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Tahoe Reno Industrial Center (TRI)

• TESLA Gigafactory: https://www.tesla.com/gigafactory
• Apple data center: 
• https://www.datacenters.com/apple-inc-reno
• https://www.usatoday.com/story/tech/2017/05/10/apple-announces-1-billion-data-center-expansion-east-reno/101533480/
• Google data center 
• https://www.rgj.com/story/money/business/2019/07/31/google-massive-reno-nevada-facility-rising-high-desert/1871965001/
• NCAR : https://www.rgj.com/story/money/business/2019/07/31/google-massive-reno-nevada-facility-rising-high-desert/1871965001/

https://www.tesla.com/gigafactory
https://www.datacenters.com/apple-inc-reno
https://www.usatoday.com/story/tech/2017/05/10/apple-announces-1-billion-data-center-expansion-east-reno/101533480/
https://www.rgj.com/story/money/business/2019/07/31/google-massive-reno-nevada-facility-rising-high-desert/1871965001/
https://www.rgj.com/story/money/business/2019/07/31/google-massive-reno-nevada-facility-rising-high-desert/1871965001/


Personal care

Research Areas:
Materials, Sensors and Devices

Medical applications

Jeongwon Park, PhD., P.Eng
Associate Professor, 

Department of Electrical and Biomedical Engineering, 
University of Nevada, Reno, NV 89557, USA
E-mail: jepark@unr.edu
Cell: 1 (775) 225-6726

University of Nevada, Reno

Novel Materials

Novel Devices

mailto:jepark@unr.edu


Agenda
• Introduction
• Semiconductor Market and R&D Trends
• Transistor Scaling 
• Challenges and Prospects





Source: Gartner

Hype Cycle for Emerging Technologies (2022)



Wilfred Gomes, Intel Corporation, 2022 IEDM Short Course



THE INTERNATIONAL ROADMAP FOR DEVICES AND SYSTEMS: 2022



Traffic within data center is main limiting factor

THE INTERNATIONAL ROADMAP FOR DEVICES AND SYSTEMS: 2022



Source: 2020 IEEE ISSCC, Cisco VNI Global IP Traffic Forecast 2017-2022

Demand for higher data rates concurrently fueling demand of billions of devices

THE INTERNATIONAL ROADMAP FOR DEVICES AND SYSTEMS: 2022



THE INTERNATIONAL ROADMAP FOR DEVICES AND SYSTEMS: 2022



THE INTERNATIONAL ROADMAP FOR DEVICES AND SYSTEMS: 2022

The new ecosystem of the electronics’ industry based on semiconductor technologies.



Semiconductor ,Supply Chain Deep Dive Assessment , U.S. Department of Energy 
Response to Executive Order 14017, “America’s Supply Chains” ,February 24, 2022



Semiconductor Value Chain

Semiconductor ,Supply Chain Deep Dive Assessment , U.S. Department of Energy 
Response to Executive Order 14017, “America’s Supply Chains” ,February 24, 2022

Source: TSMC



https://www.altmansolon.com/insights/the-semiconductor-ecosystem-complex-global-and-specialized/

Semiconductor Value Chain



Ecosystem of semiconductors 

Electronic Components and Systems, Strategic Research and Innovation Agenda 2022



IRDSRoadmap: Devices Beyond CMOS

Nanodevices for Computing and Logic Beyond CMOS

Identify and Mature Options for Semiconductors Beyond the Present State of the Art

THE INTERNATIONAL ROADMAP FOR DEVICES AND SYSTEMS: 2022



Materials to Systems in Semiconductor Manufacturing and Beyond

Om Nalamasu, Applied Materials, 2021 Symposium on VLSI Technology Digest of Technical Papers



Semiconductor Manufacturing

Om Nalamasu, Applied Materials, 2021 Symposium on VLSI Technology Digest of Technical Papers



THE INTERNATIONAL ROADMAP FOR DEVICES AND SYSTEMS: 2022



Source: Intel investor meeting 2022

Transistor 2003-2025 evolution: From 2D Equivalent scaling to 3D Power scaling

THE INTERNATIONAL ROADMAP FOR DEVICES AND SYSTEMS: 2022



Change in the MOSFET device architecture from the 2D planar through 2.5D FinFets to 3D monolithic VLSI with GAA

THE INTERNATIONAL ROADMAP FOR DEVICES AND SYSTEMS: 2022



Source: IMEC and Intel

Vertical transistors and nanoribbons are progressively entering the logic technology arsenal

THE INTERNATIONAL ROADMAP FOR DEVICES AND SYSTEMS: 2022



THE INTERNATIONAL ROADMAP FOR DEVICES AND SYSTEMS: 2022



Overall technology progression in the 2022 IRDS remains close to forecast.

Devices will continue to aggressively scale in the next 5 years

THE INTERNATIONAL ROADMAP FOR DEVICES AND SYSTEMS: 2022



Sources: Companies, conference reports and IC Insights
THE INTERNATIONAL ROADMAP FOR DEVICES AND SYSTEMS: 2022



https://www.semianalysis.com/p/the-gaps-in-the-new-china-lithography

Lithography scanners



https://www.counterpointresearch.com/increased-euv-shipments-help-asml-deliver-strong-growth-in-q2-2022/

Growth of EUV lithography scanners



https://semiwiki.com/semiconductor-manufacturers/tsmc/328096-tsmc-2023-north-america-technology-symposium-overview-part-1/



https://semiwiki.com/semiconductor-manufacturers/tsmc/328118-tsmc-2023-north-america-technology-symposium-overview-part-2/



https://www.tomshardware.com/news/imec-reveals-sub-1nm-transistor-roadmap-3d-stacked-cmos-20-plans



Sources: Companies, conference reports and IC Insights

THE INTERNATIONAL ROADMAP FOR DEVICES AND SYSTEMS: 2022



System interconnect roadmap of advanced packaging, with hybrid bonding as a new key enabler

Om Nalamasu, Applied Materials, 2021 Symposium on VLSI Technology Digest of Technical Papers





Planning for the advent of monolithic heterogeneous integration

THE INTERNATIONAL ROADMAP FOR DEVICES AND SYSTEMS: 2022
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THE INTERNATIONAL ROADMAP FOR DEVICES AND SYSTEMS: 2022



Beyond CMOS continues to improve towards goal!

THE INTERNATIONAL ROADMAP FOR DEVICES AND SYSTEMS: 2022



Iuliana Radu, TSMC, IEDM 2023



THE INTERNATIONAL ROADMAP FOR DEVICES AND SYSTEMS: 2022



Daewon Ha, Samsung Electronics, IEDM 2022





Image Courtesy: Infineon

Wide-Bandgap Semiconductors (SiC, and GaN) 
for Power Applications



THE INTERNATIONAL ROADMAP FOR DEVICES AND SYSTEMS: 2022



THE INTERNATIONAL ROADMAP FOR DEVICES AND SYSTEMS: 2022



https://semiwiki.com/semiconductor-manufacturers/tsmc/328180-tsmc-2023-north-america-technology-symposium-overview-part-5/



https://commons.wikimedia.org/wiki/File:Intel_Worldwide_Manufacturing_Network.jpg



Agenda

• Introduction
• Semiconductor R&D Trends
• Transistor Scaling 
•Materials and Devices
• Brief Introduction of Other Research Areas in My Group



Energy-efficiency and Performance Innovation of Chips with 2-Dimensional 
Materials (EPIC 2-D Materials)

Source: Intel investor 
meeting 2022

Transistor 2003-2025 evolution: From 2D Equivalent 
scaling to 3D Power scaling

THE INTERNATIONAL ROADMAP FOR DEVICES AND SYSTEMS: 2022



Energy-efficient MetaConductors for Convergence of Sustainable Electronics 
(E-MC2 of Sustainable Electronics): $750k (Phase I Y1), $5M (Target Y2-Y3) 

PI: YK Yoon
(ECE, UF)

Gloria Kim
(EED, UF)

Jin W. Choi
(ECE, MTU)

Jeongwon Park
(EBE, UNR)

Meta-Research Triangle

Our metaconductors help the electronics 
industry achieve high performance computing 
with 200% power efficiency improvement.  

Team name: metaforce Revolutionizing the Semiconductor Industry
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Mass Flow Control
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Enclosure

Heat
Exchanger Flow

Meter
4-Way
Valve
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Controlled Bubblers

Carrier
Gas

Exhaust

Evaluation and Sensor Performance

Test sensors for ppb sensitivity and selectivity
Temperature range: -190 oC to 600 oC

Data Acquisition
And Control PC

Frame Dimensions: 180mm × 130mm × 27mm 



Sensitive detection and identification of airborne 
chemicals and biological agents

• 2D materials FET response in different environments 

• Light matter interaction for selectivity 

• Device miniaturization, connectivity, packaging etc. 

ACS Appl. Mater. Interfaces 2020
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High-Performance 
Computing

Graphene Roadmap

Antennas

Flexible antennas 
in consumer 
electronic devices
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