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Reorganizing a computer chip: Transistors can now both 

process and store information 
 

A computer chip processes and stores information using two different devices. If engineers could 

combine these devices into one or put them next to each other, then there would be more space on a 

chip, making it faster and more powerful. 

Purdue University engineers have developed a way that the millions of tiny switches used to process 

information -- called transistors -- could also store that information as one device. 

The method, detailed in a paper published in Nature Electronics, accomplishes this by solving another 

problem: combining a transistor with higher-performing memory technology than is used in most 

computers, called ferroelectric RAM. 

Researchers have been trying for decades to integrate the two, but issues happen at the interface 

between a ferroelectric material and silicon, the semiconductor material that makes up transistors. 

Instead, ferroelectric RAM operates as a separate unit on-chip, limiting its potential to make computing 

much more efficient. 

A team led by Peide Ye, the Richard J. and Mary Jo Schwartz Professor of Electrical and Computer 

Engineering at Purdue, discovered how to overcome the mortal enemy relationship between silicon and 

a ferroelectric material. 

"We used a semiconductor that has ferroelectric properties. This way two materials become one 

material, and you don't have to worry about the interface issues," Ye said. 

The result is a so-called ferroelectric semiconductor field-effect transistor, built in the same way as 

transistors currently used on computer chips. 

The material, alpha indium selenide, not only has ferroelectric properties, but also addresses the issue 

of a conventional ferroelectric material usually acting as an insulator rather than a semiconductor due 

to a so-called wide "band gap," which means that electricity cannot pass through and no computing 

happens. 

Alpha indium selenide has a much smaller band gap, making it possible for the material to be a 

semiconductor without losing ferroelectric properties. 

Mengwei Si, a Purdue postdoctoral researcher in electrical and computer engineering, built and tested 

the transistor, finding that its performance was comparable to existing ferroelectric field-effect 

transistors, and could exceed them with more optimization. Sumeet Gupta, a Purdue assistant 
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professor of electrical and computer engineering, and Ph.D. candidate Atanu Saha provided modeling 

support. 

Si and Ye's team also worked with researchers at the Georgia Institute of Technology to build alpha 

indium selenide into a space on a chip, called a ferroelectric tunneling junction, which engineers could 

use to enhance a chip's capabilities. The team presents this work on Dec. 9 at the 2019 IEEE 

International Electron Devices Meeting. 

In the past, researchers hadn't been able to build a high-performance ferroelectric tunneling junction 

because its wide band gap made the material too thick for electrical current to pass through. Since 

alpha indium selenide has a much smaller band gap, the material can be just 10 nanometers thick, 

allowing more current to flow through it. 

More current allows a device area to scale down to several nanometers, making chips more dense and 

energy efficient, Ye said. A thinner material -- even down to an atomic layer thick -- also means that the 

electrodes on either side of a tunneling junction can be much smaller, which would be useful for 

building circuits that mimic networks in the human brain. 

This research was performed in the Purdue Discovery Park Birck Nanotechnology Center and 

supported by the National Science Foundation, Air Force Office of Scientific Research, Semiconductor 

Research Corporation, Defense Advanced Research Projects Agency and the U.S. Office of Naval 

Research. 

Purdue University 
 www.sciencedaily.com 

 

Novel material switches between electrically conducting 

and insulating states 
 

Northwestern Engineering researchers have developed a novel design strategy to identify new 

materials exhibiting a metal-insulator transition (MIT), a rare class of materials categorized by their 

ability to reversibly switch between electrically conducting and insulating states. The new method could 

jumpstart future design and delivery of faster microelectronics with more storage capabilities, as well as 

quantum materials platforms for future electronics. 

"Our approach uses anion substitution at the atomic scale and the recognition of key MIT properties to 

identify potential heteroanionic MIT materials, which have not been widely considered to this point," 

said James Rondinelli, associate professor of materials science and engineering and the Morris E. Fine 

Junior Professor in Materials and Manufacturing at the McCormick School of Engineering, who led the 
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team. "We hope by formulating these electronic structure-property relationships, new transitions in 

quantum materials can be designed in the future." 

A paper outlining the work, titled "Design of Heteroanionic MoON Exhibiting a Peierls Metal-insulator 

Transition," was published on December 3 in the journal Physical Review Letters. Rondinelli was the 

paper's co-corresponding author along with Danilo Puggioni, a research assistant professor in the 

Department of Materials Science and Engineering. 

Using quantum-mechanical computer simulations at Northwestern's Quest High Performance 

Computing Cluster, Rondinelli and researchers designed the picoscale crystalline structure of the new 

material, called molybdenum oxynitride (MoON), to host the phase transition. The researchers found 

the MIT occurred near 600 degrees Celsius, revealing its potential for applications in high-temperature 

sensors and power electronics. 

The group noted multiple design parameters influenced MoON's phase transition. The inclusion of 

multiple anions in the material -- in this case, negatively charged oxygen and nitrogen ions -- activated 

the phase transition due to specific electron configurations related to the spatial orientation of electronic 

orbitals, supporting previous findings in other binary MIT materials. In addition, MoON's flexible rutile 

crystal structure lent reversibility between electrically conducting and insulating states. 

The findings offer insight into how subtle changes on the nanoscale can be used to control 

macroscopic behavior -- like conductivity -- in materials. 

"Substantial work has been done during the past decade to understand MIT materials and discover 

new ones; however, less than 70 unique compounds are currently known that exhibit this thermal 

transition," Rondinelli said. "We embodied key features of MIT materials, including particular picoscale 

structural features, as well as the crucial d1 electron configuration, into our design. Our project 

leverages a way that we and others can use key first-principle design concepts to expand the MIT 

phase space and effectively pursue new MIT materials." 

Scientists hope by formulating these electronic structure-property relationships, new transitions in 

quantum materials can be designed in the future. These compounds are useful as the active layer for 

transistors or in memory applications. 

"MIT materials represent a class of phase transitions that may enable advances in information 

processing and storage beyond conventional complementary metal-oxide semiconductor scaling in 

microelectronics," Rondinelli said. "This translates to faster devices with more storage capabilities. In 

addition, MIT materials could enable low‐ power microelectronic systems, meaning you would need to 

charge your device less frequently, as it lasts longer because the components require less power." 

The work was supported by the National Science Foundation's (NSF) MRSEC program (award number 

DMR-1720319) at the Northwestern University Materials Research Center and NSF under DMR-
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1454688. The computational contributions were supported by the Army Research Office through grant 

number W911NF-15-1-0017. 

 Northwestern University  
www.sciencedaily.com  

 
 
 
 
 

 Industrial visit to Giant Metrewave Radio Telescope, Narayangaon for SE students for the 

subject of Signal and System on 6th September 2019. 

 Industrial visit to ESDM Technologies, Pvt. Ltd. for TE students for the subject of Electronics 

System Design on 17th & 18th September 2019.  

    

 Industrial visit to Caprihans India Limited for TE students for the subject of Mechatronics on 20th 

September 2019. 

 

 

Expert Lecture/Seminars/Courses/Industrial Visits Organized 

http://www.northwestern.edu/
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 An Expert lecture was organized on “Current trends of microcontrollers and use in industry" on 

28th September 2019. Ms. Juhi Ramsinghani (Asst. Manager, NASH Robotics and Automation, 

Nashik) was the resource person. 

 

                    

 An Expert lecture was organized for SE on "Software Testing" on 28th September 2019 under 

the subject Data Structure & Algorithms. Mr. Nilesh Ramdas Navale (Project Manager, Winjit 

Technologies Pvt. Ltd, Mumbai) was the resource person. 

      

 

 An Expert lecture was organized for SE on "Applications of transformers in Indian railways" on 

3rd October 2019 under the subject Electrical Circuits & Machine. Mr.Vinayak N. Bodade 

(Central Railways, Nashik) was the resource person. 
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 An Expert lecture was organized for TE on "Microcontroller and Embedded C" on 4th October 

2019. Mr. Sohankumar Desale (Deputy Manager, Crompton Greaves Power and Industrial 

Solutions, Nashik) was the resource person. 

 Industrial visit to Apollo Hospital, Nashik for BE students for the subject of Biomedical 

Electronics on 5th October 2019. 
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 E-waste awareness and collection drive was conducted among students for proper disposal of 

e-waste by Rencent Technologies. E&TC Department was awarded for the initiatives taken by 

the students and staff. 

 

 

 

 

 
 
 
 
 

The E-Ganesha Competition was organized by E&TC department of K.K. Wagh Institute of Engineering 

Education& Research in collaboration with IETE (Institution of Electronics and Telecommunication 

Engineers) on 12th September 2019. 

This was a project competition for undergraduate students with the motive of providing quality technical 

education. 

E-Ganesh Competition 
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The objective of the competition was to show the applications of electronics in Ganesha decoration and 

development of students’ interest in the field of electronics. 

 

The program was inaugurated by Dr. D. M. Chandwadkar , Head of Dept. E&TC. The competition was 

judged by Ms. Gayatri Shirole of Emerson Technologies, Nasik who is also the alumni of this 

department. The Honorable guest was felicitated by respected HOD sir. 
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The students gained a lot of knowledge and guidance from the judging panel. The students developed 

various skills such as circuit building, leadership and management skills, teamwork, conceptual skills, 

creative thinking, time management, presentation skills etc. The students actively participated in the 

event and out of them three groups were declared as winners.  

The winners of the competition are: 

1. Aditya Bhavar, Mandar Bangar and Adarsh Mali bagged the first prize of Rs. 2500 for their 

project on Robotic Arm for Aarti, Ganesh Darshan count. 

 

 

2. Shubham Wagh, Mayur Chavan, Shubham Sonawane, Yash Shewale bagged the second prize 

of Rs. 2000 for their project on Smart Prasad distribution. 
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3. Aniket Arya, Nimish Thanekar, Abhishek Patel, Shrisha Sudhir bagged the third prize of Rs. 

1500 for their project on LED Decoration Control using Bluetooth Interface App. 

 

Apart from the participants and the judges, the presence of lot of students and teachers was observed. 

The competition motivated students to build such projects in the future. The competition was a great 

success and was inspirational to many. 
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Department of Electronics and Telecommunication department organized project based learning 

exhibition on 5th Oct 2019 from 11.00 am to 3.00 pm. 

Along with regular studies students of SE, TE, BE are implementing innovative ideas as a micro, mini 

projects. Students select topics and discuss it with their teachers. Required resources are provided by 

department like components, circuit simulation software’s PCB lab, reference books etc. 

 

Project Based Learning Exhibition 
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Students deign, simulate, test and implement projects in laboratories. Students prepare technical report of 

the project and give presentation of their project. Assessment of the project is done by the faculty members 

based on criteria like topic selection, design of the circuit, implementation, understanding of the concept, 

result and conclusion etc. Project based learning exhibition is organized to provide the students with a 

platform to showcase their talent. Students are also motivated to prepare electronics hobby projects and 

present it during exhibition.   

 Around 36 micro and mini projects done by second, third and fourth year students were presented in 

exhibition. Second year students have done projects under subject digital electronics and Data 

structure and applications. Third year students have done projects under subject electronics system 

design, project done by fourth year students are form the subject IOT. Electronics hobby projects done 

by students were presented in open category.  

Impact of the activity: 

Project based learning activity improved technical skills in students like circuit designing, circuit testing 

(hardware, software), troubleshooting and   programming etc. 

This activity also enhances soft skills in students like communication skills, teamwork, leadership, 

presentation, report writing etc. 

The activity is useful to improve student’s abilities like critical thinking, communication and cooperation 

etc. Students are agreeing that this experience will be useful to them in their career. 

Photographs of event  
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Vision 
 

Provide quality education to create engineering professionals of global standards 
by keeping pace with rapidly changing technologies to serve the society. 

 

Mission 
 

M1: To educate the students with the state-of-the-art technologies and value 
based education to meet the growing   challenges of industry. 

 M2: To provide scholarly ambience & environment for creating competent 
professionals. 

 M3: To inculcate awareness towards societal needs. 
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