
Accepted Manuscript

Spectroscopic ellipsometry characterization of multilayer optical
coatings

James N. Hilfiker, Greg K. Pribil, Ron Synowicki, Andrew C.
Martin, Jeffrey S. Hale

PII: S0257-8972(18)31088-0
DOI: doi:10.1016/j.surfcoat.2018.10.003
Reference: SCT 23866

To appear in: Surface & Coatings Technology

Received date: 29 June 2018
Revised date: 28 September 2018
Accepted date: 2 October 2018

Please cite this article as: James N. Hilfiker, Greg K. Pribil, Ron Synowicki, Andrew C.
Martin, Jeffrey S. Hale , Spectroscopic ellipsometry characterization of multilayer optical
coatings. Sct (2018), doi:10.1016/j.surfcoat.2018.10.003

This is a PDF file of an unedited manuscript that has been accepted for publication. As
a service to our customers we are providing this early version of the manuscript. The
manuscript will undergo copyediting, typesetting, and review of the resulting proof before
it is published in its final form. Please note that during the production process errors may
be discovered which could affect the content, and all legal disclaimers that apply to the
journal pertain.

https://doi.org/10.1016/j.surfcoat.2018.10.003
https://doi.org/10.1016/j.surfcoat.2018.10.003


AC
CEP

TE
D M

AN
USC

RIP
T

1 

Spectroscopic ellipsometry characterization of multilayer optical coatings 

James N. Hilfiker, Greg K. Pribil, Ron Synowicki, Andrew C. Martin, and Jeffrey S. Hale 

J.A. Woollam Co., 645 M Street, Lincoln, NE 68508, USA 

 

Corresponding Author:  James N. Hilfiker, (402)477-7501 ext. 127, jhilfiker@jawoollam.com 

 

Abstract 

 

The performance of an optical coating stack depends on thickness and refractive index of each layer.  In situ 

spectroscopic ellipsometry (SE) can track coating properties in real-time, but ex situ SE characterization is 

limited by the large number of unknown sample properties.  We review various SE characterization 

strategies for multilayer structures using 37-layer alternating high-low index stacks of Ta2O5 and SiO2.  A 

“tooling factor” for each coating material is developed to inform how the actual layer thicknesses compare 

to nominal specifications. 

We also introduce tests for sources of error that can occur during multilayer processing.  Process drift may 

produce a gradual change in film properties, such as a slight increase or decrease in coating thickness or 

optical constants.  This is modeled by adding a gradient to each tooling factor.  User-error is also 

considered, where incorrect parameter entry produces an unintentional stack design.  An erroneous layer is 

identified by systematically testing each layer.  A “blind” test was performed to determine SE sensitivity to 

such errors, where a single layer was intentionally altered within a 37-layer stack, and systematic testing 

was able to resolve the altered layer thickness and position in the stack. 
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