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Introduction – Applications of SEM Contours
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Contour Extraction & Analysis Flow
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Contour Extraction - Approach
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 Our contour extraction flow consists of the pre-processing,

edge detection and contour formation steps.

 Different filters, such as Gaussian, Median and NL means,

are used to enhance the image contrast.

 Edge detection is based on the Canny approach, with

multiple thresholds enabled in case of orientation-dependent

image contrast.

 Topography definition and inner/outer contour separation is

assisted by the design target layout.



Contour Extraction - Results
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SEM Image Distortion Correction
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• The SEM image distortion is characterized by the overlay

error of as-extracted contour and design target contour

within the field of view.
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SEM Image Distortion Correction
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*Harm Dillen, et al, “CD-SEM distortion quantification for EPE metrology and contour analysis”, SPIE 10145, 

1014515-1

• The overlay error can be modeled, to the first

approximation, as the linear combination of the errors in

translation, expansion and rotation*.

• The overlay error (dx, dy) at a given coordinate (x, y) is

expressed by



SEM Image Distortion Correction - Results
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• The original overlay errors show a strong signature with respect

to the SEM field location. The error is >8 nm at the field edge.

• The overlay errors were well compensated by the simple linear

model with six parameters.

Original overlay map Post-correction residual error

- Measured

- Model
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N-Sigma Roughness Band - Motivation
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 Large FOV allows measurement of multiple repeating cells, 

which provide the local pattern roughness information. 

 Extracted contours of the unit cell can be cut and stacked,

followed by statistical analysis to generate the N-sigma

roughness band.

 The N-sigma roughness band represents the stochastic

process variation, which should be considered for the EPE

budge analysis.



N-Sigma Roughness Band - Flow
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N-Sigma Roughness Band - Results
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 Statistical distribution histograms for different cutlines are

demonstrated. The data were fit to normal distribution for this

case.



Contour-based PW Analysis - Motivation
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 Traditional CD-based process window (PW) is calculated

with reference to a CD target and tolerance.

 Contour-based PW analysis is more than increased sampling 

sites:

 PW can be calculated where CD measurement is not possible,

such as an isolated line end.

 PW calculation is EPE based, thereby taking the pattern shift

error into consideration.

 Variable tolerance band can be defined to capture the process

window limiter that leads to potential failure.



Contour-based PW Analysis - Approach
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For each sampling site on the
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window is analyzed based on

the EPE’s and tolerance along

the perpendicular cutline.



18

Contour-based FEM Analysis - Prototype



Contour-based PW Analysis - Results
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Best focus map DOF map

 The calculated best focus and DOF color maps illustrate

accurately where the process window limiters are located.



3D Compact Resist Model - Approach
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 The inner and outer contours correspond to different resist

heights, providing resist profile information.

 The inner and outer contours from the same SEM images can be 

used to calibrate 3D compact resist model.



3D Compact Resist Model - Results
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 The 3D compact resist model we calibrated predicts bridging at the

outer contour resist height, while the top-down SEM image and

extracted outer contour do not show it.

 Rigorous simulation confirms evident resist top loss at the tip-to-

side location, indicating the 3D compact resist model can capture

top loss related hotspot.

Top-down 

SEM image

Outer contour from 3D 

compact resist model
Rigorous simulation
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Conclusion

23

 Contours were extracted from the SEM images with good

edge fidelity by using improved Canny edge detector.

 The LFOV SEM image distortion was well compensated by a

linear model with six parameters.

 Contour-based applications including N-sigma roughness

band, contour-based process window analysis and 3D

compact resist model were demonstrated.


