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Introduction - Photolithography
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Goals
• Improve the optical models to more accurately characterize 

the properties of the photoresist coatings

- Unify the metrology equipment in the 

Nanolab (i.e. Nanospec and AS-IQ)

[1]

Nanospec
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Alpha Step-IQ



• Investigate different photoresist stabilization processes

-Scanning electron microscope inspection of 

patterned thin films of photoresist 

Bad Good

Goals



• Determination of best case SiO2 to photoresist etch 

selectivity

Goals



Experimental – Photoresist Film Thickness

• Replicate the lithography 

process on silicon wafers

• Take measurements at three 

distinct stages of the 

process:

-I. As Coated

-II. Post Development

-III. Post UV Stabilization
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I.

II.

III.



• Data sheets provided by the photoresist manufacturers 

contain limited information
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Experimental – Photoresist Film Thickness



Analysis– Photoresist Film Thickness
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4.2.1 – DUV UV210-0.6 (0.42 um) 



Index of Refraction of Photoresist Films During Photolithography

Results – Photoresist Film Thickness



Results – Photoresist Film Thickness



Experimental – Photoresist Stabilization
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Avg. Sidewall = 81.9º

Axcelis Program U

Analysis – Photoresist Stabilization

Uvbake Program U

Avg. Sidewall = 83.6º

Axcelis Program J

Avg. Sidewall = 68.7º

Uvbake Program J

Avg. Sidewall = 76.3º

Oven Hard Bake

Avg. Sidewall = 89.5º

4.2.1 - DUV UV210-0.6 (0.42 um)



Analysis – Photoresist Stabilization

Axcelis Program U

Avg. Sidewall = 85.9º

Uvbake Program U

Avg. Sidewall = 87.3º

Axcelis Program J

Avg. Sidewall = 82.0º

Uvbake Program J

Avg. Sidewall = 86.6º

Oven Hard Bake

Avg. Sidewall = 87.1º

4.2.2 - DUV UV210-0.6 (0.90 um)



Photoresist Line Profile

The oven hard bake resulted in the steepest sidewalls. UV stabilization program J resulted in

the most tapered sidewalls. The thin DUV resist was most susceptible to tapered sidewalls.



The oven hard bake resulted in the least change in film thickness. UV 

stabilization program J resulted in the most change in film thickness. 

Photoresist Line Profile



Experimental – Photoresist Etch
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SiO2 Etch Rate

PR Etch Rate
Selectivity =

MXP-OXSP-VAR-EP
-Time = 60 sec

-Pressure = 200 mT

-Power = 500 W

-Field = 30 Gauss

-CF4 = 10 sccm

-CHF3 = 50 sccm

-AR = 120 sccm



SiO2 to Photoresist Selectivity



Conclusion

• Optimized programs have been generated for the 

Nanospec which result in a reduction of worst case 

measurement error from 4.5% to 1.6%

• The oven hard bake results in the steepest photoresist 

sidewall angle while program J on Axcelis and 

Uvbake result in the least desirable sidewall profile

• The use of DUV resist with the oven hard bake gave 

the best etch selectivity
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Comments or Questions?
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