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Abstract: A various effective resist diffusion lengths methodology for OPC model calibration is proposed,which considers

the discrepancy of effective resist diffusion lengths between 1D and 2D patterns. An important step of this methodology is

to set up a new calibration flow that lets 1D and 2D patterns have the same optical parameters but different effective dif-

fusion lengths. Furthermore,a design for manufacturing (DFM) interaction is suggested in the calibration flow of the pro-

posed model. From the CD errors of fitting results and the comparison between simulated contours and SEM images., it is

found that the various effective resist diffusion lengths model calibration methodology results in a more accurate and stable

model.
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1 Introduction

As feature sizes continue to shrink, to accurately
predict critical dimensions (CD) during the pattern-
ing process becomes more important, and the errors
that were once perceived insignificant can easily con-
sume the majority of the CD budget of the lithogra-
phy process. Typically, lithography models attempt to
describe the physical phenomena as accurately as pos-
sible. However, more accurate simulations of the com-
plicated lithography process often require greatly in-
creased computational resources. For a chemically am-
plified resist (CAR) ,simulations of the resist process
consist of three steps: resist exposure, post exposure
bake reaction and diffusion,and development. In the
past few years, there are detailed researches on the
first principle resist models ', all of which suffer
computational problems. On the other hand, large
area simulators, as used in optical proximity correc-
tion (OPC) tools,use the empirical models to take in-
to account the impact of process conditions on the re-
sist performance. The simplest resist model considers
the aerial image only. Cobb and Zakhor introduced
the concept of variable threshold resist model, in
which the threshold intensity is viewed as a function
[2

of the local image intensity parameters "*/. However,
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the resulting parameters have little physical mean-
ings. Despite there are also several groups attempting
to merge specific physics into aerial image resist mod-
els, the commonly used resist model by some OPC
tools is the simplified diffused aerial image model
(DAIM)*, which considers the aerial image as a
diffusible quantity. The effective diffusion length
then becomes a model parameter for calibration. The
resist edges are placed using the diffused aerial image
and a threshold value.

On one hand,the current OPC modeling method-
ology treats 1D and 2D patterns equally with the same
effective diffusion length. On the other hand, re-
cently, Wu et al . suggested that the effective diffusion
length varies for different pitches and complex line
end patterns °~7' . As a result,conflicts arise in the fit-
ting results between 1D and 2D patterns. In this pa-
per.we aim to present the feasibility of the various ef-
fective resist diffusion lengths methodology for OPC
model calibration. A simplified DAIM model is dis-
cussed. A classical OPC model calibration flow in the
industry is reported. The design for manufacturing
(DFM) based OPC model calibration flow that we use
to test the various effective resist diffusion lengths
methodology is presented. Results of the proposed
model calibration methodology are concluded. Further
studies for more effective pattern recognition during
the correction stage will be discussed elsewhere.

(©2008 Chinese Institute of Electronics
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2 Simplified diffused aerial image model

The combined reaction and diffusion of acid and
base species is represented by the coupled differential
equation given in Eqgs. (1) and (2) .

W = = koUn(x D Uo(xrt) +

DAV Un(x-0) (D
w = KoUa(x ) Uog(xrt) +

Do 7 *Uo(x+1) (2)

Ua(x, t) is the photo-acid density function while
Uq(x,t) is the base components density function. D4
and Dg represent the diffusion constants for acid and
base, respectively. ko is the acid-base quenching con-
stant.

The two image-in-resist terms U, (x, t) and
Uq(x,t) are allowed to diffuse and quench each oth-
er. The acid component of the image-in-resist is inte-
grated through time to determine the final soluble im-
age at each position. A simplified solution method for
obtaining U, (x, t) arises when one considers the
base with zero quencher.

In the case of zero quencher, Equation (1) can be
written as

dUx(x,t)
dt
with the boundary condition:

:DAVZUA(th) (3)

UaCx,t =0) = I,(x) €]
I, (x) stands for the aerial image generated by the
optical system.
A solution with the separable variant law and
Fourier series law to the above equations can be writ-
ten as

e’
1Dt

wdx” (5)

e ) 1
UnCeoo = [ 1o —L—e
: VAT
If we let the effective diffusion length a =./2D,¢ .

Equation (5) can also be written as

e -t
Un(xs0) :J L .o

I, (xD w2 dx” (6)

a/2n
Equation (6) can be regarded as a convolution of the
aerial image and the Gaussian function:
UnCx) = I,(x) R G(x) D)
G(x) = '

X

e 7 €))

a2

This is the simplified DAIM resist model that is
commonly used in some OPC model calibration tools.
The effective diffusion length is an important param-
eter that will be regressed.

In recent years, there are some papers discussing
the pattern dependent photo-acid diffusion. The ef-
fective diffusion length can be extracted from some
image contrast parameters such as the exposure lati-
tude (EL) or mask error factor (MEF). The general
equation that describes such relationship can be writ-
ten as "

21X

U(x) :fl(aaped)_fz(aapvdaa)COST (9)

1 Sout afl((?,psa) 3]"2(69]?,6961)
Lox 7@[ odo 90 . D cos EED
T Sinn— %in .2(69p369a) fg(ﬁ,p,a,a) P

(10)

where U (x) represents the intensity of the diffused
aerial image as a function of spatial coordinate x,
f1(8) and f, (8) are the coefficients that are closely
related to the scattering efficiency of illumination
light into the zeroth and the first orders, respective-
ly. § represents the mask CD and p represents the
pitch. The “ =" and “ + ” signs demonstrate results for
the line and space, respectively. By setting Eq. (10) to
the measured MEF value. the effective diffusion
length “a” can be obtained. Consequently,the pattern
dependent resist diffusion lengths can be found. In-
stead of being involved in the complex calculation,the
simplified DAIM model provided by the first princi-
ple simulation tools can be used for the parameter re-
gression. The detail will be presented in section 4.

3 Classical OPC model calibration meth-
odology

Figure 1 shows the classical OPC model calibra-
tion methodology. Once the calibration data measure-
ment has finished, the model calibration procedure
looks like a black box that is totally separated from
the manufacturing process. Figure 2 is the classical
OPC model calibration flow.

Previously,it is the industry practice that a para-
metric OPC model is calibrated by the proximity and
linearity curves, coupled with complex 2D structures
such as dense and isolated end-to-end (ETE) features
with a lower cost function. In the classical model cali-
bration methodology, both 1D and 2D patterns share
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Fig.2 Classical OPC model calibration flow

the same effective diffusion length, which has been
found to be structure dependent. Therefore, conflicts
arise between the fitting results of 1D feature and 2D
line end test patterns. Figures 3 to 5 show the fitting
results for proximity,linearity and ETE test patterns,
respectively. The abbreviation of “ED120” stands for
dense ETE with a gap of 120nm,while “EI120” mecans
isolated ETE with a gap of 120nm. One could hardly
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Fig.3 Proximity fitting result of the classical OPC model cali-
bration methodology
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Fig.4 Linearity fitting result of the classical OPC model cali-
bration methodology

fit both 1D and 2D patterns well simultaneously. As
shown in Figs.3 to 5,the CD errors for proximity and
linearity patterns remain within * 5nm,while the fit-
ting result for ETE test patterns is not satisfactory.
One solution to this problem is applying mathematical
kernels to compensate these errors, which has little
physical background. Another way is ensuring the
pitch and linearity curves of a low edge placement er-
ror (EPE) while giving line end patterns a rule-based
bias during the correction stage, which is commonly
used in our routine jobs. By this approach, there are
also some problems. First, there must be a tight distri-
bution of the line end EPE to meet the global bias.
Second.it is difficult to write the rule for complex 2D
patterns that cannot be defined as the line end.

4 Various effective resist diffusion lengths
model calibration methodology

Figure 6 is the various effective resist diffusion
lengths model calibration methodology and Figure 7
shows the calibration flow.

There is a DFM interaction between the calibra-
tion data measurement and the model calibration
stage. As mentioned in section Z,some process param-
eters are evaluated in the first principle simulation
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tools and extracted to the OPC model calibration tools
for regression reference. The complete data sheet is
split into two parts:1D patterns and 2D patterns. The
effective diffusion lengths are evaluated respectively.
Table 1 demonstrates the output of the first principle
simulation tool. The reason for the larger effect of
diffusion on the line end can be traced to the three-
directional nature of the diffusion process:at the line

Table 1 Effective diffusion lengths output by the first principle
simulation tool
1D 2D
The effective diffusion length/nm 29 35

end,chemical species from the exposed areas can dif-
fuse from all three sides of the line end.,as opposed to
one direction for the line or space edge.

In the proposed calibration flow,there is another
difference from the classical one. Instead of treating
1D and 2D patterns equally with the same effective
diffusion length,a judgment is done before the resist
model optimization is carried out. It is realized by set-
ting up a new calibration script in the OPC model cal-
ibration tool. In such a way, the discrepancies of ef-
fective diffusion lengths between 1D and 2D struc-
tures no longer exist. When the model calibration is
finished, there will be two models to be output:the 1D
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model and the 2D model. The two models share the
same optical components but different effective diffu-
sion lengths.

In a full OPC flow that consists of the model cali-
bration, full chip correction and verification,there are
two stages that require the pattern recognition. The
first time is in the model calibration flow. As the
gauge name is pre-defined when the test patterns are
generated, this judgment does not seem to be diffi-
cult. Consequently, the second time is in the full chip
correction stage. The definition of the patterns will be
found in the edge based OPC correction recipe,which
is beyond the discussion of this paper.

5 Results

Figures 8 to 10 illustrate the fitting results of the
proposed methodology. The CD errors for proximity
and linearity test patterns are kept within * 5nm,
which are comparable with the classical calibration
methodology. And the CD error for ETE test patterns
is distributed between = 10nm, which has a better
performance than the classical calibration methodolo-
gy. It is shown that 2D fitting results are improved
without sacrificing the 1D accuracy.

Furthermore, Figures 11 and 12 show the GDS
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(@

Fig.11
arca

GDS file and SEM image of poly layer in the SRAM
The gap CD is 216. 8nm.

file,SEM image and simulation contours of poly layer
in the SRAM area. The gray contour is generated by
the proposed methodology while the black one by the
classical methodology. By comparing the gap CD with
the wafer data, it is found that the various effective
resist diffusion lengths methodology better predicts
the final gap CD of 216. 8nm.

200nm
217nm

Fig.12 Simulation contours generated by the two methodolo-
gies Black contour:the classical methodology,with the gap CD
of 200nm; Gray contour: the proposed methodology., with the
gap CD of 217nm.
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Fig. 13
complex 2D pattern Black contour:the classical methodology;

GDS file, SEM image and simulation contours of a
Gray contour: the proposed methodology.

Consequently,another case of a complex 2D pat-
tern is shown in Fig. 13. Three segments of the con-
tours marked in Fig. 13(c) are presented in a relative-
ly larger scale in Fig. 14 to illustrate the differences.
Similar to the last case,the various effective resist dif-
fusion lengths methodology also succeeds in predicting
the potential pinching risk.

6 Summary

In this paper,the various effective resist diffusion
lengths methodology for OPC model calibration is
proposed from its physical background. A DFM inter-
action is carried out before the OPC model calibration
procedure. An important step of this methodology is
to set up a new calibration flow that lets 1D and 2D
patterns have the same optical parameters but differ-
ent effective diffusion lengths. Consequently, a judg-
ment is done before the resist parameters’ regression
is carried through. Considering the physical discrep-
ancies of effective diffusion lengths between 1D and
2D patterns, the improved EPE fitting results are
achieved. From the verification step after the calibra-
tion stage,it is shown that the proposed methodology
better predicts the CD and the potential pinching risk

Various Effective Resist Diffusion Lengths Methodology for OPC Model Calibration 2351
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Fig.14 Contours in a relatively larger scale for sites 1,2,3 in
Fig.13(c)

of the defined 2D patterns. Our study may just serve
as a beginning for a more detailed study of the various
effective resist diffusion lengths methodology for
OPC model calibration, which can help with more ac-
curate OPC modeling and better process control. Fur-
ther improvements can be achieved by applying a
more effective pattern recognition methodology in
the full chip correction stage.
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