 
FC-430 Surfactant as a solvent to form a 18.9% 
Solids Solution. 

0092. The dissolution rate characteristic of the resulting 
hybrid resist is shown in FIG. 14. The overall nature of the 
curve remains similar to that shown by the hybrid resist of 
EXAMPLE 1, in that the dissolution rate starts out low for 
an unexposed resist, increases to a high at about 5 m.J and 
decreases to a low above 7 m). However, the absolute dose 
range and the dissolution rates within these ranges are quite 
different from those shown in FIG. 12. 

0093 FIG.16 represents the response of this formulation 
of the hybrid resist when exposed through a mask of nested 
chrome lines and spaces of equal widths in a MICRASCAN 
II DUV 0.5 NA stepper tool. Negative line, unexposed 
(positive) line and Space widths are plotted as a function of 
exposure dose. The Space remains relatively constant in the 
range of about 0.18 um, whereas both lines vary as the 
exposure dose is varied. 

EXAMPLE 3 

0094. This example illustrates that the space width of the 
frequency doubled image can be changed by varying the 
protection level of PHS with MOP. Two different PHS lots 
having 24% and 15% MOP loading, respectively, were used 
to make hybrid formulations identical to that of EXAMPLE 
1, except that the total Solids contents were adjusted to 
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16.0% of the total to obtain film thicknesses of about 0.5 um. 
From these two stock formulations, several other formula 
tions with average MOP levels ranging from 15 to 24% were 
prepared. Wafers were coated and soft baked at 110° C., 
exposed on a MICRASCAN II DUV 0.5 NA stepper, post 
exposed baked at 110° C. for 60 sec and finally developed 
with 0.14N TMAH developer. A reticle with an isolated 
chrome opening was printed in a hybrid resist film. The 
Spacewidth of the resist image was measured and graphed as 
a function of the average MOP Solubility inhibitor loading in 
the PHS used for making the respective formulations. It was 
found that the space width was strongly dependent on MOP 
concentration, as shown in FIG. 15. 

EXAMPLE 4 

0.095 Negative tone imaging may be performed with the 
hybrid resist of the present invention, using a blanket DUV 
expose after the PEB and prior to the develop. 
0096. A hybrid resist formulation as described in 
EXAMPLE 2, above, was image-wise exposed with a 
chrome reticle with an electrical test pattern on a 0.5 NA 
DUV expose system. Silicon wafers (200 mm) with a 2000 
Angstrom (A) film of polysilicon were used as a Substrate So 
that the resulting etched patterns of the resist image could be 
measured with electrical probe techniques. After the post 
expose bake process, the wafers were cycled back into the 
expose tool (MICRASCAN II) and exposed at 10 m.J per 
Square centimeter (cm) with a clear glass reticle. A post 
expose bake process was not performed after the Second 
exposure. The purpose of the Second exposure was to 
remove the initially unexposed resist from the wafer, leaving 
only a negative tone resist pattern after develop. 
0097. The initial image-wise expose dose was 17-24 
mJ/cm2, the post expose bake temperature was 110° C. for 
90 sec and the develop time was 100 sec in 0.14N TMAH. 
A Standard negative tone resist was processed in a similar 
fashion, with the omission of a blanket eXpose Step as a 
control. The electrical data from this experiment is shown in 
FIGS. 8 and 9. A large isofocal print bias of approximately 
0.11 um was observed for the hybrid resist relative to the 
Standard negative resist, as calculated using Standard meth 
ods known in the art. 

0.098 When hybrid resist is exposed to actinic energy, 
areas of the resist which are Subject to a full exposure form 
a negative tone line pattern, areas which are unexposed form 
a positive tone pattern, and areas which are exposed to 
intermediate amounts of radiation become Soluble and wash 
away during development. Turning to FIG. 17, an exem 
plary mask 1700 containing a mask blocking shape 1702 is 
illustrated. When hybrid resist is deposited on a wafer, 
exposed through mask 1700 with actinic radiation, and 
developed, the mask 1700 creates the a “linked” or “donut' 
pattern in the hybrid resist. Such a linked pattern is illus 
trated FIGS. 18, 19 and 20, where FIG. 19 is a cross section 
of the wafer in FIG. 18 taken along lines 19-19, and FIG. 
20 is a cross section of the wafer in FIG. 18 taken along lines 
20-2O. 

0099 FIG. 18 shows a wafer portion 1802 upon which 
hybrid resist has been deposited, exposed through mask 
1700 containing a blocking shape 1702 and developed. 
Hybrid resist portions which are unexposed (i.e., the inside 
region 1804 blocked by mask shape 1702) remain photoac 
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tive and insoluble in the developer and form positive tone 
line patterns. Hybrid resist portions which are exposed with 
high intensity radiation (i.e., the outside region 1806 not 
blocked by mask shape 1702) are completely cross-linked 
during the post exposure bake and form a negative tone line 
pattern. Hybrid resist portions which are exposed with 
intermediate amounts of intensity (i.e., the areas under the 
edges of mask shape 1702) become soluble in developer 
Solution after the first exposure and are dissolved during the 
development step and form space 1808 in the hybrid resist. 
0100 Because portions of the hybrid resist were unex 
posed during the first exposure, these regions remain pho 
toactive and now comprise positive tone resist patterns. 
Thus, by blanket exposing the wafer these positive tone 
resist patterns are polymerized and can be washed away 
during development. The blanket exposure is preferably an 
intermediate exposure, either by exposing at a low enough 
dose or for a short enough to create an intermediate response 
to those areas of resist that were unexposed (i.e., the positive 
tone patterns) in the first exposure Step. 
0101. In the alternative, the positive tone portions can be 
removed by a Selective etch using a Solution of pure n-butyl 
acetate at room temperature or with a strong base, Such as 
0.35 Normal (N) tetramethyl ammonium hydroxide 
(TMAH). 
0102) Turning to FIGS. 21, 22, and 23, the wafer portion 
1802 is illustrated after a blanket exposure and development, 
where FIG.22 is a cross section of the wafer portion in FIG. 
21 taken along lines 22-22, and FIG. 23 is a croSS Section of 
the wafer taken along lines 23-23. 
0103) The blanket exposure has caused the positive tone 
regions (i.e., the hybrid resist portion 1804 (of FIGS. 18, 19 
and 20)) which were unexposed (i.e., blocked by mask shape 
1702) to become soluble and wash away during develop 
ment. 

Chromeless Phase Edge Processing 

0104. In chromeless phase edge processing, a chromeless 
mask is used to pattern conventional positive or negative 
photoresist (only negative photoresist will be discussed 
here). The mask is made of open (not phase-shifted) portions 
and phase-shifted portions. Both portions allow light to pass 
freely, but the open portions pass all incident light, while the 
phase-shift portions shift the phase of the light 180 degrees. 
Thus, the phase-shift portions also pass all the light, only the 
light is phase-shifted 180 degrees out-of-phase with the light 
that passes through the open portions. At the transition 
region between open and phase-shift portions, the light 
undergoes destructive interference Such that it exhibits lower 
power in the area around transition regions. This lower 
power causes the negative photoresist near transition regions 
to be relatively unexposed. Because negative photoresist 
becomes Substantially more polymerized and harder to 
remove when it is exposed to radiation, the photoresist near 
transition regions, which is not exposed, will be removed 
after development. 

0105. This is shown in FIG. 24. In FIG. 24, radiation 
strikes a phase-mask 2100 having an open portion 2110 and 
a phase-shift portion 2120. The resulting intensity of radia 
tion is shown in intensity curve 2150. Intensity curve 2150 
diagrams the intensity of radiation incident at the Surface of 
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photoresist 140 (this intensity is denoted I) as a fraction of 
the intensity reaching phase-mask 2100 (this intensity is 
denoted Io). Thus, if all of the radiation reaches the surface 
of photoresist 140, the fraction I/Io will be one; if none of 
the radiation reaches the surface of photoresist 140, the 
fraction I/O will be Zero. Sections 2160 and 2170 of 
intensity curve 2150 illustrate that all or substantially all of 
the radiation reaches the surface of photoresist 140 in these 
Sections. In Section 2180, however, destructive interference 
causes a Substantial decrease in radiation intensity. This 
decrease in radiation intensity will deliver a Smaller amount 
of radiation to a Small Sliver of negative resist, and this Small 
amount of negative resist will be removed after develop. 
This is shown in developed wafer portion 2190. 

General DRAM Structures 

0106 A simple, single-cell DRAM structure is shown in 
FIG. 25. When a voltage of magnitude greater than the 
threshold Voltage is placed on the word line, current can flow 
from the bit line of the Metal Oxide Semiconductor Field 
Effect Transistor (MOSFET) to the storage capacitor Cs (or 
Vice versa). 
0107. A top view of wafer portion 2600, which contains 
a DRAM array, is shown in FIG. 26. FIG. 26 only shows 
several features of the somewhat complex DRAM structure. 
Bit line contacts (CB) are placed above active areas (AA). 
Word lines 2620, 2621 cross deep trenches 2640 and inter 
Sect and cover part of the active areas to Selectively enable 
or disable the MOSFET formed by the active areas. Deep 
trenches 2640 help to form storage capacitors Cs. It can be 
Seen that there is an alternating array of active and passive 
areas of the array. For instance, word line 2621 crosses an 
active area but then crosses a deep trench area (which is 
inactive for this word line), and then crosses another active 
aca. 

0108. A cross-sectional view of wafer portion 2600 along 
cross-section 1-1' is shown in FIG. 27. Wafer portion 2700 
contains several memory cells 2772 and word lines 2770 
that cross to the next memory cell (not shown). Memory 
cells 2772 are active in this slice. Capacitor Cs of FIG. 25 
is formed by strap 2742, dielectric 2720, and plate 2724. 
0109 These memory cells are formed by creating, for 
example, a P-well 2716 in a P-type substrate 2718. The 
capacitor plate 2724 is formed in the substrate 2718 by 
forming an N+ region 2714 in substrate 2718. A Deep 
Trench (DT) is etched into the substrate 2718 and the storage 
capacitor plate 2714 is formed by out-diffusing N+ dopant 
from the DTSidewalls. Node dielectric 2720 is formed and 
the deep trench (DT) is filled with doped polysilicon. The 
polysilicon is recessed, and an insulating collar 2714 is 
formed on the top sidewall portions of the DT, which is then 
filled with doped polysilicon 2714. Note, the insulating 
collar 2714 is excluded from an upper part 2790 of one of 
the top DT sidewall portions in order to out-diffuse a strap 
2742 from the DT polysilicon 2720. 
0110. The DT polysilicon 2720 is recessed again to 
expose parts of the collar 2714, which is silicon oxide for 
example. The exposed collar is etched and the receSS is filled 
again with polysilicon 2720, from which the strap 2742 is 
out-diffused to connect the DT polysilicon 2720 to the 
Source or drain of the transfer device 2772. The transfer 
device 2772 (a MOSFET) is called a transfer device because 
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it transferS charge to and from the capacitor Cs. Shallow 
Trench Isolation (STI) regions 2728 cover a portion of the 
DT. 

0111. A source or drain region 2738 is formed in the 
P-well 2716 between transfer devices 2772. Illustratively, 
the source or drain region 2738 and strap 2742 are heavily 
doped N+ regions in P-well 2716. 
0112 A thin layer of gate oxide 2760 separates the gate 
2730 from the MOSFET channel in the P-well 2716. Gate 
2730 is generally formed of polysilicon, and may be doped 
with either N+ or P+ impurities (which change the threshold 
voltage). Gate 2730 acts as the word line, (also shown in 
FIG. 25 as cell 2500) of the memory cell 2772. Shallow 
trench isolation (STI) regions are formed in the substrate and 
surround active regions AA (shown in FIG. 26) to isolate 
active cells 2772 from neighboring cells. In addition, top 
covers 2792 are formed to further isolate active cells 2772 
from other devices. Generally, STI regions 2728, top covers 
2792 and collars 2714 will be made of silicon oxide. 

0113 Agate contact or wiring layer 2732, also referred to 
as a gate conductor is formed over the gate 2730. Wiring 
layer 2732 is usually a tungsten W or a tungsten silicide 
WSilayer. The gate 2730 and gate wiring 2732 have widths 
that equal a minimum lithographic feature size F. This is 
shown as dimension 2752, which is 1.0 F. Similarly, the 
distance between gates is shown as dimension 2754, which 
is also 1.0F. The overall dimension for one cell is shown as 
dimension 2798. Dimension 2798 is 2.0 F in this example. 
0114. An insulator or dielectric 2734, such as a nitride, is 
usually formed to cover the gate wiring 2732 and sidewalls 
of the gate 2730. An oxide layer 2788 is formed over 
memory cells 2772, 2770 and is etched selectively to the 
insulator 2734 to form a bit line contact opening that exposes 
the source and drain N+ region 2738 located furthest from 
the DT. The opening over the exposed N+ region 2738 is 
filled with a conductive material to form the bit line contact 
2736. Finally, a bit-line 2740 is formed over the oxide layer 
2788 to connect various bit line contacts 2736 arranged in 
rows of the array formed from many of the memory cells 
2772, 2770 arranged in rows and columns. 

Preferred Embodiments 

0115 The preferred embodiments of the present inven 
tion provide long gates, with and without grooves, for use in 
memory cells. The long gate provides a long channel while 
allowing the actual width of the gate to increase and the 
density of memory cells to remain the same. Adding a 
groove to the gate further lengthens the channel (though not 
the gate) and further shields the Source from the drain, and 
vice versa. The preferred embodiments use photolitho 
graphic image enhancement techniques to define Small 
Spaces and yet long gates. Hybrid resist or phase edge 
processing may be used as the image enhancement tech 
nique to form Small Spaces. If necessary, hard mask and 
Spacer Steps may be applied in order to provide greater 
process latitude and to form Small Spaces. 
0116. Because memory cell densities are increasing (par 
ticularly in Dynamic Random Access Memories, DRAMs), 
making Spaces Smaller generally entails using image 
enhancement techniques Such as hybrid photoresist or phase 
edge processing. "Regular photolithography tends not to 
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produce the required linewidths that hybrid photoresist and 
phase edge processing can produce. Although the latter two 
techniques are used in the preferred embodiments of the 
present invention to produce long gate Structures with Small 
Spaces between gates (and grooved gate structures, if these 
are used), any method that allows similar structures to be 
made in accordance with the present invention may be used. 
Furthermore, photolithography techniques vary wildly and 
the processes used in the preferred embodiments of the 
present invention are examples only. 
0117 The embodiments of the present invention allow 
long gates and Small Spaces to be formed in the same number 
of “Squares' or units of F as current Small-dimension 
memory cells. This allows the dimension of individual cells 
to remain the same while the gate lengths for the cells 
increases; this decreases leakage from the cells. Because the 
dimension of cells are used in the upcoming discussion of 
the preferred embodiments, a Synopsis of dimensions used 
to describe Structures on Semiconductors will now be given. 
0118. The lithographic F unit as discussed previously is 
the minimum feature size for conventional photolithogra 
phy. In particular, 1 F is the minimum imageSize that can be 
exposed (or unexposed) on a wafer without diffraction 
effects excessively degrading the image. AS Such, F varies 
with different exposure tools, different exposure wave 
lengths, and different resist formulations. For example, a 2x 
exposure tool using a chrome-on-glass reticle that can only 
accurately image 0.70 um chrome shapes would have an F 
of 0.35 um. The aerial image (the image on the reticle) 
produced by Such a system will create an equivalent feature 
on the photoresist of the wafer. If the photoresist is positive, 
the feature will be a “bump' of photoresist; if the photoresist 
is negative, the feature will be a trough in the photoresist. 
Thus, the aerial image on the reticle becomes the feature on 
the photoresist and wafer. The 1 F feature size is chosen 
based on an assessment of the resolution capability of the 
lithographic System, which is the capability of an optical 
Stepper, using chrome-on-glass reticles, and without off-axis 
illumination. 

0119 Features smaller than 1 F have been attained 
through image enhancement techniques, Such as phase edge 
processing, hybrid resist processing, and off-axis illumina 
tion. These techniques, however, do not produce a feature in 
the same manner as conventional photoresist methods. For 
instance, using the conventional photoresist methods of the 
previous paragraph, a Square of chrome (the aerial image) on 
the reticle will produce a "Square' feature on the photoresist 
layer (after baking and development, and where each side of 
the Square is greater than 1 F on the photoresist layer). 
Because light “bends” around the edges of the chrome 
Square, the “Square' feature on the photoresist layer will 
actually be Somewhat round in appearance, Square edges are 
rounded by this phenomenon. The feature on the photoresist 
layer is, however, Similar to the feature on the reticle. Phase 
edge and hybrid resist processing, on the other hand, pro 
duce "loop” features around the Square on the resist in 
addition to creating a "Square' in the resist. Off-axis illu 
mination changes the Square into a different shape. Thus, the 
aerial image on the reticle is either a similar feature plus 
loops or is not the same feature produced in the photoresist 
for image enhancement techniques. 
0120) The embodiments of the present invention provide 
gates that are larger (longer) than 1.0 F and Spaces that are 
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smaller than 1.0 F for a cell width of 2.0 F. Using hybrid 
resist, spaces of about 0.5 F and gates of about 1.5 F may be 
made; using negative resist and phase edge processing, 
spaces of about 0.7 F to 0.8 F and gates of about 1.3 F to 1.2 
F, respectfully, may be made. These sizes are for a cell size 
of 2.0 F. In addition, using hard mask and Spacer technolo 
gies can decrease the Size of Spaces and increase gate sizes 
even further while still allowing the overall cell size to 
remain the same. 

0121 Turning now to FIG. 28, a method for forming a 
long channel DRAM gate using hybrid photoresist is shown. 
Method 2800 is used to form long gates for use in memory 
cells with Small spaces between gates; this method may also 
be modified to include grooved gate Structures. Method 
2800 begins when the wafer is prepared in step 2810. Such 
a step could include cleaning, doping, diffusion, oxidation, 
epitaxy, etc. Generally, most of method 2800 occurs after the 
deep trench, collars, Shallow trench isolation areas, plate 
areas and oxide have been formed. In addition, the gate 
conductor Stack (for example, polysilicon covered with a 
film of tungsten silicide followed with a cap of Tetra-Ethyl 
Ortho-Silicate (TEOS) oxide) is usually deposited in step 
2820. Thus, the majority of a DRAM structure, including the 
gate conductor Stack has been formed. 
0122) Hybrid resist is then applied to the surface of the 
wafer in step 2830; this hybrid resist may be any suitable 
formulation. Generally, the resist is spin-applied to a certain 
thickness, which for this example is 0.45 micrometer (um). 
The wafer is then exposed to radiation in step 2840. For 
example, a deep ultraViolet (DUV) projection aligner with a 
248 nanometer (nm) exposure wavelength and an 0.6 
numerical aperture (NA) lens System will adequately expose 
most hybrid resists. The resist-covered wafer is then gener 
ally baked to croSS-link and "harden' the exposed portions 
of the resist. For instance, baking the wafer at 100 degrees 
C. for 90 seconds is generally sufficient for most hybrid 
resists. If the resist is of a formulation that need not be baked 
or if additional processing Steps will be used (such as a 
Second exposure on parts of the wafer), then baking can be 
delayed or not performed. 

0123. Once the resist has been exposed, portions of the 
resist will have been exposed to higher power light (the 
“negative tone” portion), portions will have been exposed to 
a intermediate power light, and portions will not have been 
exposed (the “positive tone” portion). AS explained previ 
ously, the portions exposed to an intermediate amount of 
light will be more Soluble than those portions not exposed or 
exposed to high power radiation. These more Soluble por 
tions will be removed in the development Step. Baking in 
step 2840 helps to complete the cross-linking of the struc 
tures in the resist to make the negative tone of the hybrid 
resist insoluble while not affecting the positive tone of the 
resist. After baking, the negative tone areas should be 
insoluble to developer and should not be removed during the 
etch Step. 

0.124 Development, and removal of that portion of 
hybrid resist exposed to intermediate radiation, is also 
performed in step 2840 of method 2800. For example, 
development of most hybrid resists may be accomplished by 
dipping the wafers in 0.14 Normal (N) tetra-methyl-ammo 
nium hydroxide (TMAH) developer. The removed resist 
creates a depression or space where the removed resist was. 
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0.125 Prior to etching the wafer, it is possible to decrease 
the Size of the Spaces created by the removed resist. Hard 
mask and Spacer technology may be used for this purpose. 
This could yield spaces that are smaller than those definable 
by using hybrid resist alone. This will further decrease the 
sizes between gates while increasing the Size of the gates and 
yet keeping the overall pitch the Same. This will be discussed 
in more detail in reference to FIG. 38. 

0126 Turning now to FIG. 29, examples of a mask 2900 
and a wafer portion 2950 are shown. Wafer portion 2950 is 
shown after a high power exposure, bake, and develop, 
whereas mask 2900 is shown in this figure for reference 
purposes. Mask 2900 has clear portions 2904 and chromed 
portions 2902. Chromed portions 2902 block all incident 
radiation (not shown), while clear portions 2904 allow 
incident radiation to pass. Wafer portion 2950 is a processed 
wafer portion having a hybrid resist layer 2930, an insulating 
layer 2940, a wiring or gate contact layer 2945, and a gate 
conductor layer 2960. Hybrid resist layer 2930 has been 
divided into negative tone portions 2934 (which have been 
exposed to radiation), Spaces 2980, and positive tone por 
tions 2932 (which have not been exposed to radiation). The 
intermediate exposed regions have been removed to create 
spaces 2980. FIG. 29, then, is a “snapshot” of a wafer 
portion taken after step 2840 of method 2800. 
0127 Spaces 2980 are similar to “moats” in the sense that 
wherever chromed portions are on the mask, there will be a 
Small space Surrounding the chromed portions on the wafer 
after develop. Spaces 2980 are illustrated as being exactly in 
the center of the line dividing chromed portion 2902 and 
clear portion 2904. In reality, there will probably be some 
skew away from chromed portion 2908. This skew will 
generally cause SpaceS 2980 to be acentric as compared to 
the edges of chromed portions 2902. However, the amount 
of skew depends on the process being used, and FIG.29 and 
further figures will illustrate spaces 2980 as being centered 
under each edge of a chromed portion for Simplicity. 
0128. Returning to FIG. 28, patterning the gate stack is 
the next Step, Step 2870. The etching process forms spaces 
or depressions where material is removed. The hybrid resist 
protects areas where it is preferred that etching does not 
remove material. Thus, etching is a Selective process that 
creates depressions in areas where there is no resist. 
0129. Once etching is complete, the wafer is cleaned in 
Step 2880. Cleaning generally involves growing a Sacrificial 
oxide and removing the oxide, resist, and contaminants with 
a buffered hydrogen flouride (BHF) dip. 
0130 Turning now to FIG. 30, FIG. 30 shows wafer 
portion 2950 after etch and cleaning. Space 2980 now 
extends down through insulating layer 2940, wiring or gate 
contact layer 2945, and gate conductor layer 2960. In 
addition, oxide layer 2760 may also be removed such that 
spaces 2980 may slightly enter P-well 2716. Wafer portion 
2950 would result after step 2880 in method 2800. 
0131 Returning to FIG. 28, other processing steps to 
complete the DRAM are taken in step 2890. For instance, an 
oxide will usually be formed and bit lines will be deposited. 
This Step contains all Steps necessary to complete the 
memory cells and chip. 
0132 Referring now to FIG. 31, one possible final ver 
sion of a DRAM array is shown. Wafer 2950 now has many 
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necessary structures such as bit line contact 2736, bit line 
2740 and oxide layer 2788 added to enable data to be written 
into and read out of strap 2742. 

0133 FIG. 31 shows that dimension 3120, which indi 
cates the size of Space between gate conductors, is Small 
while dimension 3130, which indicates the size of the gate, 
is large. Pitch 3140 generally will not change from previous 
DRAM devices. For instance, as shown in FIG. 27, the 
normal pitch 2798 is 2.0F, which comprises dimension 2752 
(the width of a gate conductor or gate) at 1.0 F and 
dimension 2754 (the width of the space between gates). For 
Some embodiments of the present invention, dimension 
3120 (the width of the space between gates) will be about 0.5 
F, while the width of the gate conductor (dimension 3130) 
will be about 1.5 F. Thus, the pitch 3140 remains at 2.0F but 
the gate conductor width has increased. The gate in these 
embodiments will have a width that will be at least twice the 
Size of the Space. It must be noted that exact dimensions will 
vary from this example Somewhat because of the proceSS 
used and variances within the process. In other embodi 
ments, the Space will be larger. For instance, phase edge 
processing will generally produce slightly larger Spaces, on 
the order of about 0.7 F, which means that the gate will be 
about 1.3 F. AS previously explained, longer gates reduce 
leakage and improve Storage times and bit error rates. 

0134) For an even better reduction in leakage, grooves 
may be added to the gates produced by embodiments of the 
present invention. Adding grooves to the gates will decrease 
leakage and further increase bit error rates and Storage times. 
In addition, using embodiments of the present invention 
with grooves allow the grooves to be more easily aligned to 
the gates; this allows greater process latitude. Grooves 
extend the effective channel length and help shield the 
Source from the drain. Both of these benefits tend to decrease 
leakage. 

0.135 Grooved gate structures are discussed in detail in 
application BU9-97-107, “DRAM Cell with Grooved Trans 
fer Device.” Furukawa et al. Grooves used with the present 
invention may be formed by any of the methods disclosed in 
BU9-97-107. Combining the longer gates and shorter spaces 
of the present invention allow gates to be aligned more 
easily to the grooves. Shorter gate conductors make it 
harder, on the other hand, to align the gate conductor Stack 
to the groove. If the groove is 0.5 F wide, for instance, a 1.0 
F gate only need be slightly larger than an 0.25 F distance 
off of the center of the groove for errors to occur. Any 
distances larger than 0.25 F from center will result in a gate 
conductor that does not completely cover the groove; this 
will generally result in Shorts or other defects. Longer gates 
made in accordance with embodiments of the present inven 
tion allow higher processing tolerances and Still allow 
grooves to be covered by gates. 

0.136 Concerning processing tolerances, the amount of 
deviation from ideal for a manufacturing process is usually 
expressed in terms of Sigma. Sigma is a unit of Standard 
deviation, which is a measure of how much the real-world 
process differs from the ideal process. In manufacturing 
processes, there will always be Some skew from the ideal. 
For instance, in Semiconductor manufacturing, mask overlay 
errors or lithographic imageSize errors can cause deviations 
from the ideal, designed pattern formation. These slight 
errors then cause other errors, which may result in bad 



US 2001/0003034 A1 

Semiconductor chips. Either Some or all of the chips on one 
wafer may not function correctly. These lost chips can be 
very expensive to a Semiconductor manufacturer. Most 
manufacturers require 3 Sigma or even 6 Sigma processes for 
the invention to be profitable. ASSuming a Gaussian (or 
normal) distribution, this would require a realization of 
99.7% (0.3% errors) or 99.99%, respectively. Because gate 
conductor width is increased with embodiments of the 
present invention, using the present invention with grooved 
gate Structures increases yields. 
0.137 For most lithographic processes, a general rule is 
that the combined imageSize and overlay tolerances should 
be equal to approximately 0.5 F in order to achieve a 3 Sigma 
process. Thus, for the example discussed above, one would 
need a tolerance of 0.5 F in the positional shift of the edge 
of the gate conductor relative to the groove before a fail 
would occur. With a 1 F gate conductor, the tolerance is only 
0.25 F. By increasing the width of the gate conductor to 1.5 
F, this tolerance can be increased to 0.5 F, which is com 
patible with a 3 Sigma process. 
0138 Grooves may be added to the present invention by 
forming the grooves prior to forming the gate conductor 
Stack. In this manner, the gate oxide will be completely 
under the grooved gate and will cover all sides of the groove. 
Thus, in step 2810 of method 2800 grooves may be formed. 
Forming grooves and gate conductor Stacks are covered in 
the previously-mentioned patent application. Once the 
grooves and gate conductor Stack are formed, the other Steps 
of method 2800 (step 2830, etc.) may be performed. 
0.139 FIG. 32 shows an example of patterning a wafer to 
form grooved gate structures. Mask 3200, shown for relative 
Sideways placement and location, has chromed areas 3210 
and a clear area 3220. Wafer portion 3202 is shown imme 
diately after hybrid resist layer 3240 has been added, 
exposed to high intensity light, baked, and developed, and 
wafer portion 3202 has been etched. Again, these StepS are 
performed in step 2810 of method 2800. Opening or space 
3230 has been etched into P-well 2716. The resist will be 
Stripped, leaving the Substrate with the groove formed into 
its Surface. The gate oxide will be deposited or grown, and 
the gate conductor stack formed as in step 2820 of method 
2800. 

0140. Once the entire gate conductor stack, and bit lines 
have been deposited, the DRAM array should be similar to 
wafer 3250 of FIG. 33. Groove 3280 in FIG. 33 has been 
formed under gate conductor 2960 to effectively become 
part of gate conductor 2960 after the gate conductor has been 
deposited. Dimensions 3290, 3291 are overlap dimensions. 
Overlap dimension 3291 is the distance that the gate con 
ductor can be “moved” (deposited) toward the right before 
the gate conductor fail to will completely cover groove 
3280. Similarly, overlap dimension 3290 is that distance for 
which gate conductor 2960 can be moved toward the left and 
still completely cover groove 3280. Any further movement 
in either direction will not allow the gate conductor to cover 
the groove, which will cause Some type of defect. For 
instance, electrical shorts between the gate and a contact 
may occur, or the gap between the gate conductor and the 
edge of the groove may be undesirably etched, which would 
etch the groove filler material or the groove conductive 
material. 

0141 Referring now to FIGS. 34 and 35, top views of a 
wafer are shown. These figures illustrate removal of resist in 
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the Support area So that the ends of the "loops' caused by 
hybrid resist processing may be removed. FIG. 34 is a 
Snapshot of the wafer taken just after step 2840 of method 
2800, where the hybrid resist was patterned. The resist after 
exposure but before baking will have high exposure areas, 
low exposure areas, and intermediate exposure areas. The 
Shading in the figure indicates the exposure level. Wafer 
portion 3300 has unexposed (positive tone) portions 3340, 
high energy exposed (negative tone) portions 3330, and 
intermediate energy exposed portions 3350. In this example, 
a mask equivalent in shape to unexposed portions 3340 will 
create the shapes shown in FIG. 34. The array 3310 is 
shown as a Series of alternating lines of high energy exposed 
and unexposed areas that will later become gates after 
intermediate energy exposed portions are removed in Step 
2860 of method 2800 (in this example, the gate areas are 
shown as different widths, normally, the Same width gate 
structures will be used). Support area 3320 shows a gate 
conductor in the Supports that will later be used for timing 
circuits, Sense amps, etc. 
0142. After baking (if baking is needed), it is preferred 
that the unexposed regions in Support area 3320 be removed. 
A Second expose is preferably performed that uses a reticle 
that is dark in the array and open in the Supports. This 
exposure is performed using at least an intermediate energy 
light source. The previously unexposed portions 3340 will 
now be exposed with at least an intermediate energy, and 
these areas will become soluble to developer. The high 
energy exposed areas 3330 will not be affected by this 
Second exposure. A second post-expose bake is generally not 
performed. The end result is shown in FIG. 35 (shown after 
develop), where non-blanket exposed area 3360 has pre 
vented unexposed portions 3340 from being exposed and 
blanket expose area 3370 has exposed unexposed portions 
3340 to create large areas of intermediate energy exposed 
areas 3350. This blanket exposure, thus, could be a step 
between steps 2840 and 2860 of method 2800. All interme 
diate energy exposed areas of resist are Subsequently 
removed in step 2860 of method 2800. Other methods 
known to those skilled in the art may also be used to remove 
hybrid resist from the Support areas. 
0.143 What has been described thus far is one preferred 
embodiment to create a long gate DRAM Structure, with or 
without grooved gates, that uses hybrid resist processing. 
Similarly, other image enhancement techniques may be used 
to create the Same Structures. In particular, phase mask 
processing may be used to make long gates and Small spaces 
between gates, or grooved gate Structures along with long 
gates and Small Spaces. 
0144) Referring now to FIG. 36, a method 3500 for 
creating long gates, with or without grooves, using phase 
edge processing is shown. Method 3500 is very similar to 
method 2800, so only the major differences will be discussed 
here. One distinct difference is the use of negative resist, 
instead of hybrid resist, in most processing Steps. Because 
phase edge processing generally does not make Spaces that 
are as Small as equivalent Spaces made by hybrid resist 
processing, it may be beneficial to use hard mask and Spacer 
technology to decrease the Size of the Space that is made in 
the resist. This space will then become the Small space 
between gate conductors once etching is performed. Hard 
mask and Spacer technology may also be used to make 
grooves for grooved gate Structures, if these Structures are 
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desired. Having a Smaller groove will allow easier alignment 
of the gate to the groove and, thus, will allow greater proceSS 
latitude. 

0145 The other major difference between method 3500 
and method 2800 is that a blanket expose is generally not 
used in the Support areas. Instead, a trim mask is used to 
remove unwanted trenches at the end of the array. This will 
be discussed in more detail in reference to FIGS. 40 and 41. 

0146). In method 3500 of FIG. 36, after the negative resist 
has been deposited and patterned in steps 3520 and 3530, the 
Smaller spaces between gates may be etched directly (imme 
diately, without further processing) in step 3570, or hard 
mask and spacer technology (step 3560) may be used to 
decrease the size of the Spaces prior to etching the entire gate 
conductor Stack. There are Several ways of using hard mask 
and Spacer technology to decrease the size of Spaces 
between the gates; two of the most preferred will be dis 
cussed below. 

0147 Turning now to FIG. 37, a wafer is shown after 
negative resist has been applied and patterned (after Step 
3530 of method 3500). In FIG.37, a phase edge mask 3600 
and a wafer portion 3650 are shown. Phase edge mask has 
open (not phase-shifted) portions 3604 and phase shift 
portions 3602. Open portions 3604 do not interfere with 
incident radiation, while phase shift portions 3602 shift the 
phase of the incident light 180 degrees. AS explained in the 
background, this causes destructive interference in the area 
near the junction of the two mask portions. This destructive 
interference causes a lower light intensity in this area, which 
does not cause the negative photoresist to cross-link and 
become insoluble to developer. Thus, after baking (which 
helps the negative photoresist to become cross-linked) and 
develop, the areas exposed to this lower intensity radiation 
will be removed. 

0148 Wafer portion 3650 shows this removal and expo 
sure process. Wafer portion 3650 is a snapshot of a wafer 
after step 3550 of method 3500. Negative resist layer 3630 
has high energy exposed portions 3635 and spaces 3690, 
which were exposed to lower energy radiation and Subse 
quently removed during develop. 

0149 If hard mask and spacer technology are not used at 
this point to decrease the size of spaces 3690, then the steps 
of method 3500 are very similar to the steps of method 2800. 
See the figures related to method 2800 for further visual 
representation of the major Steps involved with creating long 
gate conductors and grooved gates. If Spacer technology will 
be used to decrease the size of spaces 3690 (which then will 
decrease the width of the Spaces between gates after etch 
ing), a picture similar to that shown in FIG. 38 will be 
achieved. 

0150 FIG.38 shows a preferred method of using spacers 
to reduce the size of spaces 3690. A negative resist layer (not 
shown) is patterned and developed, the wafer is etched to 
create the 0.8 F spaces shown in insulating layer 3640 
(corresponding to step 3530 of method 3500). At this point, 
the preferred method of using Spacers to reduce the size of 
spaces begins by performing step 3560. In step 3560, the 
negative resist layer is removed. Sidewall spacers 3740 are 
then added to insulating layer 3640 by forming a layer 
Second film (which is generally a dielectric) over the insu 
lating layer 3640 and then directionally etching this second 
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film. The directional etching (which is usually a reactive ion 
etch) removes the film from horizontal Surfaces, leaving the 
spacers 3740 on vertical surfaces shown in FIG. 38. The 
thickness of the Second film is generally determined by the 
reduction in the Space desired. For instance, if there are 0.8 
F spaces and 0.4 F spaces are desired, then 0.2 F would be 
the thickness of the second film that would be formed. The 
two spacers on both Sidewalls of the Space will reduce the 
space by 0.2 F (the first spacer) and another 0.2 F (the second 
spacer), for a total of 0.4 F reduction in the space's width. 
After the Spacers have been formed, the wiring or gate 
contact layer 3645 and gate conductor layer 3660 are etched 
to create spaces 3690. Spacers 3740 are then removed, if 
desired, and further processing is performed to complete the 
DRAM structures (for instance, more insulating material 
may be deposited, the word lines deposited, etc.). This 
method may also be used to decrease the size of Spaces made 
with the hybrid resist method 2800 of FIG. 28. In addition, 
any method known to those skilled in the art may be used to 
decrease the sizes of SpaceS for the preferred methods of the 
present invention. 
0151. Finally, FIGS. 39 and 40 illustrate top views of 
wafers after exposures. These figures illustrate cutting off 
the ends of the "loops' caused by phase edge processing. 
FIG. 39 shows wafer portion 3800 after exposure to high 
intensity radiation. High intensity exposed areas 3880 are 
next to lower intensity exposed areas 3840 in array 3810. In 
this example, a chromed portion of the mask has been added 
to create unexposed portions 3850 in supports 3820. Unex 
posed portions 3850 and lower intensity exposed areas 3840 
will be removed in Subsequent develop steps. To remove the 
portions of high intensity exposed area 3880 that are at the 
end of array 3810, a trim mask 3860 may be used. The result 
of using a trim mask to remove the loops is shown in FIG. 
40, and the process to use the trim mask is described below. 
0152 The trim mask steps are generally performed after 
the gate conductor cap, Such as oxide, has been deposited or 
groan. The gate conductor cap acts as a hard mask. Resist is 
then applied, exposed, developed, and used as a mask (trim 
mask 3860) to etch the oxide exposed in the trim areas. Then 
the trim resist is Stripped, and the etched oxide pattern is 
used to mask the etch of the conductive layers in the gate 
conductor Stack. This process is preferable because it mini 
mizes the amount of etching that would be done on the gate 
oxide over the diffusion areas. If the phase pattern was 
initially etched through the entire gate conductor Stack, then 
the trim etch would be impinging on portions of the gate 
oxide throughout the entire etch of the gate Stack, and the 
selectivities might not be sufficient. Also, there would be 
more topography during the expose of the trim mask if the 
entire gate Stack had been etched at the phase mask resist 
layer, which would make it more difficult to print the trim 
portion while maintaining image size control and avoiding 
residual resist in the deep topography areas. 
0153. Thus, while the trimming step may be performed 
after completely etching the gate Stack, it is preferred that 
the pattern for the gate stack etch be applied as in steps 3520 
to 3560 of method 3500, the insulating layer etched (step 
3570 of method 3500), the negative resist (and, if used, 
Spacers) Stripped, and then a fresh layer of resist applied 
(positive or negative) that is patterned to uncover or reveal 
trim mask area 3860 after the resist has been exposed, baked 
and developed. Then the trim mask area 3860 can be etched 
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to remove the loops, the resist layer removed, and the gate 
conductor Stack etched by using the “mask’ created by the 
previous etch (step 3570) of the insulating layer. FIGS. 39 
and 40 illustrate this process. Trim mask area 3860, there 
fore, allows the loops at the end of the array to be removed. 
0154) In addition to hybrid resist and phase edge pro 
cessing, other techniques may be used to make Small spaces 
between gates. For instance, it is possible to make a mandrel 
along the Sidewall of an etched image. The mandrel could be 
made from oxide or nitride. This mandrel or Spacer could be 
very thin, as thin as one can make a Spacer. The gap between 
the Spacers can then be filled with another material Such as 
polysilicon. The mandrel can be removed by wet or dry 
etching to create a Small space. Unfortunately, this type of 
processing is currently very complex and expensive, and 
thus is not preferred. In addition, regular resist and photo 
lithographic processes, combined with hard mask and Spacer 
technology, may be used to etch Smaller Spaces and create 
longer gates for the same pitch size. 
O155 Thus, the preferred embodiments capitalize on the 
unique properties of hybrid resist and phase edge processing 
to form long gates and Small Spaces between gates. This 
allows the pitch to remain the same while making the gates 
longer. The preferred embodiment creates cells that have 
less leakage and yet are physically the same size. Adding 
grooved gates to this structure will decrease leakage effects. 
While the invention has been particularly shown and 
described with reference to exemplary embodiments using 
hybrid resist and phase edge processing to form long gates, 
those skilled in the art will recognize that the preferred 
embodiment can be applied to other applications where 
reduction in leakage and increases in gate size without 
increasing the total pitch is needed, and that various changes 
in form and details may be made therein without departing 
from ASSR fydföRRigi ESSES memory device, 
the method comprising the Steps of 

a) forming a gate Stack layer on a Substrate; 
b) patterning the gate Stack layer to define a gate and two 

Spaces on each side of the gate, the gate and one of the 
two spaces having a total width that is approximately 
2.0F, wherein the gate has a width that is at least twice 
the width of the one space; and 

c) forming first and Second Source/drain regions in the 
Substrate on opposite Sides of the gate. 

2. The method of claim 1 wherein the gate Stack layer 
further comprises an insulating layer and wherein the Step of 
patterning the gate Stack layer to define a gate and two 
Spaces on each side of the gate comprises the Step of forming 
Sidewall Spacers on the insulating layer to reduce the Size of 
the Spaces. 

3. The method of claim 1 wherein the step of forming a 
gate Stack layer on a Substrate comprises the Steps of: 

i) forming in the Substrate a groove having a width that is 
Smaller than the gate; 

ii) forming an insulating layer over the Substrate; and 
iii) depositing the gate Stack layer. 
4. The method of claim 3 wherein the step of forming in 

the Substrate a groove having a width that is Smaller than the 
gate comprises forming the groove by using hybrid photo 
resist. 
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5. The method of claim 1 further comprising the step of 
forming a deep trench capacitor in the Substrate Such that the 
deep trench capacitor has a Storage electrode electrically 
connected to one of the first and Second Source/drain 
regions. 

6. The method of claim 5 further comprising forming a bit 
line that is electrically connected to the other of the first and 
Second Source/drain regions. 

7. The method of claim 1 wherein the step of patterning 
the gate Stack layer to define a gate and two spaces on each 
Side of the gate comprises the Step of using hybrid photo 
resist to define the gate and the two spaces on each side of 
the gate. 

8. The method of claim 1 wherein the gate stack layer 
further comprises an insulating layer and wherein the Step of 
patterning the gate Stack layer to define a gate and two 
Spaces on each Side of the gate comprises the Steps of 

i) depositing a hybrid photoresist layer onto the gate Stack 
layer; 

ii) exposing said hybrid photoresist layer through a mask 
comprising a shape Such that first portions of Said 
hybrid photoresist are exposed to a high exposure level, 
Second portions of Said hybrid photoresist are exposed 
to a medium exposure level, and third portions of Said 
hybrid photoresist are exposed to a low exposure level; 

iii) developing the hybrid photoresist layer Such that the 
Second portions of the hybrid photoresist are removed, 
the removal of the Second portions exposing two 
regions of the insulating layer; 

iv) etching the insulating layer; 
V) forming spacers over Sidewalls of the insulating layer 

to reduce the width of the two regions of the insulating 
layer; and 

Vi) etching the two regions of the insulating layer to form 
the two spaces on each side of the gate. 

9. The method of claim 8 wherein the step of developing 
the hybrid photoresist layer further exposes at least one loop, 
wherein the Substrate further comprises a gate area in which 
the two regions of the insulating layer are formed and at least 
one Support area in which the at least one loop is formed, and 
wherein the method, after the Step of exposing Said hybrid 
photoresist layer but before the step of developing the hybrid 
photoresist layer, further comprises the Step of blanket 
exposing the at least one Support area with at least an 
intermediate light energy capable of making the hybrid resist 
that is exposed in this Step Soluble to developer in the Step 
of developing the hybrid photoresist layer. 

10. The method of claim 1 wherein the step of patterning 
the gate Stack layer to define a gate and two spaces on each 
Side of the gate comprises the Steps of 

i) depositing a hybrid photoresist layer onto the gate Stack 
layer; 

ii) exposing said hybrid photoresist layer through a mask 
comprising a shape Such that first portions of Said 
hybrid photoresist are exposed to a high exposure level, 
Second portions of Said hybrid photoresist are exposed 
to a medium exposure level, and third portions of Said 
hybrid photoresist are exposed to a low exposure level; 

iii) developing the hybrid photoresist layer Such that the 
Second portions of the hybrid photoresist are removed, 
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the removal of the Second portions exposing two 
regions of the gate Stack layer; and 

iv) etching the two regions of the gate Stack layer to form 
the two spaces on each Side of the gate. 

11. The method of claim 1 wherein the step of patterning 
the gate Stack layer to define a gate and two spaces on each 
Side of the gate comprises the Steps of 

i) depositing a negative photoresist layer onto the gate 
Stack layer; 

ii) exposing the negative photoresist layer to define two 
regions of the negative photoresist layer; 

iii) developing the negative photoresist layer to expose 
two regions of the gate Stack layer; 

iv) forming spacers over Sidewalls of the negative pho 
toresist layer to reduce the width of the two regions, 
and 

V) etching the two regions of the gate Stack layer to form 
the two spaces on each Side of the gate. 

12. The method of claim 11 wherein the gate stack layer 
further comprises an insulating layer that is beneath the 
negative photoresist layer, wherein the Step of developing 
the negative photoresist layer further exposes at least one 
loop, wherein the Substrate further comprises a gate area in 
which the two regions of the gate Stack layer are formed and 
at least one Support area in which the at least one loop is 
formed, and wherein the Step of etching the two regions of 
the gate Stack layer to form the two spaces on each side of 
the gate further comprises the Steps of 

i) removing the negative layer of photoresist; 
ii) etching through at least part of the insulating layer to 

create a hard mask, 

iii) depositing a second layer of photoresist onto the gate 
Stack layer; 

iv) patterning the Second layer of photoresist to create a 
trim mask in the at least one Support area, the trim mask 
exposing the at least one loop; 

V) etching the gate Stack area in the trim mask to remove 
the at least one loop; 

vi) removing the Second layer of photoresist; and 
vii) etching the gate Stack layer using the hard mask. 
13. The method of claim 1 wherein the gate stack layer 

further comprises an insulating layer and wherein the Step of 
patterning the gate Stack layer to define a gate and two 
Spaces on each side of the gate comprises the Steps of 

i) depositing a negative photoresist layer onto the gate 
Stack layer; 

ii) exposing the negative photoresist layer to define two 
regions of the negative resist layer; 

iii) developing the negative photoresist layer to expose 
two regions of the insulating layer; 

iv) etching the insulating layer; 
V) forming spacers over Sidewalls of the insulating layer 

to reduce the width of the two regions of the insulating 
layer; and 

Jun. 7, 2001 

Vi) etching the two regions of the insulating layer to form 
the two spaces on each side of the gate. 

14. The method of claim 1 wherein the step of patterning 
the gate Stack layer to define a gate comprises the Steps of: 

i) depositing a negative photoresist layer onto the gate 
Stack layer; 

ii) exposing said negative photoresist layer through a 
mask comprising a first region that abuts a Second 
region that also abuts a third region, wherein the first 
region and the third region are at a first phase and the 
Second region is at a Second phase that is about 180 
degrees from the first phase, Such that light that has 
passed through the second region will be about 180 
degrees out of phase with light that has passed through 
the first and third regions, and wherein first portions of 
Said negative photoresist are exposed to a high expo 
Sure level, and Second portions of Said negative pho 
toresist are exposed to a low exposure level, the low 
exposure level occurring under the abutment of the first 
and Second Source/drain regions and the abutment of 
the Second and third regions, 

iii) developing the negative photoresist layer Such that the 
Second portions of the hybrid photoresist are removed, 
the removal of the Second portions exposing two 
regions of the gate Stack layer; 

iv) forming spacers over Sidewalls of the negative pho 
toresist layer to reduce the width of the two regions, 
and 

V) etching the two regions of the gate Stack layer to form 
the two spaces on each side of the gate. 

15. A method for forming a transistor in a memory device, 
the method comprising the Steps of 

a) forming a gate Stack layer on a Substrate; 
b) patterning the gate Stack layer to define a gate and two 

Spaces on each Side of the gate, the gate and one of the 
two spaces having a total width that is approximately 
2.0 F, the Step of patterning the gate Stack layer 
comprising the Steps of: 
i) depositing a negative photoresist layer onto the gate 

Stack layer; 
ii) exposing the negative photoresist layer to define two 

regions of the negative photoresist layer; 
iii) developing the negative photoresist layer to expose 
two regions of the gate Stack layer, and 

iv) etching the two regions of the gate Stack layer to 
form the two Spaces on each Side of the gate. 

c) forming first and Second Source/drain regions in the 
Substrate on opposite sides of the gate. 

16. The method of claim 15 further comprising the step of 
forming a deep trench capacitor in the Substrate Such that the 
deep trench capacitor has a Storage electrode electrically 
connected to one of the first and Second Source/drain 
regions. 

17. The method of claim 16 further comprising the step of 
forming a bit line that is electrically connected to the other 
of the first and Second Source/drain regions. 

18. The method of claim 15 wherein the step of forming 
a gate Stack layer on a Substrate comprises the Steps of: 
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i) forming in the Substrate a groove having a width that is 
Smaller than the gate; 

ii) forming an insulating layer over the Substrate; and 
iii) depositing the gate Stack layer. 
19. The method of claim 18 wherein the step of forming 

in the Substrate a groove having a width that is Smaller than 
the gate comprises forming the groove by using hybrid 
photoresist. 

20. A transistor used in memory circuits, the transistor 
comprising: 

a) a semiconductor Substrate; 
b) a gate dielectric layer formed on the Semiconductor 

Substrate; and 
c) a gate Stack layer formed on the gate dielectric layer, 

the gate Stack layer comprising a gate with two Spaces 
on either Side of the gate, wherein the gate and one of 
the two spaces have a total width that is approximately 
2.0 F and wherein the gate has a width that is at least 
twice the width of the one space. 
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21. The transistor of claim 20 further comprising first and 
Second Source/drain regions formed in the Semiconductor 
Substrate underneath the two spaces. 

22. The transistor of claim 21 wherein there is a groove 
located in the Substrate between the first and Second Source/ 
drain regions, the groove having a width that is less than the 
width of the gate. 

23. The transistor of claim 22 wherein the gate stack layer 
further comprises a dielectric layer and a conductive layer, 
the conductive layer formed over the dielectric layer. 

24. The transistor of claim 20 further comprising a deep 
trench capacitor in the Substrate, the deep trench capacitor 
having a Storage electrode electrically connected to one of 
the first and Second Source/drain regions. 

25. The transistor of claim 24 further comprising a bit line 
that is electrically connected to the other of the first and 
Second Source/drain regions. 


