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• Develop a comprehensive 10-year hardware roadmap for 
mmWave materials development & electrical characterization 
and testing. 

Create a technology roadmap

• Recommend a U.S.-centric, cross-supply-chain consortium to 
execute the vision of the roadmap, the foundations for a 
strong U.S. manufacturing ecosystem in RF materials and 
testing.

• Promote the growth of a strong and diverse U.S. workforce 
in RF communication technologies, by proposing a plan of 
university curricula development and training. 

Develop a U.S.-focused implementation strategy

Project Duration: 1 May 2022 – 30 Sep 2023 (18 months)
Project Objective

5G/6G MAESTRO - iNEMI

https://www.inemi.org/maestro

iNEMI: 5G/6G MAESTRO – Project Completed

https://www.inemi.org/article_content.asp?adminkey=cc22bf8eb1bfb8248c594509fe54dd9b&article=275
https://www.inemi.org/maestro


5G/6G MAESTRO: Technology Scope

5G/6G 
cellular & 

other 
applications

Materials 
development

Characterization

Electrical 
test

• mmWave frequency bands
• Roadmap materials to meet functional requirements on the 

loss tangent and dielectric constant
• Mechanical and thermal properties in scope
• Constraint: right cost-point & manufacturability at scale

• Identify techniques for repeatable fast low-loss material 
characterization

• Address lack of standard reference materials (SRM) 
• Propose cross-industry approaches, enabling cross-supplier 

comparisons

• Transition from contact testing to over-the-air testing, particularly 
with pervasive use of massive MIMO at mmWave frequencies

• Consider changes in RF front-end packaging, including emergence 
of antenna-in-package technology

• Scaling up from lab-level testing to high-volume manufacturing 
environments

Workforce 
Dev

Mfg Scale 
up proposal

5G/6G MAESTRO - iNEMI

https://www.inemi.org/article_content.asp?adminkey=cc22bf8eb1bfb8248c594509fe54dd9b&article=275


iNEMI 5G/6G MAESTRO: Project Flow

Partnering with 
MASH

https://mash-semiconductors.org/



Mid-Atlantic Semiconductor Hub genesis

Our region is rich in many components of the manufacturing 
supply chain

• Digital twins for advancing semiconductor processes

• Materials and materials integration

• Semiconductor equipment manufacture

• Power components and module power delivery

• Precision instruments for fabrication and metrology

• Hardware and software security

• Packaging and Prototyping equipment

• Reliability and Systems

• Workforce development across the USA

Coalition of top universities and industries that will combine resources and expertise to meet the need of 

semiconductor industry in the US by strengthening and aligning R&D, manufacturing, and workforce development. 

Distributed network of resources and expertise 



MASH distributed network of resources & expertise

Founding Universities

More than 500 tools for 
nanofabrication and 

characterization
↓

• Redundancy
• Accessibility

Enabling Universities

Access to many 
industrial facilities and 
advanced prototyping 

equipment



Industry-led workshops

How our combined research, educational activities and resources would be helpful to 
support and enhance the future of US semiconductor research and manufacturing?

MASH Winter 2023 workshop
Philadelphia

January 11, 2023 

MASH Spring 2023 workshop
State College

May 22-23, 2023 

MASH Winter 2024workshop
State College

January 16-17, 2024



Industrial Engagement
• Engaged more than 160 companies to work with MASH.

• Created an Industrial Working Group to identify their technical and WFD needs.

• Request for Information survey to the industry to collect feedback on technical and WFD needs.

Figure 1. Map of Mid-Atlantic Semiconductor Hub (MASH) Industry Partner Headquarters 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Mid-Atlantic Semiconductor Hub has 131 private industry partners with headquarters in 23 states across the country. These companies not 
only have a national reach but also include international partnerships in France, Germany, Switzerland, Canada, and the United Kingdom. 

23 states



Industry-led workshops
The MASH “distributed” network of facilities and cloud of expertise will support technology 
transition to manufacturing and offer redundancy of resources. MASH will give access to one of 
the world’s largest nanofabrication, packaging, and characterization facility by linking and 
enhancing the facilities in the hub. 

MASH will focus on helping the semiconductor industry to transition Materials into Systems:
advanced communications, non-volatile memory, More than Moore devices, IIoT , Artificial 
Intelligence, edge computing, wireless communications, quantum devices, environmental 
sustainability, and materials and substrates.

MASH activities will center around three cross-cutting areas: 
• Si-adjacent technologies, 
• Advanced packaging, 
• Digital Twins & AI for semiconductor processes.

MASH will develop skills-based educational and workforce development plans to attract 
people to the field, provide companies with an agile system to meet staffing requirements, and 
at the same time, enhance racial and socioeconomic diversity.



What problems might MASH solve
Si-adjacent materials

• Ferroelectric and 
Piezoelectric 
manufacturing 
capabilities

• Diamond 
manufacturing 
capabilities

Josh Robinson (PSU)
Adri Van Duin (PSU)
Suzanne Mohney (PSU)

• SiC foundry

Susan Trolier-McKinstry (PSU)
Gianluca Piazza (CMU)
Troy Olsson (UPenn)

Nathalie de Leon (Princeton)
Alastair Stacey (PPPL)
David Graves (PPPL)
Josh Robinson (PSU)

→

→

→



What problems might MASH solve
Si-adjacent materials Advanced Packaging

• Ferroelectric and 
Piezoelectric 
manufacturing 
capabilities

• Diamond 
manufacturing 
capabilities

Josh Robinson (PSU)
Adri Van Duin (PSU)
Suzanne Mohney (PSU)

• SiC foundry

Susan Trolier-McKinstry (PSU)
Gianluca Piazza (CMU)
Troy Olsson (UPenn)

Nathalie de Leon (Princeton)
Alastair Stacey (PPPL)
David Graves (PPPL)
Josh Robinson (PSU)

• Glass Core 
substrates

• High-throughput 
glass structuring

• Scaling of TGV

• Low loss materials 
for ultra high-
performance 
photonics

• Substrates for low 
loss RF & photonic 
signal routing; 
packaging for 
mmWave structures

John Mauro (PSU)
Mike Lanagan (PSU)
Madhavan Swaminathan (PSU)

Colin Schmucker (SCHOTT)

Andrew Ketterson (Qorvo)

Michal Lipson (CU)
Keren Bergman (CU)
Alexander Gaeta (CU)

• Quantum 
packaging

Jeff Fitzgerald (BAE Systems)

J. Herbsommer (TI)
Huascar Ascarrunz (Freq Elect)
Daniel Lopez (PSU)

→

→

→

→

→

→

→

→

→



What problems might MASH solve
Si-adjacent materials Digital Twins & AI for 

semiconductor processes
Advanced Packaging

• Ferroelectric and 
Piezoelectric 
manufacturing 
capabilities

• Diamond 
manufacturing 
capabilities

Josh Robinson (PSU)
Adri Van Duin (PSU)
Suzanne Mohney (PSU)

• SiC foundry

Susan Trolier-McKinstry (PSU)
Gianluca Piazza (CMU)
Troy Olsson (UPenn)

Nathalie de Leon (Princeton)
Alastair Stacey (PPPL)
David Graves (PPPL)
Josh Robinson (PSU)

• How products perform in the field?

• Large scale simulation of 
manufacturing processes

• Large scale simulations of materials 
synthesis

• How to collect large metrology data 
and perform software analysis?

• Digital twins for packaging?

• Accelerate the engineering of new 
materials.

• Multi-physics tools for thermal 
budget

• PDK for packaging

• Hardware security

• Glass Core 
substrates

• High-throughput 
glass structuring

• Scaling of TGV

• Low loss materials 
for ultra high-
performance 
photonics

• Substrates for low 
loss RF & photonic 
signal routing; 
packaging for 
mmWave structures

John Mauro (PSU)
Mike Lanagan (PSU)
Madhavan Swaminathan (PSU)

Colin Schmucker (SCHOTT)

Andrew Ketterson (Qorvo)

Michal Lipson (CU)
Keren Bergman (CU)
Alexander Gaeta (CU)

• Quantum 
packaging

Jeff Fitzgerald (BAE Systems)

J. Herbsommer (TI)
Huascar Ascarrunz (Freq Elect)
Daniel Lopez (PSU)

→

→

→

→

→

→

→
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→



Semiconductor Crystal Foundry

Bulk Synthesis

Processing

Integration

Nitrides
Oxides

Diamond
BN/2D

SiC

Onsemi, Coherent, Qorvo, PowerEx,… 

Lead University: PSU (Josh Robinson, Susan Trolier-McKinstry)
Partner Universities: UPenn, CMU, Princeton, Columbia, U Delaware



Semiconductor Crystal Foundry

Ferroelectric and Piezoelectric 
manufacturing capabilities
• FRAM
• Fe-CAP
• MEMS

Diamond manufacturing 
capabilities
• Power electronics
• Quantum sensors
• Extreme environments

Lead University: PSU (Josh Robinson, Susan Trolier-McKinstry)
Partner Universities: UPenn, CMU, Princeton, Columbia, U Delaware



Courtesy of Rick Gottscho & David Fried (Lam Research)

Digital Twins and AI for manufacturing
Lead University: CMU (Gary Fedder)
Partner Universities: BU, Columbia, NYU, UPenn, PSU



Materials growth
SiC & GaN

Ferro and Piezo
Diamond

Devices
CMOS

Photonics
MEMS

Facilities & equipment
Cleanrooms

Manufacturing equipment
Packaging tools

Workforce development

Digital Twins and AI for manufacturing
Lead University: CMU (Gary Fedder)
Partner Universities: BU, Columbia, NYU, UPenn, PSU



Advanced Packaging

Prof. Madhavan Swaminathan

Center for Heterogeneous Integration of Micro Electronic Systems



Advanced Packaging
Lead University: PSU (Madhavan Swaminathan), Keren Bergman (Columbia)
Partner Universities: NYU, Columbia, Princeton, U Maryland

Keren Bergman
Charles Batchelor Professor of Electrical Engineering; 
Dept of Electrical Engineering, Columbia University



Advanced Packaging
Global Navigation Satellite System

From $5000 to $50?

Sensitivity/stability  augmentation through 
Integrated Quantum Sensors



Workforce Development 
Corridor

• Digital twins for advancing 
semiconductor processes

• Materials and materials integration
• Semiconductor equipment manufacture
• Power components and module power 

delivery
• Precision instruments for fabrication and 

metrology
• Hardware and software security
• Packaging and Prototyping equipment
• Reliability and Systems
• Workforce development across the USA

2.4M
undergraduates

500
colleges & universities

9M
K12 students

12k
K12 institutions

60M
residents

Workforce Pipel ine

Workforce Development



Workforce Development across MASH
• Core group for WFD coordination across MASH: 

- community colleges, HBCUs, MSIs, unions, Veteran/Military organizations.

• WFD asset mapping conducted across MASH participating universities and partners.

- training the currently available individuals in the workforce

- establishing pipelines through k12 and higher Ed as a sustainable future

- ensuring that the diversity of the work force grows over time

- reskilling in the age of Artificial Intelligence

Sample Career 
Pathways

Social mobility



MASH and the CHIPS Act



National Advance Packaging Manufacturing Program



Advanced Packaging

National Advance Packaging Manufacturing Program



Glass substrate (MAESTRO Roadmap)



Manufacturing USA Semiconductor Institute



Manufacturing USA Semiconductor Institute

Government
Programs

Trained 
workforce

Foundry

• Manufacturing Institutes
• NSTC
• NAPMP projects
• DoD NGMM & ME 

Commons
• WFD organizations
• Federal Science programs

Simulation Materials Synthesis Metrology Packaging

In-person trainingTraining plans Virtual training

Advance 
Prototyping

Workforce 
Development

Advanced tools for simulation, fabrication, test, assembly & packaging 

Academia

Industries

MASH Manufacturing Institute

Industrial facilities and resources for precompetitive collaborations



MASH working groups
• Workforce development

• Silicon adjacent materials
o Materials for Power Electronics
o Materials for Optical Interconnects
o Ferro and Piezoelectric materials

• Digital Twins and AI

• Advanced Packaging
o MAPT
o CHIPS
o 5G/6G Maestro (iNEMI)

More than 450 
participants from industry 

and academia

Contact: 
Madhavan Swaminathan
Daniel Lopez
Urmi Ray



The people behind MASH

Susan Trolier-McKinstry

Madhavan Swaminathan

Daniel Lopez



MASH summary

MASH Partners:
• 160+ industry
• 300+ organizations
• 3 National Labs
• 18 academic institutions
• 500+ members
• Support from local states

• Distributed network of academic, federal, and 
industrial resources and a cloud of talent in all the 
components of the manufacturing supply chain

• Regionally-centered programs with strong 
national connections and participation.

• Focused on transitioning materials into systems 
with strong emphasis on packaging and 
developing agile education and workforce 
opportunities.

Targeted opportunities:
• NAPMP (Madhavan Swaminathan)
• Manufacturing Institute (Daniel Lopez)



THANK YOU
Daniel Lopez

Liang Professor of EE
Director Nanofabrication Lab
Materials Research Institute

Penn State University

dlopez@psu.edu

Madhavan Swaminathan

Dept. Head Electrical Engineering
William E. Leonhard Endowed Chair

Director, CHIMES (an SRC JUMP 2.0 Center)
Penn State University

mvs7249@psu.edu

mash-semiconductors.org



MASH brochure

Available at https://mash-semiconductors.org/




