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Accelerating Technology Transition Through Cross Disciplinary Teams
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Penn State Ecosystem for Advance Packaging and Heterogenous Integration
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Penn State Ecosystem for Advance Packaging and Heterogenous Integration
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Cross-Disciplinary Research. Enabling Next-Generation Electronic Systems.
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Examples of Current Programs at Penn State
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HI-PEX: Hybrid AM Workflow for
Conformal Electronic
Manufacturing

Automate component placement, routing,
toolpath generation, and multi-tool printing
to rebuild complex electronic structures
maximizing space utilization.

Key Benefit : Provides a strategic pathway
for rapid adoption and production in
high-mix/low-volume environments and
access to bespoke systems
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Low-Loss RF Glass: Engineered
Substrates for High-Frequency
Packaging

Develop silica-rich, low-modifier glass
compositions that minimize ionic motion and
dielectric loss for GHz-THz communications
and sensing.

Key Benefit: Enables high-performance RF
and advanced packaging through stable,
low-loss, laser-processable glass
substrates.
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: Rapid
Additive Workflow for RF
Design Evaluation

Simulation-driven additive manufacturing to
quickly prototype and test antenna designs,
materials, and processes.

Key Benefit: Dramatically shortens
development cycles through fast, iterative
build-and-measure workflows.
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Thermal processing &l

AM of Ceramics and Functional
Composites

Advances additive manufacturing of
high-performance ceramic and composite
materials development of optimized and
engineered inks.

Key Benefit: Enables rapid,
application-specific development of
advanced material systems with tailored
thermal, magnetic, and structural
performance.



HI-PEX: Hybrid AIM Workflow for Conformal Electronic Manufacturing

i o o] Technical Challenges: )
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Low-Loss RF Glass: Engineered Substrates for Hiah-Freauency Packaging

Why Glass = Superior Electrical Properties PTRUCTL AL
J . . F ) t PROPERTIES The role of modifiers on PACKAGING AND DEVICES
* Low dielectric constant reduces signal loss and Broadband dielectric electric field driven ionic Glass substrates with dense
improves high-frequency performance response over the motion of silicates transmission lines with low
* Excellent electrical insulation minimizes crosstalk electromagnetic spectrum signal loss
between densely packed components - @-
ipolar .
Challenge oo
e Current glasses are not optimized for dielectric loss ®\eo

and not ideal for high frequencies applications
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* Develop a low loss glass for applications in the GHz-
THz range to be processed below 1650 C
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Antenna Prototyping: Rapid Additive Workflow for RF Design Evaluation

—_

Motivation = Implement process to design and evaluate antenna designs Enabling technology
e Design toolchain to move from model to print

* Access to various processes for prototype build
* Ability to quickly test RF performance

* Evaluate design, processes and materials in parallel —
* Consider integration and field performance early in process

»
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AM of Ceramics and Functional Composites

Approach: Leverage diversified materials processing
toolset to modernize and develop advanced
manufacturing techniques providing broad-reach,
innovative technical solutions

* Novel Materials and Inks: Development of processing
routes and inks for functional ceramic materials.

* Multiple Materials: Printing of meta-materials for targeted
functionality and/or sensing.

* Integrate structural and functional components : Leverage
multiple additive and subtractive process to define route to
functional devices and sensors.
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Challenges to address

—F

Sub-volume 3

'l  Sub-voiure 2 ¢
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N
Tool accessibility for an FDM toal (sub-volume 2)

A 7 “S;hvolwe 1
Materials Feature Size and Surface Multi-Material Integration & Digital Design Tool and
« Greater consistency in material properties Roughness el'a?'l'tyb diesim . Workflows
and post-processing outcomes is essential « Current feature limits and surface * Interfaces between dissimilar materials Today'
) . . . . . y's tools lack seamless support
' high-density performance. ' within complex 3D geometries.
* Reliable materials data will help qualify AME . Rgducing royurg)Jhness and tightening stress. ' ' S T —— zfutoriati%n and
for d.emand?ng applications a.h.d build dimensional control will directly improve ) Demotni;clratlr}.g E)(.)Ilius't bo.?.dlrl]? e verification workflows are needed to
confidence in long-term stability., conductor loss and signal integrity. repeatable renability 15 critical for accurately predict performance in

adoption in mission-critical systems. multi-material, fully 3D designs.

PATH TO Success:

_élﬁ_ Targeted Applications Maximize Value 0 cross disciplinary collaboration
Q‘ﬂ Focused on high-impact challenges Identify opportunities where AME eo ‘ Leverage expertise across materials,
| where AME offers clear performance delivers unique benefits rather than \e design, RF, thermal, and manufacturing to
or integration advantages. matching existing manufacturing accelerate innovation.

methods..



Advanced design tools

* Access to multiphysics-aware CAD and eCAD tools accelerates design
cycles.

* Process-aware workflows support faster iterate-test-learn development.

Materials and system reliability data

* Increasing real-world cases and test data will build confidence in AME
performance.

+ Reliable materials and system-level results will help validate durability,
stability, and long-term operation.

Cross Functional Teams

* Tight integration across materials, RF, thermal, reliability, and
manufacturing enables rapid coordinated solutions..

Rapid Prototyping

* Agile prototyping accelerates design evaluation and reduces early-stage
risk.

+ Fast pivoting between concepts, materials, and architectures keeps
development aligned with mission needs.

Looking Forwarded

AM to target challenges

* Non-planar, embedded, and multi-material structures expand what is possible in
advanced packaging.

AM supports chiplets, 2.5D/3D architectures, improved thermal routing, and
conformal RF features.

Where Additive Manufacturing Can
Make an Impact Future Needs

+ Standards, metrology, and PDKs will improve repeatability and reliability.
* Expanded materials libraries and integrated co-design tools will enable electrical,
mechanical, thermal, and RF optimization.
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