TEMPERATURE DEPENDENCE OF THE OPTICAL CONSTANTS OF TANTALUM

NITRIDE FORMED BY ATOMIC LAYER DEPOSITION ON 300 mm WAFERS

BY

Aaron Lopez Gonzalez, B.S.

A thesis submitted to the Graduate School
in partial fulfillment of the requirements
for the degree

Master of Science

Major: Physics

NEW MEXICO STATE UNIVERSITY
LAS CRUCES, NEW MEXICO

October 2025



Aaron Lopez Gonzalez

Candidate

Physics

Major

This Thesis is approved on behalf of the faculty of New Mexico State University, and it is
acceptable in quality and form for publication:

Approved by the thesis Committee:

Dr. Stefan Zollner

Chazirperson

Dr. Matthew Sievert

Commaittee Member

Dr. Jason Jackiewicz

Commaittee Member



DEDICATION

I would like to dedicate this thesis to my father, Aaron, my mother, Peyma, and my sisters,
Annapaula and Karime, who have supported and encouraged me in all the projects I worked on

during this journey, both academically and extracurricularly.




ACKNOWLEDGMENTS

First, I would like to declare my faith in Jesus Christ, who gave me comfort and strength to
overcome all adversities and rejoice every day of my life. I'd like to thank all of my family for
their unwavering love, support, and encouragement throughout my entire life, especially in recent
years.

I would like to thank my advisor, Dr. Stefan Zollner, for giving me scientific insight for my
projects and for constantly reminding me to always have a fresh perspective when solving
problems. I would also like to thank every person in my research group for their humble guidance
and support as I worked to finish my project, especially Yoshitha Hettige, Carlos Armenta, Jaden
Love, Haley Woolf, and Sonam Yadav. I would also like to thank our collaborators for their part
in my research, Ekta Bhatia, Tuan Vo, and Satyavolu Papa Rao from NY CREATES in Albany,
NY, who provided the samples I worked on as well as an opportunity for scientific collaboration,
which is always greatly appreciated. I am also very grateful to all the staff and faculty in the physics

department for allowing me to grow professionally through their guidance.

I would also like to thank all the agencies that funded our work. We were supported by the
Louis Stokes Alliance for Minority Participation (HRD 1826758), the Air Force Office of
Scientific Research (FA9550-20-1-0135 and FA9550-24-1-0061), the Air Force Research Lab,
Rome, NY (FA8750-19-1-0031 and FA864921P0773). We thank Daniel Franta and Thomas E.
Tiwald for their assistance with describing the temperature dependence of the dielectric function

of bulk Si from 80 to 600 K.



VITA

2020-2024 B.S., New Mexico State University
2022-2024 STAR Program’s peer mentor
2022-2024 Undergraduate Research Assistant
2024-2025 Graduate Teaching Assistant

2025 Graduate Research Assistant

PROFESSIONAL AND HONORARY SOCIETIES

American Physical Society (APS)

American Vacuum Society (AVS)

American Astronomical Society (AAS)

Tau Beta Pi

Sigma Pi Sigma



PRESENTATIONS AND POSTERS

A. Lopez Gonzalez, and S. Zollner, Standard error measurements of Si, SiO», and TaN wafers

for band gap determination, URCAS 2023, Las Cruces, NM, USA, April 14th, 2023 (poster).

A. Lopez Gonzalez, and A. L. Stuver, The Impact of Gravity Spy Glitch Classes on a Search

for Burst Gravitational Waves, AstroPhilly23, Villanova, PA, USA, July 27th, 2023 (poster).

A. Lopez Gonzalez, and S. Zollner, Optical constants of Tantalum Nitride from 0.03 eV to 6.5

eV at different temperatures, 2023 NM AMP Student Research Conference, Las Cruces, NM,

USA, October 13th, 2023 (poster).

A. Lopez Gonzalez, Y. Hettige, J. R. Love, S. Zollner, E. Bhatia, T. Vo, and S. P. Rao,

Dielectric function of Tantalum Nitride formed by atomic layer deposition on 300 mm wafers,
AVS 69th International Symposium & Exhibition, Portland, OR, USA, November 7th, 2023

(poster).

A. Lopez Gonzalez, and A. L. Stuver, The Impact of Gravity Spy Glitch Classes on a Search

for Burst Gravitational Waves, 243rd AAS meeting, New Orleans, LA, USA, January 6th, 2024

(poster).

A. Lopez Gonzalez, Y. Hettige, J. R. Love, S. Zollner, E. Bhatia, T. Vo, and S. P. Rao,

Dielectric Function of Tantalum Nitride Formed by Atomic Layer Deposition on 300 mm Wafers
for Josephson Junction Applications, APS March Meeting 2024, Minneapolis, MN, USA, March

5th, 2024 (presentation).

V. de Leon, M. Esparza, P. Rostro, A. Barragan, A. Garcia, J. Velasco, A. Lopez Gonzalez, A.

Ocampos, A. Arreguin, J. Soto, and J. Rizo, Regolith Composite Films for Radiation Detection in

Vi



Lunar Habitats, 75th International Astronautical Congress, Milan, LOM, Italy, October 17th, 2024

(poster).

A. Lopez Gonzalez, Y. Hettige, J. R. Love, S. Zollner, E. Bhatia, T. Vo, and S. P. Rao,

Dielectric Function of Tantalum Nitride Formed by Atomic Layer Deposition on 300 mm Wafers
for Josephson Junction Applications, APS Global Physics Summit 2025, Anaheim, CA, USA,

March 19th, 2025 (presentation).

A. Lopez Gonzalez, Y. Hettige, J. R. Love, S. Zollner, E. Bhatia, T. Vo, and S. P. Rao,

Temperature Dependence of the Dielectric Function of Tantalum Nitride Formed by Atomic Layer
Deposition, 10th International Conference on Spectroscopic Ellipsometry, Boulder, CO, USA,

June 12th, 2025 (poster).

AWARDS

J.A. Woollam Co., Inc. Outstanding Undergraduate Student Poster Presentation:

A. Lopez Gonzalez, Y. Hettige, J. R. Love, S. Zollner, E. Bhatia, T. Vo, and S. P. Rao,

Dielectric function of Tantalum Nitride formed by atomic layer deposition on 300 mm wafers,
AVS 69th International Symposium & Exhibition, Portland, OR, USA, November 7th, 2023

(poster).

FIELD OF STUDY

Major Field: Physics

Vii



ABSTRACT

TEMPERATURE DEPENDENCE OF THE OPTICAL CONSTANTS OF TANTALUM

NITRIDE FORMED BY ATOMIC LAYER DEPOSITION ON 300 mm WAFERS

BY

Aaron Lopez Gonzalez, B.S.

Master of Science
New Mexico State University
Las Cruces, New Mexico
2025

Dr. Stefan Zollner, Chair

The work presented in this thesis describes the dielectric function of atomic layer deposition
(ALD) tantalum nitride (TaN) from 0.03 eV to 6.5 eV, where we analyzed its optical constants to
determine their temperature dependence from 80 K to 600 K. Tantalum nitride (TaN) layers with

12 nm and 23 nm thicknesses were formed on top of 300 mm silicon dioxide (SiO2) on Si wafers
by atomic layer deposition, and their TaN layer thicknesses and surface roughness were
confirmed by x-ray reflectance (XRR). The ellipsometric angles W and A were acquired at

room temperature at incidence angles from 50° to 80° and photon energies from 0.5 eV to

viii



6.5 eV on a vertical ].A. Woollam ellipsometer (VASE) and from 0.03 eV to 0.70 eV with a

J.A. Woollam infrared ellipsometer (IR-VASE Mark II).

Having the ellipsometric spectra for photon energies from 0.03 eV to 6.5 eV at room
temperature, we developed an ellipsometry model for the optical constants of the oxide and the
TaN layers. After fitting this model, we obtained the optical constants for the TaN layer when
measured at room temperature (300 K). The measured thickness of the TaN layer is 23 nm, with
two absorption peaks at 3.7 eV and 4.8 eV, and a measured band gap of 1.8 eV. The band gap was

obtained by extrapolating the &> component of the dielectric function in a Tauc plot.

The second part of this research was focused on performing a temperature series of
measurements at 80 K, 190 K, 400 K, 500 K, and 600 K with an incidence angle of 70° to
investigate the temperature dependence of the optical constants and oscillators for the TaN layer.
Since the model for the data at room temperature is fitted, the experimentally obtained thicknesses

for the Si0; and TaN layers were fixed for the analysis of the temperature series.

A Lakeshore Janis ST-400 ultrahigh vacuum cryostat was attached to the VASE ellipsometer
to obtain the ellipsometric data for the whole range of temperatures and the photon energies of 0.5
eV to 6.5 eV. For the lower temperatures of 80 K and 190 K, we used a 35-liter tank of liquid

nitrogen as the cooling source that feeds the cryostat.

Evident from the temperature series performed, the change in temperature on the thin film
slightly changed the pseudo dielectric and dielectric functions of the ALD TaN layer, making the
band gap between 1.5 to 1.8 eV for the entire temperature range of 80 K to 600 K, with higher
temperatures giving a lower band gap. This also demonstrated a relation of change with
temperature that follows an expected behavior of an inverse correlation between thickness and

refractive index.
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