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250+ Companies, 20+ Countries
▪ 115 pg. report. Data rich situation analysis

▪ Influenced U.S. & EU policy, incentives 
programs, public-private investment

▪ Dept Comm, Defense, NIST, NSC, IBAS

▪ EU Commission, Member State Parliaments

▪ Need Advanced Packaging Ecosystem
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“Advanced Packaging is the New King”
Todd Younkin President & CEO
Semiconductor Research Corporation
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Semiconductor Market Outlook

Source: AT&S October 2022
IPC Advanced Packaging Symposium, Washington, DC
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August 2021

https://www.youtube.com/watch?v=TRBgBbvYiQw
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Future Trend: Gap Between Wafer Fab and System-Level Narrows
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▪ Advancing the state-of-the-art requires greater cooperation across the ecosystem
→ IC design/fabrication, substrate, packaging, and system-level assembly

Image:  Fraunhofer IZM



Source: Bloomberg

Scaling - transistor size reductions continue 
→ 2nm (2025), 1.4nm (2027), GAA transistors

Node reductions alone not sufficient anymore
→ Chiplets and Heterogeneous Integration

Silicon advances driving new packaging structures
→ large variety of 3D packaging solutions coming

Research Focus
→ 3D packaging, materials thinning, energy efficiency

Semiconductor IP, design – North America, Europe
Substrates, packaging assembly, bumping – Asia
→ Capability, capacity balancing needed              

North America and Europe

Moore’s Law Challenges

12



13

▪ Significant, Disruptive Change already in progress – continue Moore’s law trajectory
▪ Monolithic silicon → Chiplet architectures
▪ Miniaturization, functionality density, speed, performance
▪ Compute + memory + accelerators + storage → single package, many benefits

Chiplets, Heterogeneous Integration

Apple M1 ultra chip April 2022
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Global Semiconductor Supply Chain

▪ Last 20 years – migration to low cost geos – labor, OpEx, margins
▪ Result today – unbalanced, many risks, NA and Europe lack fundamental capabilities
▪ → Need to rebalance: Regional + Global supply chain model
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Global Advanced Packaging Capabilities

▪ Virtually no substrate or pkg assembly capability in North America or Europe



> Many years ago, U.S. PCB makers decided not to invest in IC package substrate production

▪ Endicott Interconnect had some capability in U.S. but unique material set (sold to TTM)

> Almost no capability in the U.S. to produce the most advanced IC substrates using build-up film to 
support high-density
▪ Substrate supplies concentrated in Japan, Taiwan, S. Korea, and a few in China
▪ Some capacity in Philippines and Vietnam, planned for Malaysia
▪ A few small suppliers located in U.S. but not with capability to support existing high-performance computing 

customers such as (Intel, AMD, Cisco, Broadcom, etc.)

> Advanced IC substrate requires state-of-the-art know-how, equipment, materials, and processes

▪ Most equipment and material suppliers located in Japan, rest of Asia, a little in Europe

> OK to use global supply chain, but…

> Adding domestic semiconductor fab/foundries without a domestic IC-substrate supply and OSAT 
assembly will lengthen the supply chain, not shorten it
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U.S. Has Not Made Major Investments in Build-up Substrates 
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Expectations → 20yr issue, fix in 5? Really?
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▪ Primary focus - microelectronics silicon (NSTC)

> Minimal focus on microelectronics substrates or packaging assembly (NAPMP/MIIs)

> HDI, uHDI PCB not a focus | advanced uPCBA not a focus

▪ Minimal focus on power electronics

> SiC, GaN WBG semiconductors main interest

> Low/mid-power organic substrates or high-power ceramic substrates not a focus

> 3D power packaging design and assembly development not a focus

▪ Wider focus needed, not just silicon – enable final systems

> Microelectronics & power critical elements – Substrates, packaging assembly, uHDI PCB, uPCBA

Industry Response to Pending CHIPS Appropriations

US CHIPS Act
Microelectronics & Power electronics
RFPs expected May/June 2023
$52B – majority semiconductor focused
EU CHIPS Act
Finalizing language/provisions
May/June expected release



> Silicon Interposers

▪ Xilinx (many FPGA products) started in 2012, AMD shipped in 2015 
(GPU + HBM), NVIDIA (GPU + HBM), Google, Baidu, Broadcom, etc.

> Fan-Out on Substrate

▪ Chip first (in production since 2016 at ASE) and chip last solutions

▪ In production for network switch at TSMC with InFO-R  (since 2018)

▪ Amkor Substrate-SWIFT®, SPIL Fan-Out Embedded Bridge, TFME

> Embedded bridge Intel, IBM, SPIL, TSMC, and others

▪ Intel’s EMIB silicon bridge in an laminate substrate, embedded by 
substrate supplier (Intel Stratix 10 for AI accelerator)

▪ Amkor, ASE, IBM, JCET, SPIL, TSMC offerings

> RDL Interposers Samsung R-Cube™ and others

▪ Extend to finer feature (2µm L/S) switch to fab-like process

> 3D stacking

▪ AMD’s 3D V-Cache™, Intel’s Foveros, Samsung’s X-Cube
Source: TechSearch International Inc.

Many Different Packaging Options:  All Use Build-up Substrates 

Source: NVIDIA

Source: TechInsights

Source: AMD
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Microelectronic Substrates Roadmap

▪ No advanced substrate capability in US; Europe only in slightly better position

▪ R&D – L/S, layers, embedded elements, new build-up materials, alt cores

▪ Chiplet architectures + advanced substrates → unlocks new design capabilities

21Source: ASIC
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Data: H.Phillips, Northrop Grumman, October 2022
IPC Advanced Packaging Symposium, Washington, DC



Data: R.Bae, Samsung-SEMCO, October 2022
IPC Advanced Packaging Symposium, Washington, DC
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Data: R.Bae, Samsung-SEMCO, October 2022
IPC Advanced Packaging Symposium, Washington, DC
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3D Power Packaging Similarities

▪ HI/chiplets → disruptive changes

▪ Common SiP approaches

▪ Performance, efficiency, density, cost

▪ Advanced Packaging focus lacking
needs more attention/funding

▪ Substrates – similarities

> Embedded actives/passives

> Substrate build-up design, material, 
innovation, and reliability challenges

▪ NA / EU substrate capability and 
capacity needed

▪ Speed of development limited by 
regional substrate capability/supply Source: PSMA 3D Power Packaging Phase III Report
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Summary

▪ Period of significant disruption

▪ Ecosystem approach needed beyond semiconductors

▪ ‘Advanced packaging is the new king’ beyond silicon scaling

▪ Need to rebalance → Regional + Global supply chain model

▪ Catch-up vs. leapfrog

▪ Future speed of innovation enabled by full ecosystem

▪ Significant need for improved substrate capability & capacity in NA and EU

▪ Many similarities b/t microelectronic and 3D power substrates – embedded technologies

▪ IPC Advanced Packaging Leadership Council (APL)

> Scope: Microelectronics + Power Electronics

▪ Substrates, uHDI, uPCBA

▪ Narrowing gap – 1st level packaging and system-level assembly
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While North America and Europe are talking, Asia is doing – gap is getting bigger every quarter
▪ If chips only focus, then extending the supply chain not shortening it
▪ Substrates and Packaging Assembly are critical. Not just Silicon.

US lacks build-up substrate capability, adv pkg assembly capacity – Manufacturing Matters
▪ Near term – business issues to enable state-of-the-practice (capacity)
▪ Longer term – overcome technology issues, R&D

Change mindset – fail fast, iterate, learn, increased rate and pace needed

Call to Action



We must all be advancing – ‘Silicon to Systems’ approach
If we are going to build sustainable, regional/global advanced packaging and system assembly ecosystems 
– we need Governments, Commercial Industry, Academia to continue collaborating, developing, executing.

Collaborate – Modernize – Transform

Matt Kelly, P.Eng, MBA
CTO & VP Technology Solutions IPC
mattkelly@ipc.org | (905) 399-2199

Thank you. Questions?
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mailto:mattkelly@ipc.org
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