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Introduction
• Significance of overlay control
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Introduction
• Significance of overlay metrology
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Overlay metrology 
is important for 
process monitor 
and control！



Introduction
• Why we need a traceable overlay metrology?
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Introduction
• Two types of overlay metrology
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Principle of traceable overlay metrology
• Theory of conventional DBO metrology
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Target

Theory Empirical calculation model

Stacked grating structure

Hard to characterize buried 
layers nondestructively

Hard to verify by 
comparison

Overlay is coupled with 
process asymmetry 
(such as etch bias)

Cannot be traced to SI



Principle of traceable overlay metrology
• How to design a traceable DBO metrology method?
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Design of sensitive standard sample
• Design of reference standard sample
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Varisized overlay reference standard samples
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Design: chip on wafer

Requirements Solutions

In application:
Varisized wafers for 
different metrology tools

Sample should be 
wafer size.

In verification:
Easy to measure by in-lab 
instruments (AFM, SEM) 
for comparison

Sample should be 
chip size.



Design of sensitive standard sample
• Design of reference standard chip
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Design of sensitive standard sample
• Design of reference standard chip
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Prototyping of standard apparatus
• Design of standard apparatus
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Requirements Solutions

Traceable to 
national SI

 Subsystems can be evaluated 
and traced to SI separately.

Prefer high 
accuracy than 
high throughput

 Narrow linewidth laser is 
better than broadband light 
source.

 Flexible to set various 
configurations to obtain 
enough diffraction spectra.
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Prototyping of standard apparatus
• Schematic of standard apparatus
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Prototyping of standard apparatus
• Prototype of standard apparatus

© CEPREI 14

Laser

Beam preparation

Sample adjustment

Beam analysis

Auto-tracking

Sample rotation
Modelling analysis software

Instrument control software

Data processing software

Hardware of standard apparatus



Prototyping of standard apparatus
• Traceability of DBO
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Results and analysis
• Measurement of samples with nominal DBO value of 50nm
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Uncertainty 
components L [nm] w1 [nm] w2 [nm] Uncertainty sources

Type A evaluation

Spectra gathering 
repeatability 0.27 0.38 0.30 0.001

Type B evaluation

Incident angle θ 0.12 0.16 0.09 0.03°

Wavelength λ 0.01 0.03 0.02 0.03nm

Period d 0.01 0.02 0.01 0.1nm

Thickness h1 0.44 1.82 4.49 Uniform dist.，±2nm

Thickness h2 1.32 1.45 0.98 Uniform dist.，±5nm

Combined type B uB 1.39 2.33 4.60

Combined uncertainty uc 1.42 2.36 4.60
Expanded uncertainty U

(k=2) 2.83 4.73 9.21



Results and analysis
• Measurement of samples with nominal DBO value of 50nm
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L [nm] w1 [nm] w2 [nm]

AFM 68.5 303 205

DBO Standard apparatus 72.7 297.3 197.3



Results and analysis
• Measurement of samples with nominal DBO value of 150nm
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Uncertainty 
components L [nm] w1 [nm] w2 [nm] Uncertainty sources

Type A evaluation

Spectra gathering 
repeatability 2.20 1.44 1.29 0.001

Type B evaluation

Incident angle θ 0.16 0.33 0.18 0.03°

Wavelength λ 0.02 0.02 0.04 0.03nm

Period d 0.02 0.01 0.04 0.1nm

Thickness h1 3.30 3.91 0.28 Uniform dist.，±2nm

Thickness h2 1.45 0.98 0.79 Uniform dist.，±5nm

Combined type B uB 3.61 4.05 0.86

Combined uncertainty uc 4.23 4.29 1.55
Expanded uncertainty U

(k=2) 8.45 8.59 3.10



Results and analysis
• Measurement of samples with nominal DBO value of 150nm
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L [nm] w1 [nm] w2 [nm]

AFM 156.5 313 196

DBO Standard apparatus 149.9 320.1 201



Conclusions

• Summary

• Developed a traceable DBO metrology method 

• Designed a new type of DBO reference standard target and apparatus

• Experiments show uncertainty of (3~9) nm for DBO value of (50~150) nm

• Future work

• Design and tape out of reference samples with smaller DBO values

• Function optimization of reference apparatus (auto loading, wafer 

mapping, etc.)
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Thanks for attention!

Q&A

For more information:
• CEPREI Cal: www.ceprei-cal.com          
• CEPREI: www.ceprei.com

Lin Yang CEPREI Cal

• Wechat:
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