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(57) ABSTRACT 

A method for optimizing imaging and process parameter 
Settings in a lithographic pattern imaging and processing 
system. The method includes correlating the dimensions of a 
first set of at least one control pattern printed in a lithographic 
resist layer, measured at three or more locations on or within 
the pattern which correspond to differing dose, defocus and 
blur sensitivity. The method then includes measuring the 
dimensions on Subsequent sets of control patterns, printed in 
a lithographic resist layer, at three or more locations on or 
within each pattern, of which a minimum of three locations 
match those measured in the first set, and determining the 
effective dose, defocus and blur values associated with form 
ing the Subsequent sets of control patterns by comparing the 
dimensions at the matching locations with the correlated 
dependencies. 
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FOCUS BLUR MEASUREMENT AND 
CONTROL METHOD 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates generally to semicon 
ductor manufacturing and, more particularly, to the charac 
terization and control of lithographic process conditions used 
in microelectronics manufacturing. 
0003 2. Description of Related Art 
0004. During microelectronics manufacturing, a semicon 
ductor wafer is processed through a series of tools that per 
form lithographic processing, usually followed by etch or 
implant processing, to form features and devices in the Sub 
strate of the wafer. Such processing has a broad range of 
industrial applications, including the manufacture of semi 
conductors, flat-panel displays, micromachines, and disk 
heads. 
0005. The lithographic process allows for a mask or reticle 
pattern to be transferred via spatially modulated light (the 
aerial image) to a photoresist (hereinafter, also referred to 
interchangeably as resist) film on a Substrate. Those segments 
of the absorbed aerial image, whose energy (so-called actinic 
energy) exceeds a threshold energy of chemical bonds in the 
photoactive component (PAC) of the photoresist material, 
create a latent image in the resist. In some resist systems the 
latent image is formed directly by the PAC; in others (so 
called acid catalyzed photoresists), the photo-chemical inter 
action first generates acids which react with other photoresist 
components during a post-exposure bake to form the latent 
image. In either case, the latent image marks the Volume of 
resist material that either is removed during the development 
process (in the case of positive photoresist) or remains after 
development (in the case of negative photoresist) to create a 
three-dimensional pattern in the resist film. In Subsequent 
etch processing, the resulting resist film pattern is used to 
transfer the patterned openings in the resist to form an etched 
pattern in the underlying substrate. It is crucial to be able to 
monitor the fidelity of the patterns formed by both the pho 
tolithographic process and etch process, and then to control or 
adjust those processes to correct any deficiencies. 
0006 Lithographic systems replicate circuit patterns by 
projecting the image of a mask pattern onto a wafer, and 
consist of imaging tools that expose patterns and processing 
tools that coat, bake and develop the substrates. The pattern 
may consist of features of varying size and density, all of 
which must be printed simultaneously with dimensional 
fidelity to design. As used herein, the term critical dimension 
(CD) or critical width refers to the smallest dimension of a 
pattern or feature that can be produced by the lithographic 
system. 
0007. The dose setting on the imaging tool determines the 
average energy in the aerial image. Optimum dose produces 
energy equal to the resist threshold at the desired locations on 
the pattern. The focus setting on the imaging tool determines 
the average spatial modulation in the aerial image. Optimum 
focus produces the maximum modulation in the image. The 
settings of many other imaging and processing tool param 
eters determine the “effective' dose and defocus (deviation 
from optimum focus) that form the latent image in the resist 
film. Dimensional fidelity depends primarily on the control of 
these two image attributes: 1) the average energy in the image 
determined by dose and 2) the modulation in the image deter 
mined by focus. 
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0008 To achieve optimum dimensional control the image 
must be brought into focus on the wafer Surface at a dose 
corresponding to the desired pattern dimensions. This 
requires both that the wafer be positioned in the focal plane of 
the projection lens and that the focal plane be well defined and 
stable. Focus error has been found to have two distinct char 
acteristics: a) defocus, where the focal plane is displaced from 
the desired surface, and b) blur, where the focal plane is 
ill-defined. While defocus and blur can have similar deleteri 
ous effects on the quality of the printed image, their cause and 
means of control are different. 

0009 Defocus erroris shown in FIG.1, where lightenergy 
from a source 20 is focused by a lens 22 to a focal plane 26a. 
which is displaced by distance D from wafer surface 24. In 
step and scan lithography, causes of defocus include focus 
system error, tilts along the scan and slit, wafer non-flatness, 
lens aberrations such as field curvature and astigmatism, and 
low-frequency vibration (i.e., where the frequency is less than 
the scan speed divided by the slit width). On the other hand, 
causes of blur include across slit tilt, chromatic aberration 
through the source bandwidth, and high-frequency vibration 
(i.e., where the frequency is greater than the scan speed 
divided by the slit width). Chromatic aberration and tilt 
induced blur are illustrated in FIGS. 2 and 3, respectively. In 
FIG. 2, chromatic aberration blur causes the different light 
frequencies from source 20 to focus at different planes 26b, 
26c. 26d. and not on wafer surface 24. In FIG.3, tilting of lens 
22 at angle C. from a line parallel to surface 24 causes multiple 
focal planes 26e, 26f 26g at different angles or tilts of the 
image plane 28 from wafer surface 24 across slit 29. Thus, it 
would be desirable to be able to distinguish defocus from blur 
to optimize the lithographic patterning process. 
(0010 U.S. application Ser. No. 10/771,684 by one of the 
instant inventors discloses a method for determining imaging 
and process parameter settings of a lithographic pattern imag 
ing and processing system. The method correlates the dimen 
sions of a first set of control patterns printed in a lithographic 
resist layer, measured at two or more locations on or within 
each pattern that correspond to different optimum focus set 
tings, to the dose and focus settings of the pattern imaging 
system to produce dependencies. The method then measures 
the dimensions on Subsequent sets of control patterns printed 
in a lithographic resist layer at two or more locations on or 
within each pattern, of which a minimum of two locations 
corresponding to different optimum focus settings match 
those measured in the first set, and Subsequently determines 
the effective dose and defocus values associated with forming 
the Subsequent sets of control patterns by comparing the 
dimensions at the matching locations with the correlated 
dependencies. However, the application discloses no method 
of determining blur error in control patterns, or the indepen 
dent measurement and control of blur, defocus and dose error. 

SUMMARY OF THE INVENTION 

0011 Bearing in mind the problems and deficiencies of 
the prior art, it is therefore an object of the present invention 
to provide an improved lithographic system for manufactur 
ing microelectronic circuits and other microelectronic fea 
tures. 

0012. It is another object of the present invention to pro 
vide improved utilization of measurements derived from CD 
metrology tools. 
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0013. A further object of the invention is to provide 
improved process parameter monitoring and control in litho 
graphic processing, particularly in controlling and eliminat 
ing blur error. 
0014. It is yet another object of the present invention to 
provide a method of distinguishing between defocus and blur 
error in lithographic imaging. 
0015 Still other objects and advantages of the invention 
will in part be obvious and will in part be apparent from the 
specification. 
0016. The above and other objects, which will be apparent 

to those skilled in art, are achieved in the present invention 
which is directed to a method for optimizing imaging and 
process parameter settings in a lithographic pattern imaging 
and processing system. The method comprises correlating the 
dimensions of a first set of at least one control pattern printed 
in a lithographic resist layer, measured at three or more loca 
tions on or within the pattern which correspond to differing 
dose, defocus and blur sensitivity. The method then includes 
measuring the dimensions on Subsequent sets of control pat 
terns, printed in a lithographic resist layer, at three or more 
locations on or within each pattern, of which a minimum of 
three locations match those measured in the first set, and 
determining the effective dose, defocus and blur values asso 
ciated with forming the Subsequent sets of control patterns by 
comparing the dimensions at the matching locations with the 
correlated dependencies. 
0017. The dimensions at the three or more locations are 
measured simultaneously. The locations of high defocus sen 
sitivity on or within a pattern preferably correspond to differ 
ent heights on the profile in the resist layer resulting from the 
image of a low density patternand the location of low defocus 
sensitivity preferably corresponds to a single height on the 
profile in the resist layer resulting from the image of a high 
density pattern. 
0.018. The dimensions of the first set of at least one control 
pattern may be measured at different blur condition of the 
pattern imaging system, with the different blur conditions 
being varied by changing bandwidth of illumination in the 
lithographic pattern imaging and processing system, or by 
changing tilt of an image plane in the lithographic pattern 
imaging and processing System. 
0019. The locations of high defocus and blur sensitivity 
preferably comprise isolated features for which pitch to an 
adjacent feature is significantly greater than twice the width 
of the smallest feature dimension. The locations of low defo 
cus and blur sensitivity preferably comprise nested features 
for which pitch to an adjacent feature is not significantly 
greater than twice the width of the smallest feature dimen 
S1O. 

0020. In another aspect, the present invention is directed to 
a method of determining blur error in lithographic imaging 
comprising providing nested and isolated features in a design 
to be lithographically patterned on a Substrate and litho 
graphically patterning the nested and isolated features on a 
substrate at different focus settings for different blur condi 
tions. The method also includes measuring dimensions of the 
nested feature at the different focus settings for the different 
blur conditions and measuring dimensions of the isolated 
feature at the different focus setting for the different radiation 
blur conditions. The method then include determining con 
tribution of blur error based on shifts in the dimension of the 
isolated feature at the different focus setting for the different 
blur conditions with respect to dimensions of the nested fea 
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ture. Preferably, the dimensions of the nested and isolated 
features are measured simultaneously. 
0021. The method may further include determining expo 
sure dose error and/or focus error based on any shifts in the 
dimension of the isolated feature at the different focus setting 
for the different blur conditions with respect to dimensions of 
the nested feature. 
0022 Preferably, the dimension of the isolated feature is 
sensitive to, and the dimension of the nested feature is rela 
tively insensitive to, the different focus setting for the differ 
ent blur conditions. 
0023 The different blur conditions may comprise differ 
ent spectral widths of radiation used for the lithographic 
patterning or different tilts of the image plane. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024. The features of the invention believed to be novel 
and the elements characteristic of the invention are set forth 
with particularity in the appended claims. The figures are for 
illustration purposes only and are not drawn to scale. The 
invention itself, however, both as to organization and method 
of operation, may best be understood by reference to the 
detailed description which follows taken in conjunction with 
the accompanying drawings in which: 
0025 FIG. 1 is a side elevational view showing defocus 
error in a lithographic projection system. 
0026 FIG. 2 is a side elevational view showing chromatic 
aberration blur in a lithographic projection system. 
0027 FIG.3 is a side elevational view showing tilt induced 
blur in a lithographic projection system. 
0028 FIG. 4 is a top plan view showing isolated and 
nested feature patterns on a mask or lithographically pro 
duced in a resist layer on a wafer Surface. 
0029 FIG. 5 is a top plan view showing isolated and 
nested feature patterns on a mask and as lithographically 
produced in a resist layer on a wafer Surface, with the nested 
feature pattern including Subresolution assist features not 
lithographically printed. 
0030 FIG. 6 is a graphical representation depicting 
through focus behavior of the width of simultaneously 
printed nested and isolated lines. 
0031 FIG. 7 is a graphical representation of the relation 
ship of linewidth to focus showing blur shifts in an isolated 
line response relative to a nested line. 
0032 FIG. 8 is a graphical representation of the variation 
of linewidth as a function of defocus and spectral width for 
nested and isolated lines. 

0033 FIG. 9 is a side elevational view of the profiles of 
isolated and nested pattern features as lithographically pro 
duced in a resist layer on a wafer Surface. 
0034 FIG. 10 is a graphical representation of the variation 
of critical dimension (CD) linewidth as a function of dose, 
focus and blur for line widths of isolated features at two 
different heights on the resist profile and the width of a nested 
feature at a single height on the resist profile. 
0035 FIG. 11 is a graphical representation of simulated 
data points with the expected variation of linewidth as a 
function dose, focus and blur for isolated and nested lin 
ewidths of FIG. 10. 
0036 FIG. 12 is a graphical representation of the variation 
of linewidth as a function of defocus and spectral width for 
nested and isolated lines. 
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0037 FIG. 13 is a flow chart summarizing the use of the 
method of the present invention into a lithographic control 
system to independently control defocus and blur error. 
0038 FIG. 14 is a flow chart showing the preferred 
embodiment of the present invention in a lithographic process 
control system to independently control defocus and blur 
eO. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT(S) 

0039. In describing the preferred embodiment of the 
present invention, reference will be made herein to FIGS. 
1-14 of the drawings in which like numerals refer to like 
features of the invention. 
0040. The inventors of the instant application have found 
that the response of measurable wafer pattern dimensions to 
dose, focus and blur errors depends on the mask pattern 
characteristics defined by various mask dimensions. As used 
herein, mask pattern dimensions are expressed at the same 
scale as wafer pattern dimensions. Mask patterns and wafer 
measurement can be designed to optimize sensitivity to indi 
vidual dose, focus or blur errors or combinations of thereof. 
Crucial to the invention is that three or more wafer dimen 
sions, simultaneously or separately measured, have distin 
guishable responses to the three primary errors: dose, defocus 
and blur. Ideally, each of the three dimensions would be 
linearly sensitive to a distinct primary error and insensitive to 
the other two. In practice, however, this cannot always be 
achieved. At or near the dose setting where feature dimen 
sions printed on the wafer match those on the mask, so-called 
nested or dense features are typically sensitive to dose, but 
insensitive to defocus and blur, whereas isolated features are 
sensitive to dose, defocus and blur. As used herein, the term 
nested feature refers to a feature or pattern for which pitch to 
an adjacent feature or pattern on the mask (P) is comparable 
to, i.e., not significantly greater or less than, twice the width of 
the smallest feature printed on the wafer. Nested patterns 
include patterns for which assist features are used on the 
mask. As used herein, the term isolated feature refers to a 
feature or pattern for which pitch to an adjacent feature or 
pattern on the mask is significantly greater than twice the 
width of the smallest feature printed on the wafer. 
0041 FIG. 4 depicts a pattern on a mask or as replicated 
lithographically in a resist layer on a wafer Surface, an iso 
lated feature pattern 40 made up of features or lines 42 of 
linewidth a, having a pitch of linewidth a+spacing b, where 
the pitch is much greater than 2xa. A nested feature pattern 50 
is made up offeatures or lines 52 of linewidtha, having a pitch 
of linewidth a +spacing c, where the pitch approximately 
equal to 2xa. In the target embodiment shown in FIG. 4. 
isolated and nested patterns on the mask are transferred to the 
wafer without change to the pitch. In the target embodiment 
shown in FIG. 5, the isolated pattern 40' is composed of 
features 42" having width a, and pitch P, and the nested 
pattern 50' on the mask 60 is comprised of features 52 and 54 
having distinct widths a and d, respectively, and pitch P. The 
width a of the so-called resolved features 42, 52' is suffi 
ciently large for the feature to print on wafer 70, whereas the 
width d of the so-called subresolution assist feature (SRAF) 
54' is sufficiently small for the feature not to print on the 
wafer, as a result of the wavelength of the illuminating light 
used in the lithographic process. Features 42 of isolated 
pattern 40' on the mask print normally on wafer 70 as features 
42" of pattern 40". Despite appearing isolated on the wafer, 
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features 52" printed using the “assisted mask pattern 
respond to dose, defocus and blur as if they were nested 
patterns. As a result, two patterns 40" and 50" of nominally 
identical pitch on the wafer can be used to distinguish dose, 
defocus and blur. This target configuration facilitates Subse 
quent optical measurement. 
0042. The dimensional variation of a printed feature with 
dose and focus is approximated by a parametric equation of 
the form: 

Was Wo + a D+ (a + as D)F' 

E. D = 1 - 
E 

F = Z - Zo 

where: 
as are fitted parameters, 
0043 W is the width of the printed feature, 
0044 D is the fractional dose relative to the dose E that 
produces dimension Wo at focus Zo 
004.5 F is the defocus relative to “best focus' Z, and best 
focus Zo is defined as the focus setting at which the rate of 
change of CD with focus is zero: 

W 

A nested feature at the isofocal dose 

D; i = -- isofoca d3 

exhibits no focus dependence in the neighborhood of best 
focus. On the other hand, an isolated feature is described by 
the condition 

ass0 

so that an isofocal dose is not possible, and focus dependence 
is assured. For the case of nested and isolated lines 

and the through focus variation is shown in FIG. 6, where the 
graph depicts the through focus behavior of the width W of 
simultaneously printed nested (at isofocal dose) and isolated 
lines. 
0046. In the presence of blur, the focus Z can be repre 
sented as a distribution of the form: 

Z=> Z+.f(i) 

where fis a symmetric, normalized function of the z-directed 
dimension within the blur of characteristic width. A such 
that: 

s 



US 2009/0011346 A1 

-continued 

0047. The functional form off depends on the source of 
blur. For tilt blur, the distribution is roughly uniform, whereas 
for chromatic blur it follows the shape of the illumination 
spectrum. 
0048 Introducing the blur distribution into the equation 
for the isolated linewidth W, and integrating over the blur 
g1Ves: 

W as Wo + a D+ ar --K?griga: 

0049. In the case of tilt blur, 

f(i)=recti) 
so that 

and the isolated linewidth response 

W, a Wo + a2- + a D+ a F 

is offset proportional to a A. As shown in FIG. 7, a graph of 
the relationship of linewidth W to focus F shows that blur 
shifts the isolated line response relative to that of a nested line. 
Moreover, the blur shifts the isolated line response in a unique 
direction relative to the nested line response. Thus, minimum 
blur corresponds to the minimum value the difference of 
nested linewidth and isolated linewidth, i.e., W-W 
0050. The ability to determine focus blur is confirmed by 
applying a quadratic model to the simulated dependence of 
nested and isolated linewidths on blur, dose and focus. The 
match of the model fitted to the simulated results is shown in 
FIG.8 where the blur is varied using the spectral width A of 
the exposure illumination. The spectral or band width Aw is 
the range of wavelengths or color variation present in the 
exposure illumination, given in picometers. In the graph 
depicted in FIG. 7, simulated points and fitted-model lines 
show the response of linewidth W to focus (X-axis) and Aw 
(blur parameter) for nested lines (open points) and isolated 
lines (filled points) near the isofocal dose. As noted above, the 
nested lines are very insensitive to both focus and blur relative 
to the isolated lines. 
0051. As predicted by the analysis above, the blur causes a 
downward shift of the simulated isolated line response, but 
has virtually no effect on the nested line response. The fitted 
model is of the form: 

where a are the free parameters. The quality of the fit over 
the full range of blur and +/-150 nm of defocus is < 1 nm (3O). 
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0.052 Thus, the demonstrated ability to model the 
response to blur, dose and defocus shows that the values of 
blur, dose and defocus can be determined from measurements 
of nested and isolated lines, by the inversion of models of the 
above form. Since there are three independent parameters to 
be determined, at least three distinct attributes (W. W. W.) 
of the printed patterns must be measured. FIG.9 depicts the 
profile, in side elevational view, of an isolated line 42 and 
nested lines 52, for the target configuration of FIG. 4, as 
formed in a resist layer 72 over a substrate layer 74 on wafer 
70. As illustrated in FIG. 9, the attributes that enable decon 
volution of dose, defocus and blur are the widths (WW) of 
the isolated features at two different heights (h, ha) on the 
resist profile and the width W of the nested feature at a single 
heighth on the resist profile. The dependence of the widths 
W. on dose D, defocus F and blur T are described by the set 
of parametric equations: 

2S, F+S,)+e, 
where: 
Wom" width at D=0, F=0 and T=0. 
a response coefficients of m' width. 
S-offset of best focus of m” width relative to best focus. 
e residual error. 
0053. The expected variation of W is shown in FIG. 10. 
For the nested width W at or near the isofocal point, the 
above equation simplifies to: 

We Wo--a 3D 

0054 As shown in FIG. 10, W depends only on dose and 
is independent of defocus and blur over the regime of interest. 
0055. In the preferred embodiment the parameters are 
determined by fitting the above equation to measured widths 
W., through known changes to dose, focus and blur using 
available adjustments on the exposure tool. Dose and focus 
are varied by conventional means on a focus-exposure matrix 
(FEM). Blur is varied by adjusting the across-slit tilt of a step 
and scan exposure tool. Thus, the full setup experiment 
becomes a focus-exposure-tilt matrix (FETM). 
0056. A setup experiment for patterns of the type shown in 
FIG. 4 is simulated as follows. The mask patterns simulated 
consist of 130 nm lines formed in an attenuated phase shift 
film at two different pitches: 260 nm for a nested pattern and 
520 nm for an isolated pattern. The exposure tool configura 
tion is 0.85 NA 193 nm quadrapole illumination with a 0.25 
picometer bandwidth. The wafer image is formed in a 240 nm 
thick 193 nm resist film. Simulated width measurements 
through the FETM are collected at the 10% and 90% heights 
on the resist profile. 
0057 For example, data is simulated for W over a range 
of dose, focus and blur (tilt) settings, where W and Ware the 
widths of the 520 nm pitch pattern at 10% and 90% heights, 
and W is the width of the 260 nm pitch pattern at the 10% 
height. Dose settings are in the range of 27 to 33 ml/cm 
evaluated at 1 m.J/cm increments. Focus settings are in the 
range -0.15 to 0.05 um in 0.05 um increments. Tilt settings 
are in the range 0 to 60 urad in 15 Jurad increments. 
0058. The model fit to the simulation results is summa 
rized in Table I. The blur T is expressed in units of equivalent 
tilt (urad). The blur effects are captured by parameters als. 
The simulated data points are compared to the fitted model in 
FIG. 11. The modeled curves are in good quantitative agree 
ment with the discrete data points and show qualitative agree 
ment with the expected variation of FIG. 10. 
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TABLE I 

W W W. Units 

Eo 30 30 30 mJ cm2 
Wo 74 61 84 ill 
S O 91 -6 ill 
al -70 -65 -73 ill 
a2 -1099 -1259 -59 nm. 
a 3 -O.OOS -OOO7 0.000 nm x Jurad 
84 -O.OO6 -OOO7 -0.001 nm x urad’ 
as -O.O1O -0.119 0.001 nm x rad? 
e(3o) 3.6 2.4 0.4 ill 

0059 Having defined the distinct dose, focus and blur 
response of at least three widths produced by a lithographic 
process, as by the parameters of Table I, all measurements of 
the widths produced by the same lithographic process can be 
converted to effective values of dose, defocus and blur. In 
general, this can be accomplished by the numerical inversion 
of equations of the above form. 
0060 For small excursions, analytic inversion is allowed 
by ignoring parameters as of Wa and parameters as for 
W. Applying the approximate model for W. gives an 
expression for the effective dose D': 

W - Wo 
(3 

D' 

0061 Neglecting higher order defocus and blur terms in 
the equations for W and W enables quadratic solutions for 
the effective defocus F" and blur T". If the coefficients of a 
quadratic equation are defined as: 

(2. 
A E a2 - - - 

(31 

B E -2S2a22 

(32 (32 
C = -(W2 - Wo) + - (W - Wol) + (a12 a) D' + aS2 

(3. (3. 

then: 

-B + v B' - 4AC 
2A 

W - Wai – a D' - a (F)* (B') = 0 till 21(F) 
(3. 

0062. The validity of the analytic inversion may be readily 
verified by applying it to the simulated data. The results are 
shown in FIG. 12. Over reasonable ranges of dose, defocus 
and blur, each output response to the input settings is linear 
with a slope close to unity. 
0063. The method of the present invention uses the relative 
dimensional sensitivity of isolated to nested features through 
the lithographic process window to distinguish dose error, 
defocus and blur contributions to pattern variation. The 
method described herein measures the dimensions of nested 
and isolated features (simultaneously in the preferred 
embodiment) including appropriate target designs for optical 
and SEM metrology and analyzes those measurements to 
determine the corresponding dose error, defocus, and blur. 
Specific knowledge of the dose error, defocus and blur may 
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then be incorporated in a feedback control system to enable 
the automated optimization of the patterning process. 
0064. The flowcharts of FIGS. 13 and 14, respectively, 
illustrate the incorporation of the preferred method of the 
present invention into a control system. In the method sum 
mary 90 shown in FIG. 13, a control pattern set (CPS) is 
created in a resist layer, which a set of process compatible 
patterns similar to those of FIGS. 4 and 5 having at least three 
dimensions (WWW) with distinct sensitivity to effective 
dose, defocus and blur (E'. F". T). In a preferred embodiment 
the CPS includes one nested and one isolated pattern. Option 
ally, a monitor pattern set (MPS) may be additionally used, 
which is any other process-compatible patterns, including 
any of the functional circuit patterns to be lithographically 
produced on the wafer. The CPS and MPS CD widths are 
correlated to the imaging tool dose, focus and blur settings 92. 
to determine the best fit models and parameters for the sys 
tem, the optimum dose and focus, and the minimum Sustain 
able blur. Subsequently, the same CPS is created and the CD 
measured in-line in a production process to determine dose, 
focus and blur 94 by inversion of the models discussed above. 
This provides for independent dose, focus and blur excur 
sions and corrections. Finally, the computed CD width mea 
Surements for the correlated CPS and MPS 96 determine the 
CD width distributions for all patterns, and enable product 
dispositioning. 
0065. In the preferred embodiment of the method of the 
present invention 100 as shown in FIG. 14, one would print a 
first set of control pattern set (CPS), and optionally a monitor 
pattern set (MPS), in a lithographic resist layer of the type 
shown in FIGS. 4 or 5, including both isolated and nested 
patterns 40 and 50, respectively. These pattern sets would be 
reproduced on a wafer at different defocus settings, near the 
isofocal dose, and at different spectral widths of the exposure 
illumination (as in FIG. 2) and/or different tilts of the image 
plane (as in FIG. 3) in a focus-exposure-tilt matrix (FETM) 
102 to create different blur conditions. The widths of indi 
vidual isolated and nested patterns at different spectral widths 
would be simultaneously measured 104, compared to the 
target dimension, and correlated to the dose and focus settings 
and the blur conditions of the pattern imaging system to 
produce dependencies for focus, exposure and tilt (FET) for 
the control pattern set 108. Preferably, two of the locations 
measured in this manner would be on the isolated patterns or 
features, which correspond to high defocus sensitivity, and 
one of the locations would be on the nested patterns or fea 
tures, which correspond to low defocus sensitivity. The 
dependencies for the control pattern sets and any model pat 
tern sets would be stored in a model parameter database 110. 
from which the control pattern parameters 112 or model 
pattern parameters 114 may be obtained. 
0066. Subsequently, for in-line control of the lithographic 
process, preferably on each wafer and more preferably at 
more than one location on each wafer, one would print similar 
control pattern sets of the type shown in FIGS. 4 or 5 in a 
lithographic resist layer at the fixed dose, focus and exposure 
settings used in the process 116. One would then measure the 
same width dimensions for the isolated and nested patterns 
that match those measured in the first control pattern set. 
From a comparison of the Subsequent control isolated and 
nested pattern sets with the matching first control pattern set 
parameters 112, and knowing the correlated dependencies, 
one would then create the control pattern inverse model 120 
and determine the effective dose, defocus and blur values 
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associated with forming the Subsequent sets of control pat 
terns 122. These dose, defocus and blur values can then be 
used to feedback modifications in settings to the lithographic 
imaging system 124 in the case that any of the dose, defocus 
and/or blur settings move outside of desired values. In par 
ticular, blur error can be independently controlled and mini 
mized, separately and apart from defocus and dose error. 
0067. The computed critical dimensions of the control 
pattern and any monitor pattern sets on the wafer 126 may be 
sent for product disposition 128 or to etch 130. 
0068. The method of the present invention works both for 
the case of truly nested lines and quasi-nested lines (lines that 
are nested on the mask using assist features, but appear iso 
lated on the wafer). The use of quasi-nested lines is important 
to measurement, as it would enable simultaneous measure 
ment of both nested and isolated lines using non-Zero order 
diffraction according to PCT/US2003/041438, filed Dec. 19, 
2003, the disclosure of which is hereby incorporated by ref 
CCC. 

0069. Thus, the present invention provide an improved 
lithographic system and improved utilization of measure 
ments derived from CD metrology tools to monitor and con 
trol lithographic processing, and enables the user to distin 
guish between defocus and blur error so that blur error can be 
controlled and eliminated. 
0070 While the present invention has been particularly 
described, in conjunction with a specific preferred embodi 
ment, it is evident that many alternatives, modifications and 
variations will be apparent to those skilled in the art in light of 
the foregoing description. It is therefore contemplated that the 
appended claims will embrace any such alternatives, modifi 
cations and variations as falling within the true scope and 
spirit of the present invention. 

Thus, having described the invention, what is claimed is: 
1. A method for optimizing imaging and process parameter 

Settings in a lithographic pattern imaging and processing 
system, the method comprising: 

correlating the dimensions of a first set of at least one 
control pattern printed in a lithographic resist layer, 
measured at three or more locations on or within the 
pattern which correspond to differing dose, defocus and 
blur sensitivity; 

measuring the dimensions on Subsequent sets of control 
patterns, printed in a lithographic resist layer, at three or 
more locations on or within each pattern, of which a 
minimum of three locations match those measured in the 
first set; and 

determining the effective dose, defocus and blur values 
associated with forming the Subsequent sets of control 
patterns by comparing the dimensions at the matching 
locations with the correlated dependencies. 

2. The method of claim 1 wherein the locations of high 
defocus sensitivity on or within a pattern correspond to dif 
ferent heights on the profile in the resist layer resulting from 
the image of a low density pattern and the location of low 
defocus sensitivity corresponds to a single height on the pro 
file in the resist layer resulting from the image of a high 
density pattern. 

3. The method of claim 1 wherein the dimensions of the 
first set of at least one control pattern is measured at different 
blur condition of the pattern imaging system, the different 
blur conditions being varied by changing bandwidth of illu 
mination in the lithographic pattern imaging and processing 
system. 
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4. The method of claim 1 wherein the dimensions of the 
first set of at least one control pattern is measured at different 
blur condition of the pattern imaging system, the different 
blur conditions being varied by changing tilt of an image 
plane in the lithographic pattern imaging and processing sys 
tem. 

5. The method of claim 1 wherein the dimensions at the 
three or more locations are measured simultaneously. 

6. The method of claim 1 wherein the locations of high 
defocus and blur sensitivity comprise isolated features for 
which pitch to an adjacent feature is significantly greater than 
twice the width of the smallest feature dimension. 

7. The method of claim 1 wherein the locations of low 
defocus and blur sensitivity comprise nested features for 
which pitch to an adjacent feature is not significantly greater 
than twice the width of the smallest feature dimension. 

8. The method of claim 1 wherein the locations of high 
defocus sensitivity comprise isolated features for which pitch 
to an adjacent feature is significantly greater than twice the 
width of the smallest feature dimension, and the locations of 
low defocus sensitivity comprise nested features for which 
pitch to an adjacent feature is not significantly greater than 
twice the width of the smallest feature dimension. 

9. A method for optimizing imaging and process parameter 
Settings in a lithographic pattern imaging and processing 
system, the method comprising: 

correlating the dimensions of a first set of at least one 
control pattern printed in a lithographic resist layer, 
measured at three or more locations on or within the 
pattern which correspond to differing dose, defocus and 
blur sensitivity, the locations of high defocus sensitivity 
on or within a pattern corresponding to different heights 
on the profile in the resist layer resulting from the image 
of a low density pattern and the location of low defocus 
sensitivity corresponding to a single height on the profile 
in the resist layer resulting from the image of a high 
density pattern, the dimensions of the first set of at least 
one control pattern being measured at different blur 
condition of the pattern imaging system varied by 
changing bandwidth of illumination or tilt of an image 
plane in the lithographic pattern imaging and processing 
system; 

measuring the dimensions on Subsequent sets of control 
patterns, printed in a lithographic resist layer, at three or 
more locations on or within each pattern, of which a 
minimum of three locations match those measured in the 
first set; and 

determining the effective dose, defocus and blur values 
associated with forming the Subsequent sets of control 
patterns by comparing the dimensions at the matching 
locations with the correlated dependencies. 

10. The method of claim 9 wherein the locations of high 
defocus and blur sensitivity comprise isolated features for 
which pitch to an adjacent feature is significantly greater than 
twice the width of the smallest feature dimension. 

11. The method of claim 9 wherein the locations of low 
defocus and blur sensitivity comprise nested features for 
which pitch to an adjacent feature is not significantly greater 
than twice the width of the smallest feature dimension. 

12. The method of claim 9 wherein the locations of high 
defocus sensitivity comprise isolated features for which pitch 
to an adjacent feature is significantly greater than twice the 
width of the smallest feature dimension, and the locations of 
low defocus sensitivity comprise nested features for which 
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pitch to an adjacent feature is not significantly greater than 
twice the width of the smallest feature dimension. 

13. A method of determining blur error in lithographic 
imaging comprising: 

providing nested and isolated features in a design to be 
lithographically patterned on a Substrate; 

lithographically patterning the nested and isolated features 
on a substrate at different focus settings for different blur 
conditions; 

measuring dimensions of the nested feature at the different 
focus settings for the different blur conditions; 

measuring dimensions of the isolated feature at the differ 
ent focus setting for the different radiation blur condi 
tions; and 

determining contribution of blur error based on shifts in the 
dimension of the isolated feature at the different focus 
setting for the different blur conditions with respect to 
dimensions of the nested feature. 

14. The method of claim 13 wherein the dimensions of the 
nested and isolated features are measured simultaneously. 

15. The method of claim 13 further including determining 
exposure dose error based on any shifts in the dimension of 
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the isolated feature at the different focus setting for the dif 
ferent blur conditions with respect to dimensions of the 
nested feature. 

16. The method of claim 13 further including determining 
focus error based on any shifts in the dimension of the isolated 
feature at the different focus setting for the different blur 
conditions with respect to dimensions of the nested feature. 

17. The method of claim 13 wherein the dimension of the 
isolated feature is sensitive to, and the dimension of the nested 
feature is relatively insensitive to, the different focus setting 
for the different blur conditions. 

18. The method of claim 13 wherein the different blur 
conditions comprise different spectral widths of radiation 
used for the lithographic patterning or different tilts of the 
image plane. 

19. The method of claim 13 wherein the different blur 
conditions comprise different spectral widths of radiation 
used for the lithographic patterning. 

20. The method of claim 13 wherein the different blur 
conditions comprise different tilts of the image plane. 

c c c c c 


