
Paper ID #10406

Introducing Nanotechnology into an Undergraduate Microelectronics Course

Prof. Chung Hoon Lee, Marquette University

Chung Hoon Lee is an Assistant Professor in the Department of Electrical and Computer Engineering at
Marquette University, Milwaukee, WI.

Dr. Susan C. Schneider, Marquette University

Susan Schneider is an Associate Professor in the Department of Electrical and Computer Engineering
at Marquette University, Milwaukee, WI. She is also the Director of Undergraduate Laboratories for the
Electrical Engineering program. Dr. Schneider is a member of ASEE, the IEEE, Sigma Xi and Eta Kappa
Nu.

Mr. Trevor Thiess, Marquette University

c©American Society for Engineering Education, 2014

P
age 24.810.1



Undergraduate Introduction to Micro-fabrication of Memristors 

 
Abstract 

 
In Spring 2012, a pilot project to increase student exposure to nanotechnology was carried out in 
the first electronic devices course in the electrical engineering program at our university. 
Students were given the opportunity to build and test memristors in the nano-electronics research 
laboratory under the supervision of their instructor. In this pilot project, 10% of the students in 
the class chose to participate. Based on the success of the first trial, this project will be run again 
in Fall 2014. 
 
The topic of “memristors” was chosen for this project motivated in no small part by the fact that 
these devices are currently “hot” in the microelectronics/nanoelectronics research community.  
An additional attribute, deemed essential for this student experience, is the ability to create a 
macro-scale version of the memristor. The project work included mini-lectures and assigned 
readings on the history, theory of operation and fabrication, and applications of these devices. 
The project consisted of two sections: macro-scale and micro-scale memristors. During the 
macro-scale portion of the project, students practiced the memristor fabrication techniques for 
several different base metals and sulfiding mediums. Then based on the results (either success or 
failure) determined by the measured current-voltage characteristics of the memristor, the students 
made choices on the materials and methods to scale down the macro-scale memristor to the 
micro/nano-scale memristors using an industry standard fabrication techniques. A graduate 
student working in the nano-electronics laboratory assisted the students during all experimental 
work including safety training and help on both fabrication and data acquisition. 
 
1. Introduction 
 
A memristor is a passive electrical circuit component proposed to explain non-linear circuitry by 
Leon Chua in 1971 [1]. In 2008, an HP Labs team realized the conceptual fourth component in 
circuit theory [2] by fabricating a TiO2 based memristor. A memristor is characterized by its 
ability to ‘remember’ previous resistance states. A memristor is a non-volatile device able to 
maintain its state when it experiences either no voltage or constant voltage (device off or steady-
state). It relates electrical flux and charge as a resistor relates electrical current and voltage [2]. 
 
A team of second year undergraduates was assembled to pursue research into memristor design, 
fabrication, measurement, and analysis. A prototype of the memristor students fabricated is 
shown in Figure 1. The students were recruited during an introductory lecture on solid-state 
principles in their microelectronics course by introducing the burgeoning field of memristor 
research and commercialization. The class was shown a video on the memristor and its potential 
in the future of electronics was discussed. The basics of the memristor were explained alongside 
the diode; each placed within its own historical context—both symbolic of transitions in the way 
engineers imagine circuitry. 
  
A conversation progressed over a few weeks of lecture and eventually led to a team of seven 
students being formed to investigate memristor fabrication. The team included biomedical,  
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8. Conclusion 
 
The two teams successfully developed a fabrication technique that produced functional 
memristors. Fabrication research concludes that reducing copper to copper sulfide to form the 
insulation layer of a memristor by means of a sulfur vapor method is an effective way to realize 
memristive behavior. The overall structure of the project was successful and valuable to students. 
This project demonstrates an effective path for introducing nano- and micro-electronics 
engineering to undergraduate students in a personal, experience-driven way. 
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