
3/8/2023

1

Heterogeneous Integration Roadmap

Integrated Power Electronics (IPE)
Chapter 10

Doug Hopkins
North Carolina State University

DCHopkins@ncsu.edu

Patrick McCluskey
University of Maryland

mcclupa@umd.edu

Co-Chairs

Chapter 10 
Outline

2



3/8/2023

2

Doug Hopkins
North Carolina State 

University
DCHopkins@ncsu.edu

Patrick McClusky
University of 

Maryland
mcclupa@umd.edu

Cian Ó Mathúna
Tyndall National 

Institute
cian.omathuna@

tyndall.ie

Bob Conner
X-Celeprint

bconner@finwavese
mi.com

Ray Fillion
Fillion Consulting

fillion.consulting@
gmail.com

PM Raj
Florida International 

University
mpulugur@

fiu.edu

Tzu Hsuan Cheng
North Carolina State 

University
tcheng8@ncsu.edu

Co-Chairs

Francesco 
Carobolante

IoTissimo
francesco@

iotissimo.com

Brian Zahnstecher
PowerRox

bz@
powerrox.com

Michael Hayes
Tyndall National 

Institute
michael.hayes@

tyndall.ie

Thomas Becker
Thobecore Consulting 

& Research
dr.thomas.becker@ou

tlook.de

Maeve Duffy
National University of 

Ireland, Galway
maeve.duffy@nuigal

way.ie

3

Chapter 10 Contributors

Graphic Description of Chapter Contents

4



3/8/2023

3

Integration with Load and/or Interposer

5

HI of III-V chips and other processes via 
Micro-Transfer Printing (µTP)
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Example using advanced Glass Substrate
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In HPC, Signal Interconnect Requirements 
Are at Odds with Power Integrity
• In the substrate, Signal and Power paths are orthogonal both in 

direction and requirements

Power can only travel in 
the Z direction to minimize 
losses  two different 
interconnect paradigms
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IVR Requirements

Source:  K. Radhakrishnan, Challenges and Innovations in Microprocessor Power Delivery, IEEE Electronics Packaging Society Silicon Valley Area Chapter webinar, June 22, 2002.

Reduce routing loss

Additional requirements
Facilitates use in SiPs & SAP
• Modular building blocks 
• Minimal z-height 
• Known good “die” (KGD)

Tested / binned prior to integration in SiP
• Low cost
• High reliability
• Ultra low thermal resistance

Minimize power loss

Shrink passives
Increase transient responseSource:  K. Radhakrishnan

SAP: Stand Alone Power

IPEC

Compound Semicond.
+ PwrICs + Passives

Tested Known Good Die (KGD)

Passives
Inductors, capacitors

Packaging

2D

2DS inactive silicon-based

2DO organic-based

Embedded/Stacked 
PCB

Highly Integrated PCB

Heterogeneous PCB

Multiple 
architectures

OSATs
Backend Foundries

Heterogeneous Power 
Integration Foundries

(HPIF)*

* HPIF Concept: National network of flexible-packaging foundries with Pwr Pkg PDKs (P3DKs)

Wafer Fab
Compound Semicond.

Planar Power GaN
SiC Vertical Power SiC

IPEC Integration

Silicon ICs
Gate Drivers, Controllers

Power ICs
Planar GaN
Power ASIC

Planar Ctrl w/ Vert Pwr
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A sub-group of HIR Chapter 10 has 
engaged in projects funded by CHIPS Act
• DARPA NGMM Phase 0 Proposal has bee accepted: 

• “Requirements for a 3DHI Power Microsystem (3DHIP) and Manufacturing 
Center”

• Participation to Manufacturing USA “Semiconductor Institute” RFI
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Focus on Section IV for 2023 update:
Energy Harvesting
• Challenges:

• Multi-science simulation requirements (electrical, packaging, etc.)

• Flexible, conformal components, substrates and packaging

• Materials for Biodegradable Sensors
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Potential for Cross TWGs Collaborations 

• Energy efficiency is job one for all products, both to improve 
performance and to satisfy the sustainability objectives.

• Power management is a critical aspects of all applications, thus 
relevant collaboration can be established with many HIR Chapters.

• Closer integration with the IEEE EPS Power and Energy Technical 
Committee is ongoing.
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