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(57) ABSTRACT 

There are provided methods for making a reticle for use in 
a photolithography process, comprising forming at least tWo 
printable features on a reticle substrate, and forming at least 
one sub-resolution connecting structure on the reticle sub 
strate, the sub-resolution connecting structure connecting at 
least tWo of the printable reticle features, as Well as reticles 
formed according to such methods. In addition, there are 
provided computer-implemented methods for designing 
such a reticle, as Well as computer readable storage media, 
computer systems and computer programs for use in making 
such reticles. In addition, there are provided photolitho 
graphic processes using such a reticle. The reticle may be a 
binary mask, a phase shift mask, or an attenuated phase shift 
mask. 
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FIG. 1A 
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FIG. 1B 
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FIG. 1C 
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FIG. 2A 
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FIG. 2B 
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FIG. 2C 
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FIG. 8 
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FIG.9 
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FIG. 10 
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METHOD FOR DESIGNING AND MAKING 
PHOTOLITHOGRAPHIC RETICLE, RETICLE, 
AND PHOTOLITHOGRAPHIC PROCESS 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to the ?eld 
of semiconductor fabrication, more particularly, to a reticle 
for use in a photolithography process during semiconductor 
fabrication, and a method for designing such a reticle. 

BACKGROUND OF THE INVENTION 

[0002] In the manufacture of semiconductor chip devices, 
photolithographic processes are often used to pattern various 
layers on a Wafer in order to produce circuit features (e.g., 
transistors or polygates, Wing patterns, capacitors, etc.) 
positioned as speci?ed in a circuit feature layout. In such 
processes, a layer of resist (also referred to as “photoresist”) 
is deposited on the layer being patterned, and the resist is 
then exposed using an exposure tool and a template. These 
templates are knoWn in the art as reticles or masks. For 
purposes of the present application, the term reticle includes 
both reticles and masks. During the exposure process, the 
reticle is typically placed over the resist, and then a form of 
radiant energy such as ultraviolet light is directed toWard the 
reticle to selectively expose the resist in a desired pattern. A 
preferred device for creating such exposure is knoWn as a 
“stepper.” 

[0003] One type of reticle Which has been used is referred 
to as a binary reticle. A binary reticle includes reticle 
features, namely transparent features (areas through Which 
exposure passes) and opaque features (areas Which block 
exposure). The design of the reticle features is typically 
shoWn in a tWo-dimensional “reticle layout”, although the 
reticle itself typically includes tWo or more layers,(e.g., a 
transparent layer and a patterned opaque layer). In use, 
radiant energy is directed toWard the binary reticle, and the 
radiant energy is blocked by the opaque areas but passes 
through the transparent areas to pattern-Wise expose the 
resist. After pattern-Wise exposure, the resist is developed to 
remove either the exposed portions of the resist (a positive 
resist) or the unexposed portions of the resist (a negative 
resist), thereby forming a patterned resist on the layer being 
patterned. The patterned resist is then used to protect a 
corresponding pattern of underlying areas on the layer 
during subsequent fabrication processes, such as deposition, 
etching or ion implantation processes. Thus, the patterned 
resist prevents or substantially prevents the effects of the 
fabrication process(es) from being produced in the layer in 
areas of the layer Which lie beneath portions of the resist 
Which have not been removed. The reticle is designed so as 
to enable exposing the resist in a pattern Which corresponds 
to the feature or features Which are desired to be formed. 

[0004] There are a number of effects caused by diffraction 
of exposure Which tend to distort the patterns formed in a 
resist, i.e., Which cause the pattern formed in a resist to differ 
from the pattern formed in the reticle. 

[0005] Due to limitations imposed by the Wavelength of 
light used to transfer the pattern, resolution degrades at the 
edges of the patterns of the reticle. Such degradation is 
caused by diffraction of the exposure such that it is spread 
outside the transparent areas. Phase shift masks (PSMs) 
have been used to counteract these diffraction effects and to 
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improve the resolution and depth of images projected onto 
a target (i.e., the resist covered Wafer). There are a variety of 
PSMs. One kind of PSM includes a phase shifting layer 
having areas Which alloW close to 100% of the exposure to 
pass through but phase shifted 180 degrees relative to 
exposure passing through a transparent layer. Attenuated 
PSMs utiliZe partially transmissive regions Which pass a 
portion of the exposure, e. g., about three to eight percent, out 
of phase With exposure through transparent areas. Typically, 
the shift in phase is 180 degrees, such that the portion of 
exposure passing through the partially transmissive regions 
destructively interferes With exposure Which is spread out 
side the transparent areas by diffraction. Phase shift masks 
can thereby increase image contrast and resolution Without 
reducing Wavelength or increasing numerical aperture. 
These masks can also improve depth of focus and process 
latitude for a given feature siZe. Designs of such reticles 
typically are represented using one or more tWo-dimensional 
reticle layouts including appropriate reticle features, e.g., 
selected from among transparent features, opaque features, 
phase shifting features and phase shifting attenuating fea 
tures. 

[0006] There has been an ongoing need to increase the 
density of features contained in semiconductor devices, by 
making the features smaller and/or reducing the amount of 
space betWeen features. Advances in feature density have 
required that reticles include correspondingly smaller and/or 
more densely packed features. The extent to Which features 
printed by photolithographic methods can be reduced in siZe 
is limited by the resolution limit of the exposure device. The 
resolution limit of an exposure tool is de?ned as the mini 
mum feature dimension that the exposure tool can repeat 
edly expose onto the resist, and is a function of the Wave 
length of exposure emitted by the stepper, the aperture 
through Which exposure is emitted, the depth of focus and 
other factors. Thus, reticle design is limited in that the gaps 
betWeen respective features on the reticle (i.e., transparent 
regions, opaque regions and/or phase shifted regions) must 
be large enough for the circuit features to be correctly 
printed. 
[0007] The critical dimension (CD) of a circuit pattern is 
de?ned as the smallest Width of a line in the pattern, or the 
smallest space betWeen lines in the pattern. The CD thus 
directly affects the siZe and density of the design. As the 
density of features in a pattern is increased, the CD of the 
design approaches the resolution limit of the stepper. As the 
CD of a circuit layout approaches the resolution limit of the 
stepper, the diffraction of exposure causes increasingly 
signi?cant distortions of the pattern being created. 

[0008] These distortions are knoWn as optical proximity 
effects. The primary optical proximity effects are that cor 
ners of features are rounded, isolated features print differ 
ently from identically shaped and siZed semi-isolated or 
densely packed features, smaller features are printed rela 
tively smaller than larger features, and relatively thin line 
features are shortened. Features Which are in close proximity 
to other features tend to be more signi?cantly distorted than 
features Which are relatively isolated from other features. 
Furthermore, optical proximity effect distortion is com 
pounded by subsequent processing step distortions such as 
resist processing distortions and etching distortions. 

[0009] As a result, many design techniques have been 
developed, With the goal being to reduce such distortion. 
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Such techniques, referred to in the art as optical proximity 
correction (OPC) techniques, involve adding and/or sub 
tracting areas to reticle design patterns such that the pattern 
formed by exposure through the reticle more closely corre 
sponds to the desired pattern. Typically, OPC is performed 
on a digital representation of a desired pattern, in Which the 
desired pattern is evaluated With softWare to identify regions 
Where distortion Will occur. Areas Which are added to the 
design, sometimes referred to as “serifs”, are typically 
designed such that their largest dimension is smaller than the 
resolution of the stepper. As a result, such areas counteract 
distortion but do not print to the resist. 

[0010] Us. Pat. No. 5,821,014 discloses a method com 
prising using scattering bars betWeen features for correcting 
for proximity effects. According to the patent, scattering bars 
are correction features (typically non-resolvable) that are 
placed next to isolated edges on a mask in order to adjust the 
edge intensity at the isolated edge to match the edge inten 
sity at a densely packed edge. 

[0011] Us. Pat. No. 5,707,765 discloses a method of 
making a photolithography mask that utiliZes serifs to 
increase the correspondence betWeen an actual circuit design 
and the ?nal circuit pattern on a semiconductor Wafer. The 
mask uses a plurality of serifs having a siZe determined by 
a resolution limit of the optical exposure tool used during the 
fabrication process. The serifs are positioned on the corner 
regions of the mask such that a portion of surface area for 
each of the serifs overlaps the corner regions of the mask. 
The siZe of the serifs is about one-third the resolution limit 
of said optical exposure tool. 

[0012] HoWever, the addition of serifs according to prior 
art reticle design techniques limits the extent to Which the 
density of features in a circuit can be increased While still 
maintaining adequate spacing betWeen the features in 
reticles used to pattern the resist used to provide such circuit 
features. 

[0013] For example, FIG. 1A is a partial vieW of an 
example of a desired repetitive circuit feature layout having 
densely packed circuit features 10, as Well as forbidden 
regions 13 in Which features cannot be present. FIG. 1B is 
a partial vieW of an example of a reticle layout for use in 
producing a device having the circuit feature layout shoWn 
in FIG. 1A, in Which the reticle layout is formed using prior 
art techniques. As shoWn in FIG. 1B, the reticle layout 
having has densely packed printable reticle features 11 and 
serifs 12. It is necessary that there be at least a minimum 
amount of space betWeen each of these features, e.g., in 
order that the reticle can be properly inspected using existing 
inspection procedures. If such minimum siZed gaps are not 
present, current inspection procedures cannot identify the 
presence of the gap. As such inspection procedures are 
developed Which can perform inspection despite smaller 
gaps, the present invention Will still be applicable for the 
same reasons as described above, but With the tolerances of 
design being adjusted appropriately. FIG. 1C is a partial 
vieW of a computer-generated simulation of the pattern of 
exposure areas 14 Which Would be exposed if exposure Were 
directed through a reticle having a reticle layout as shoWn in 
FIG. 1B. FIG. 1D is a vieW shoWing the pattern of FIG. 1C 
superimposed on the layout of FIG. 1A, demonstrating the 
variance of the actual pattern Which Will be produced 
relative to the desired pattern. This variance, at any given 
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point on the perimeter of a feature 10, is the distance from 
the point on the perimeter 16 of a feature 10 to the nearest 
point on the perimeter 15 of an exposure area 14. For 
example, at point 17 in FIG. 1D, the variance is shoWn by 
the length of the line segment identi?ed With reference 
number 18. Returning to FIG. 1B, as the gaps 19 become 
smaller, there reaches a point Where there is insuf?cient 
space betWeen serifs 12 to increase their siZe to reduce this 
variance. 

[0014] Accordingly, in such a situation, the prior art reticle 
design method has reached the point Where the variance 
betWeen the actual exposure pattern and the desired expo 
sure pattern cannot be substantially improved. Therefore, 
according to the prior art method, the reticle layout of FIG. 
1B Would be sent to a mask shop or the like, Where a reticle 
Would be manufactured Which conforms to FIG. 1B. In such 
a reticle, opaque regions Would be formed in all areas other 
than areas 11 and 12. Thus, for a binary reticle, the com 
pleted reticle Would include transparent portions in areas 11 
and 12, and exposure blocking regions everyWhere else. In 
the case of a phase shift mask, the completed reticle Would 
include transparent portions in areas 11 and 12, and phase 
shift regions everyWhere else. 

[0015] FIG. 2A is a partial vieW of a second example of 
a desired repetitive circuit feature layout having densely 
packed circuit features 20, as Well as forbidden regions 23 
in Which features cannot be present. FIG. 2B is a partial 
vieW of an example of a reticle layout for use in producing 
a device having the circuit feature layout shoWn in FIG. 2A, 
the reticle layout being formed using prior art techniques. 
The reticle layout has densely packed printable reticle 
features 21 and serifs 22. FIG. 2C is a partial vieW of a 
computer-generated simulation of the pattern Which Would 
be exposed if exposure Were directed through a reticle 
having a reticle layout as shoWn in FIG. 2A. FIG. 2D is a 
vieW shoWing the pattern of FIG. 2C superimposed on the 
layout of FIG. 2A, demonstrating the variance of the actual 
pattern Which Will be produced relative to the desired 
pattern. Analogously to FIG. 1D, in FIG. 2D. this variance, 
at any given point on the perimeter of a feature 20, is the 
distance from the point on the perimeter 26 of a feature 20 
to the nearest point on the perimeter 25 of an exposure area 
24. For example, at point 27 in FIG. 2D, the variance is 
shoWn by the length of the line segment identi?ed With 
reference number 28. Returning to FIG. 2B, it is seen that 
there is insuf?cient space betWeen serifs 22 to increase their 
siZe to reduce this variance. In FIG. 2B, as in FIG. 1B, there 
is insuf?cient space betWeen serifs 22 to increase their siZe 
to reduce this variance. Accordingly, the prior art reticle 
design method of FIG. 2B has reached the point Where the 
variance betWeen the actual exposure pattern and the desired 
exposure pattern cannot be substantially improved. 

[0016] There is an ongoing need for methods of designing 
reticles Which can be used to form features Which are packed 
in patterns Which are increasingly more dense, While reduc 
ing or eliminating printing errors and decreasing the vari 
ance betWeen the actual exposure pattern and the desired 
exposure pattern. 

SUMMARY OF THE INVENTION 

[0017] The present invention provides a method for 
designing reticles Which can be used to produce circuit 










