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Technical note T154: Different materials step height — new method

Error correction In different material
step height measurement using
Coherence Correlation Interferometry

Yang Yu, PhD Senior Applications Scientist

This Technical note shows how CCI can resolve issues with ‘different material step height measurement
errors’ explained in Technical note “T153".

Both thin film steps and dissimilar material steps give rise to a phase-change on reflection (PCOR).
This inevitably distorts the interference series and result in the presence of a DC-shift in the measured
topographical surface, leading to an error in step height measurement. CCl will resolve these issues.

1 PCOR induced error correction — ‘Films and Materials’ technique

‘Films and Materials’ technique

Through the knowledge of thin film structure and ‘Films and Materials’ technique, the DC shift (shift of the fringe
envelope) due to the phase-change on reflection (PCOR) for both dissimilar material step and thin film step can
be compensated so that the ‘true’ step-heights are determined.

Error correction

A pair of HCF [1,2] functions are directly determined from the CCl interference series corresponding to the
top surface and the bottom surface of the step.

A corresponding pair of synthetic functions is then optimised to match this function pair. These synthetic
functions take account of the spectral n and k values of the substrate (bottom of step) and likewise of any thin
film or dissimilar material present (top of step); Accurate step height is then possible through taking advantage
of the topographical terms embedded within these synthetic functions.

2 Measurement range and accuracy

( )
Accuracy — ~2%

‘Films and Materials’ technique can be used for the step height measurement of dissimilar material step and thin

film step with an accuracy of ~2% accuracy
N\ )

e N\
Measurement range

Dissimilar material step 0 to ~130 um (latest software)

Thin film step ~25 nmto 5 um

The measurement can be made within the measurement range of ~25 nm to 5 um for a step with a semi-
transparent thin film coated surface, and ~ O to scan range limited step height value for a dissimilar material step.
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3 How it works on CC| HD?
Figure 2(a) An example of a single layer thin film step
height measurement use CC| HD
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CC1 Film Thickness Results 0  © - -_— W S . ;o 0]
Action Region Thicknes/1 Thickness 2 Thickness 3 Step Height Fit X Y Status Date
Reference ref 0.0 0.0 0.0 0.000 | 68.777 | 47.870 0K 19-Jun-2013 12:26:51
Film Bottom 0.0 0.0 0.0 0.007 | 68.777 | 47.870 OK 19-Jun-2013 12:26:54
Film Top C 4935 ) 0.0 0.0 478.2 N0.501 | 68.777 | 47.870 OK 19-Jun-2013 12:27:04
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Film thickness — an additional benefit is the film thickness value | Step height result
for each layer is also obtained while calculating the step height. ) pnelg "
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4 Comparison results

The 6 reference thin films were used in this study, the dissimilar material step height results were
compared with other techniques include spectrophotometry and film thickness measurement

Si (Ref)

Films
B270 (Ref)
Step height comparison results
Thin film step (reference films)
- ™
Film 1 Film 2 Film 3 Film 4 Film 5 Film 6
. Ta205/ Ta205/ : . Ta205/ Ta205/ Si02/

Film/substrate B)70 B)70 Si02/Si 8770 )70 Si
Film thickness 48.8 98.5 3114 504.6 10022 9945
(spectrophotometer) (nm)
Mean film thickness (film 52.5 991 312.8 5051 10034 996.9
thickness measurement) (nm) + 0.6 + 0.3 +0.3 + 0.6 +1.2 +1.2

Mean step height

(dissimilar material step
measurement) (nm)

The standard deviation (o) for all the analysis was calculated by means of 20 measurements

Good agreement!
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4 Summary

Technical note T154: Different materials step height — new method

Through the development of ‘Films and Materials’ technique, coherence correlation interferometry (CCl) has become the
ideal method to obtain not only film thicknesses and interface information but also true step heights for dissimilar material

steps and thin film steps.

‘Films and Materials’ technique can eliminate the step height measurement errors caused by the distortion of the fringe
series due to PCOR from both thin film steps and dissimilar material steps.

Following up technical note T153
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Technical note T153: Different materials step height

Step height measurement
error using Coherence
Correlation Interferometry

Yang Yu, PHD Applications Scientist

1 Phase Change on Reflection
(PCOR) (Figure 1)

h dife

Figure 1(a) Sketch of a step and an
example of a 3D step view
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