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INEMI: SG/6G MAESTRO — Project Completed

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

NIST Advanced Manufacturing
Technology (MfgTech) Roadmap

5G/6G mmWaye Materials and Electrical Test

» Develop a comprehensive 10-year hardware roadmap for Tochnokgy (5G/0G MAESTRO)
mmWave materials development & electrical characterization | |
. Materials Development and Electrical Test Roadmap
and teStlng. September 2023
« Recommend a U.S.-centric, cross-supply-chain consortium to
[ . National Institute of Standards and Technology (NIST
execute the vision of the roadmap, the foundations for a oo o
strong U.S. manufacturing ecosystem in RF materials and
testi ng . Principal Investigator: Urmi Ray, INEML (urmi.ray@inemi.org)

* 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.

5G/6G MAESTRO - iNEMI
https://www.inemi.org/maestro
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https://www.inemi.org/article_content.asp?adminkey=cc22bf8eb1bfb8248c594509fe54dd9b&article=275
https://www.inemi.org/maestro

5G/6G MAESTRO: Technology Scope

Workforce
Dev
« mmWave frequency bands
+ Roadmap materials to meet functional requirements on the
loss tangent and dielectric constant
Materials + Mechanical and thermal properties in scope
development « Constraint: right cost-point & manufacturability at scale
« Identify techniques for repeatable fast low-loss material
o characterization
Cha"aCte"'zat'°“|:> - Address lack of standard reference materials (SRM)
« Propose cross-industry approaches, enabling cross-supplier
comparisons
Electrical @ « Transition from contact testing to over-the-air testing, particularly
test with pervasive use of massive MIMO at mmWave frequencies
« Consider changes in RF front-end packaging, including emergence
of antenna-in-package technology
u';'fpgnf;g'szl « Scaling up from lab-level testing to high-volume manufacturing
environments

5G/6G MAESTRO - iNEMI

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

INEMI 5G/6G MAESTRO: Project Flow

5G/6G Maestro
Market survey WP1: Tech & Market

Assessment

Design Analysis

Materials Landscape WP2: Roadmap Generation

E-Test Landscape

Proof of concept

white paper WP3: Implementation Strategy

Location, Budget l

Dissemination: Webinar, Conferences, Technical Papers,
Community college/University curricula
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Mid-Atlantic Semiconductor Hub genesis

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.

e‘@

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

» Digital twins for advancing semiconductor processes

[ * Materials and materials integration
i +  Semiconductor equipment manufacture
@ ° +  Power components and module power delivery
"“ ‘@ . . . . .
A 'itti.'z'.‘." * Precision instruments for fabrication and metrology
N @ * Hardware and software security
e \Fent . ; ¢
J— + Packaging and Prototyping equipment

NIVERSITY ox
AW

* Reliability and Systems

*  Workforce development across the USA

Distributed network of resources and expertise
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MASH distributed network of resources & expertise

Founding Universities Enabling Universities

More than 500 tools for

A
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nanofabrication and
characterization
J
 Redundancy
« Accessibility

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?

Penn

UNIVERSITY of PENNSYLVANIA

!‘o,, PennState "‘03 PennState

MASH Winter 2023 workshop MASH Spring 2023 workshop MASH Winter 2024workshop
Philadelphia State College State College
January 11, 2023 May 22-23, 2023 January 16-17, 2024

M'S  vigatantic =
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Industrial Engagement scor (RSN

ass made of ideas

. 4 |ASER
- Engaged more than 160 companies to work with MASH. o
7 ; @ BROADCOM™ nerva-
- Created an Industrial Working Group to identify their technical and WFD needs.
BOEFING

- Request for Information survey to the industry to collect feedback on technical and WFD needs. = op
7y Infinera
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Industry-led workshops

MS

Mid-Atlantic
SEMICONDUCTOR HUB s

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, |loT , Artificial

Intelligence, edge computing, wireless communications, guantum devices, environmental
sustainability, and materials and substrates.

MASH activities will center around three cross-cutting areas:
« Si-adjacent technologies,
« Advanced packaging,
- Digital Twins & Al 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.
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What problems might MASH solve

Si-adjacent materials

« SiC foundry

McKinsey
& Company
New silicon carbide
prospects emerge as market
adapts to EV expansion

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

* Ferroelectric and

Piezoelectric Sgsan Troll_er—McKlnstry (PSU)
manufacturin Gianluca Piazza (CMU)
S 9 Troy Olsson (UPenn)
capabilities
+ Diamond Nathalie de Leon (Princeton)

" Alastair Stacey (PPPL)
manufacturing — David Graves (PPPL)

capabilities Josh Robinson (PSU)
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What problems might MASH solve

Si-adjacent materials

« SiC foundry

McKinsey
& Company

New silicon carbide
prospects emerge as market
adapts to EV expansion

Josh Robinson (PSU)

+ Ferroelectric and
Piezoelectric
manufacturing
capabilities

« Diamond
manufacturing —
capabilities

NE' s Mid-Atlantic

SEMICONDUCTOR HUB

Adri Van Duin (PSU)
Suzanne Mohney (PSU)

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

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

Carnegie
\Icllo(;f
University,

Advanced Packaging

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

Glass Core
substrates

High-throughput

s Colin Schmucker (SCHOTT)
glass structuring

Scaling of TGV —> Andrew Ketterson (Qorvo)

Low loss materials
for ultra high-
performance
photonics

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

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

Jeff Fitzgerald (BAE Systems)

Quantum J. Herbsommer (TI)
. —> Huascar Ascarrunz (Freq Elect)
packaging Daniel Lopez (PSU)
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What problems might MASH solve

Si-adjacent materials

« SiC foundry

McKinsey
& Company

New silicon carbide
prospects emerge as market
adapts to EV expansion

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

+ Ferroelectric and
Piezoelectric
manufacturing
capabilities

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

« Diamond Nathalie de Leon (Princeton)

% Alastair Stacey (PPPL)
manufacturing — David Graves (PPPL)

capabilities Josh Robinson (PSU)
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Advanced Packaging

Glass Core John Mauro (PSU)
substrates —> Mike Lanagan (PSU)

Madhavan Swaminathan (PSU)

High-throughput

s Colin Schmucker (SCHOTT)
glass structuring

Scaling of TGV —> Andrew Ketterson (Qorvo)

Low loss materials _ :
Michal Lipson (CU)

for ;‘Itra high- —> Keren Bergman (CU)
per orn?ance Alexander Gaeta (CU)
photonics

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

Jeff Fitzgerald (BAE Systems)

Quantum J. Herbsommer (TI)
—> Huascar Ascarrunz (Freq Elect)
paCkagmg Daniel Lopez (PSU)
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Digital Twins & Al for

semiconductor processes

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



Semiconductor Crystal Foundry

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

Workforce
IP & Spin-offs New Research
\
“ b
Economic Research
Development Innovation Bulk Synthesis
Apprenticeships Quantum
& Internships

BS, MS, PhD E.xtreme

Training Environments

SiC e
Oxides

Power_ Diamond 7

/ Electronics |

y En\\,évrgy

Transition
Technology

{ //v
Development Néeds,, A

Start-ups | Academia

Industrial Research
Centers
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Semiconductor Crystal Foundry

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

IR e Ferroelectric and Piezoelectric
_ manufacturing capabilities
B\\V + FRAM
/ // \\\ \
DEcolnomic i \\ Research * Fe-CAP
evelopment \ Innovation A
s P Quantum MEMS
BS, MS, PhD Extreme
Training Environments
S Diamond manufacturing
incubigon >~ J\ < E0Fr® capabilities
Ny  » « Power electronics
T « Quantum sensors
Start- Academi 3
e [ « Extreme environments

M'S 1 vig-atantc (e
SEMICONDUCTOR HUB s




Digital Twins and Al for manufacturing

Lead University: CMU (Gary Fedder)
Partner Universities: BU, Columbia, NYU, UPenn, PSU

Virtual
({// process:
. | PennState
1(\]/f:lliileggle NYU
elLon
University
.‘. Pe I | | | | Virtual
UNIVERSITY 0f PENNSYLVANIA tool:
Engineering
Human-Al team halves
cost of chip-designstep |
Ying-Lang Wang & Mao-Chih Huang :Iall’:-)t:ual

Engineersand algorithms have competed inavirtual test to
design astep inthe process of manufacturing computer chips.
Pairing human expertise with computational efficiency proves
most cost-effective, but only when the timing is right. See p.707

M.S < vidatiantic T (&
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Digital Twins and Al for manufacturing

Lead University: CMU (Gary Fedder)
Partner Universities: BU, Columbia, NYU, UPenn, PSU

4}1% e 5 ~
~/Technologies to Support

Industrialized Construction

Materials growth Devices

Digital Twin

Computational design and optimization
Design for manufacturing and assembly (DfMA)

Additive Construction
Additive construction materials and methods
Navigation in uncertain environments

Automation in Manufacturing

and Assembly
Task planning and simulation
Navigation in uncertain environments

Human-Robot Interaction
Simulation of robotic training
Ethics and human-robot interaction

Facilities & equipment

CMOS
Photonics
MEMS

SiC & GaN
Ferro and Piezo
Diamond

Carnegie
Mellon
University,

MS

Mid-Atlantic
SEMICONDUCTOR HUB 5

Cleanrooms




Advanced Packaging
CHIMES — VISION

) 2
s e e 7 CHIMES: Monolithic and Heterogeneous Integration through novel materials, design tools,
R band . |Sub-THz| Power | suph-THz Sub-THz | ; ; -
aseband (Tcx I\;;g.;; Amplifier bascives A:‘:;ien j(::rea I architectures, power delivery and cooling
| (InP) Y | I. Monolithic 3D Integration Il. W2W and D2W Bonding using
| Glass.ibietns e | with sequential layers BEOL 1/Os and Vias for 3D
| P Electronic and Photonic Heterogeneous Integration
. . . Heat spreader and
Materials Innovations CMOS image sensor thermal vias .
(pixel layer) Dielectric
Reconfigurable ) N
Interconnect M3D Vias i . \\\
BEOL memory stack  Dien P - Wires g
Design Tools anc (eg-ferro) N PP Die k
= BEOL logic
CAD Innovations g .
Backside GaN
power delivery Optical Waveguides

a ll. Embedded Dies with 3D
Power delivery and connectivity for Heterogeneous
Integrati%g

SYSTEM SCALING

Cooling innovations

RDL 2D

COMPONENTS

Architectureand Active
Integration innovations Interposer cORE CHIPLET 3 CHIPLET 4

 CHIPLET5 " CHIPLET 6

Center for Heterogeneous Integratlon of Micro Electronlc Systems

N \
Carnegie R N e e ANNR TR AN
Vel NIVERSITYox i SN S 2N NN PR < 'v ? L \ \

University,

EIAWARE
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Advanced Packaging

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

GPU-Memory Bandwidth
AMD MI300X: 5.2 TB/s
Nvidia DGX H100: 3.35 TB/s
Intel Data Center GPU Max: 3.28 TB/s

Spi

GPU-GPU Bandwidth

AMD Infinity Fabric: 800 GB/s

Nvidia NVLink & NVSwitch: 900 GB/s
Intel Xe Link: 720 GB/s

Leaf Swi

Off-Socket Link Bandwidth
InfiniBand: 400 Gb/s

Projected 800 Gb/s near future /\

Pluggable optical, ~400 Gb/s

Compute Sockets

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

ﬁ / s ol . . g ﬁ e % ‘ \I\IJN_I‘\ ¥ Y
\ Mid-Atlantic pennsStatel (D lbl-[.\\\‘\ldv
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Advanced Packaging

S5

Global Navigation Satellite System e

[}
The typical positional accuracy provided by standalone GNSS is 3 to 10 meters, which is suitable for automotive EMERGING APPLICATIONS I
applications such as navigation and emergency call. With the emergence of high precision GNSS, able to
mitigate the influence of errors, sub-decimeter positional accuracy is possible and it becomes usable for more 1 <
advanced applications such as C-V2X and autonomous driving. Naturally, to be applicable for these 7 | l

safety-critical applications, other preconditions such as availability and data integrity must also be met.
e Sensitivity/stability augmentation through
Integrated Quantum Sensors

CURRENT APPLICATIONS

7

Fellular network to

individual vehicle

Transmission via
dedicated internet
connection, i.e. 5G/LTE

SEMICONDUCTOR HUB
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Workforce Development

y Workforce Development
)\. 6 O M e
- . ﬁa.. « Digital twins for advancing
' semiconductor processes
o > : * Materials and materials integration
- - A

reS|dentS « 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

2.4M

undergraduates

OM

K12 students

Workforce development across the USA

M 'S 1 vioavanic (eepe
SEMICONDUCTOR HUB e -



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

Social mobility

O Team Lead $48K
Manager $102K Pre-Apprenticeshin .
e R Erginesr SS7K
O % “:h'“"”'”“u
23 .
Supervisor $67K % Mgfntgnapce Worker $38K
Apprenticeship plus % Pre-Apprentice 0“'\\',5
()

Plastics Process
Technician $34K
Pre-Apprenticeship plus

@ Founding University Partners
@ Community/Technical Colleges
@ HBCUs/MSlIs
@ Public/Private Colleges & Universities
@ Tribal Colleges

) Industry Partner Presence

=

SOURCE:onetonline.org

NE' s Mid-Atlantic
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MASH and the CHIPS Act

CH I PSIklt‘ AMERICA

A VISION AND STRATEGY |
FOR THE NATIONAL
SEMICONDUCTOR
TECHNOLOGY CENTER

CHIPS Research and Development Office
Aget 25,2023

Investment

Private
sector

o LB Sy
Ve A S
( Manufacturing

USA

Federal science programs \ -

CHIPS for AMERICA

Stages of Innovation

The Vision for the
National Advanced
Packaging Manufacturing
Program

CHIPS

for AMERICA

CHIPS Resaarch and Developaent Office
November 20, 2023 NIST

Figure 3. A conceptual diagram of the stages of innovation for a new chip design across various government
programs. (Note that the Commons Cores are not displayed. Shading is not to scale of investment.)

ATET DD
S NRCANNN
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University
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National Advance Packaging Manufacturing Program

CHIPSforAMERICA NAPMP VISION PAPER

Technology investments are in green. Ecosystem investments are in blue. The piloting facility, in red,
will provide opportunities to validate new technologies for transition to U.S. manufacturing.

Carnegie
Mellon
University

M'S  vidatantic &
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National Advance Packaging Manufacturing Program

Advanced Packaging

Webinar Information Session March 1, 2024

NOTICE OF FUNDING OPPORTUNITY (NOFO) Proposers Day March 12, 2024

Concept Papers Due April 12, 2024

National Advanced Packaging Manufacturing Program (NAPMP) Materials & Substrates

Invited Full Applications Due July 3, 2024

Executive Summary

Federal Agency Name: National Institute of Standards and Technology (NIST), United
States Department of Commerce (DOC)

Funding Opportunity Title: FY2024 CHIPS R&D National Advanced Packaging
Manufacturing Program (NAPMP) Materials & Substrates

Announcement Type: Initial
Funding Opportunity Number: 2024-NIST-CHIPS-NAPMP-01
Assistance Listing Number(s): 11.042 - CHIPS R&D

Funding Opportunity Description: This NOFO seeks applications for research and
development activities that will establish and accelerate domestic capacity for advanced
packaging substrates and substrate materials. Through this NOFO, the NAPMP program
seeks to achieve the following objectives:

(1) Accelerate domestic R&D and innovation in advanced packaging materials and
substrates;

(2) Translate domestic materials and substrate innovation into U.S. manufacturing,
such that these technologies are available to U.S. manufacturers and customers,
including to significantly benefit U.S. economic and national security;

(3) Support the establishment of a robust, sustainable, domestic capacity for advanced
packaging materials and substrate R&D, prototyping, commercialization, and
manufacturing; and

(4) Promote a skilled and diverse pipeline of workers for a sustainable domestic
advanced packaging industry.

Carnegie
Mellon
University,

NE' s Mid-Atlantic A %
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Table 2: CHIPS R&D-specified Technical Targets

Technical Target
Category

CHIPS R&D-specified Technical Targets

P S

TA1
(Organic)

TA2 \
(Glass) |

TA3
(Semiconductor-Based)

1. Minimum Line
Width, Spacing, and
Pitch

1 pum line width, 1 um
line spacing, 2 pm pitch

0.5 um line width, 0.5 |
pm line spacing, 1 um |
pitch

— e e —

0.25 pm line width, 0.25
pm line spacing, 0.5 um
pitch

2. Coplanarity at Die
Attach (Bonding
Area)

Below 0.5 um over dielet
area, where dielet area
can vary between 1 mm
X1 mmto1l0 mmx 10
mm

Below 0.5 um over dielet
area, where dielet area
can vary between 1 mm
X1 mmto 10 mmx 10
mm

Below 0.5 um over dielet
area, where dielet area
can vary between 1 mm
X1 mmtol0mmx10
mm

3. Interlevel via
diameter

1pm

0.5 um

0.25 um

4. Through substrate
via diameter

Less than 100 pm

Less than 100 um

Less than 100 pm

5. Max wire thickness

Equal to wiring pitch

Equal to wiring pitch

Equal to wiring pitch

Max number of
Layers (hierarchical)

10+10 (side 1 + side 2),
or 15 single sided for Fan
Out wafer level
packaging

10+10
(side 1 + side 2)

15+15
(side 1 + side 2)

[NIVERSITYcr '§
EIAWARE




Glass substrate (MAESTRO Roadmap)

[ Substrate : 100um thickness

Afer driling
Top
side
Botiom
side

U Glass core substrates: Surface
roughness, CTE, modulus,

0,

1 gass wih TPV (@60um, 150um pich) |
| Primer - Sum ABF GX32P. via filled condition lamination

Cross Section View (After E-dess)

B Cc

I

moisture absorption like Sibut O  10um/20um pitch
dielectric insulator and large through core vias
area (500mm) to reduce cost. with 20:1 aspect ratio

®

E ; Scalable Antenna Array bbb End User
e .. 1406Hz = =290 SGR R8O Gtz — EDA Optimization
gu Substrate
§ o, omomon —mcowwm < i I BB sssss | NS SR O Bl = Assembly & Test
e B 3/2=1.1mm  2/2=0.7mm 7/2=0.54mm l i:[ - L-H_ l —-— KDL PlaveE Equipment Manf.
T o e e Glass = Materials
Q LowDk (3.0), Low Df(104) QO Antenna in Package O Through & Blind Cavities 0O  Thermal Insulator O  Supply Chain Eco-
dielectrics; 5-100 um thick O Patch/Slot antennas d  CMOS/InP 75-150um die (TW/mK) system needs to
O Air Dielectrics O Base station / Handset thickness O Thermal come together
0 <1dBloss Mgmt (>400W/mK)
m & s R ‘:\54*(93&? 5 : %
M'S | vigatanic e s e\ =5
SEMICONDUCTOR HUB . » P oS NN el
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4. 5a0 [ 5. Organic 6. Olract
Damascene

/
1. Printing 2. Subtractive’ 3. mSAP

on glass

— - E
N

1

metallizationy

- Conductive Trench & Cu
plating

Moditied- Sead Layer
Screen or Priat & Erch SAP w/thin || & Pattern - Overburden
L VAN S Cutot )\ Plating I\ cameval N\ ____J
US~28um US ~20um S ~ 15 um US ~ 38 um US ~285um New
C Y low Verscal n
Chesp Low cost shape development

d  10um L/S (mmWave)

4 8+ Metal Layers

0 1um L/S with good adhesion
(mixed signal)

9,

Interconnection length (um)
380 Therrree erpres s Bondn e -
Mons Refiw — —: [
- _ a—— <
— <
€ » Sx
8 Coup a>-Sudatrame (1% g
> e — 109 i
s — "
§ == - L w 3
° ) —_— o
— Flp<hvg berding lechnsloges
- - - BECK e
5 VO pitch (m)

Q 35um C2S (mmWave)

O <10um assembly pitch C2S
(mixed signal)

O No cracking or delamination

®




Manufacturing USA Semiconductor Institute

Vision
Enable seamless integration of D|g|ta| TW|n Institute ApproaCh

digital twin models into the U.S.

semiconductor manufacturing, : = - - CHIPS
advanced packaging, and g A physical 1 Establish a shared physical facility 2 Competitively fund industry-led technical PERVERICA
Blvandisin g bli facility and and workforce development projects
assembly industries, enablin iqi -
: £l ) Ping digital Expected activities: Deliver technical Develop and test
rapid adoption of innovations and framework, - Baseline facility testbed Soltiions, o Tisk e A R
enhancing domestic integrated : gg';at'eec'h“:::gfg ggggt?;gs e = to<il(sj, ?nd b?:;jvslogrn_etznltt'(‘l(‘)llpls
competitiveness for decades. with industry- g‘r’,’;[y‘;fs B P e
led research
projects

Mission

Foster a collaborative
environment within the domestic
semiconductor industry, enabled
by the world’s first shared
semiconductor Digital Twin Digital framework for B - 4 Create a shared
process validation facility, interoperable data and (A marketplace of
industry-relevant research models <L : digital twin models
projects, and digital-twin e '
supported workforce training.

M s Mid-Atlantic
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Manufacturing USA Semiconductor Institute

q E
]
'
Industries w

s

MASH Manufacturing Institute

Foundry

e

Ac

ademia \

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

GURSIT
N ren o
. NIVERSITY o
i ) S EIAWARE
A

Industrial facilities and resources for precompetitive collaborations
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MASH working groups

Workforce development

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

« Digital Twins and Al

Advanced Packaging
> MAPT
- CHIPS
- 5G/6G Maestro (iINEMI)

M S i atantic - &
SEMICONDUCTOR HUB G (5

More than 450
participants from industry
and academia

Contact:

Madhavan Swaminathan
Daniel Lopez

Urmi Ray




The people behind MASH
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PennState

& Penn

Carnegie
Mellon
University

EnNYu

Daniel Lopez

Osama Awaldelkarim

Shannon Munro

Mark Threeton

Priya Baboo

Mark Allen

Gerald Lopez

Gianluca Piazza

Matthew Moneck

Nina Gray

Kurt Becker

M. S - vid atantic

SEMICONDUCTOR HUB

Liang Professor of Electrical Engineering

Director, Nanofabrication Lab,
Materials Research Institute
UNESCO Chair Professor

Director, Center for Nanotechnology
Education and Utilization

Vice President for Workforce Development

Pennsylvania College of Technology

Professor of Education,
Associate Director of PPDC

Senior Director of Corporate and Industry

Engagement, College of Engineering

Scientific Director,
Singh Center for Nanotechnology

Director, Business Development
Singh Center for Nanotechnology

Professor,
Electrical and Computer Engineering

Executive Director,
Nanofabrication Facility

Assistant Vice Provost for Research

Vice Dean for Research,
Innovation and Entrepreneurship

Carnegie
Mellon
University,

NIVERSITY e
EIAWARE

PRINCETON
UNIVERSITY

BOSTON

UNIVERSITY

PN COLUMBIA
O UNIVERSITY

S MARYLAND

UNIVERSITY
DISTRICT OF
COLUMBIA

1851

Jamie Philips

Alex Norman

Barry Rand

Richard Register

David Bishop

Alice White

James Hone

Samar Kaukab

Pamela Abshire

Ankur Srivastava

Pawan Tyagi

Chair, Department of Electrical
and Computer Engineering

Executive Director
Princeton Materials Institute

Associate Professor of
Electrical and Computer Engineering

Director, Materials Institute

Head of the Division of Materials
Science & Engineering

Professor and Chair,
Mechanical Engineering

Chair, Department of
Mechanical Engineering

Director of Strategic
Research Development

Professor, Electrical and
Computer Engineering

Professor & Director
Institute for Systems Research

Professor of Mechanical Engineering &
Director of ME Graduate Program

Madhavan Swaminathan




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)

M'S 1 vig-atantc
SEMICONDUCTOR HUB s




Daniel Lopez

Liang Professor of EE
Director Nanofabrication Lab
Materials Research Institute

Penn State University

dlopez@psu.edu

mash-semiconductors.org

R ¥
Jarnegie
4 " Mellon
y/ (@ nivel

MS

Mid-Atlantic
SEMICONDUCTOR HUB

YOU

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

INTERNATIONAL CONFERENCE
& EXHIBITION ON

DEVICE
PACKAGING

FORT McDOWELL, AZ
WWW.DEVICEPACKAGING.ORG



MASH brochure
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Jennifer McCann

Kimberly Brue

Lee Ozier

Laura Snyder

Joseph Tirella

Tracey Bryant

Steven Schultz

Rachel Lapal Cavallario

Michele Hoos

Institute for Systems

Research

Leeaan Hall

Andrea Williams

NE' s Mid-Atlantic

SEMICONDUCTOR HUB

Marketing Director, Materials Research Institute

MASH Communications Manager

Assistant Vice President
Research Communications

Program Coordinator
Singh Center for Nanotechnology

Senior Director of
Research Communications

Senior Director of
Executive Communications

Senior Director for
Research Communications

Director of
Engineering Communications

Associate VP,
Public Relations

Executive Director of Communications,
Engineering

Resources for the Media
Vice President for
Marketing & Communications

Assistant Vice President for
Marketing & Communications

Carnegie
Mellon
University,

T 3f

WHAT IS MASH

FOUNDING UNIVERSITIES

PennState

CONTENTS
3 MASH Mission & Scope
" Overview of our goals, activities, and focus
4 Technology Readiness Levels
] A detaded infographic showing areas of

strength within TRLs and how it aligns with 3
Manufacturing USA Institute’s target
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B Facilities Expertise
21 MASH Key Contacts & Roles

24 Getinvolved

MASH Mission & Scope
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