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Abstract

The power-hungry AI (Artificial Intelligence) and ML (Machine Learning) chips create new and 

unique Power Integrity (PI) challenges, which cannot be solved by traditional tools, materials and 

technologies. The kA current consumption together with the continued growth of the number of 

independent power supply rails requires multiple power planes in printed circuit boards (PCBs), 

which many times increases the total thickness to unmanageable levels and can cause 

Electromagnetic Compatibility (EMC) issues. Similarly, validation of the PDN becomes very 

challenging, since the equivalent power distribution network (PDN) impedance drops to tens of 

microohms, rendering the traditional PDN validation methods, whether attempted in the frequency 

or time domain, useless. This talk will illustrate and explain these challenges and will look at some 

of the possible solutions.
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Outline
• Introduction: a personal history with EMC
• The Context: EMC vs. SI/PI 
• Functions of PDN 
• A Brief History of PDN 
• Current PI Components and Technologies
• The Evolving Challenge
• The paradigm shift 
• EMC Impact of PDN Noise on SerDes Signals
• Challenge: Increased Dynamic Range
• Potential solutions

• Vertical PDN
• HDI, thin laminates
• Improved PDN impedance measurements and simulations
• Open-source projects

• Summary
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Introduction 
A personal history with EMC

“Why We Love (and Hate) DC-DC Converters?,” 
CDNLive, Burlington, MA, August 2016

“Bypass Capacitor Requirements for Server Applications,” 
Kemet Technology Forum, May 2007

Mihaly Narancsik, “History of radio monitoring station 
at Tarnok, 1924-2024“.  Original: “Tárnok vevő és 
mérőállomás története a kezdetektől napjainkig
1924-2024,” 2024, in Hungarian

AM broadcasting interference 
measurements, late 1970s

“Reducing EMI Noise by Suppressing Power-
Distribution Resonances,” Ansys EMI meeting, 
August 2007, Boston, MA

In-system interference, late 2000s



Samtec Confidential
IEEE EMC Society Boston Chapter EMI/EMC Summit 2025, September 24, 2025

The Context: EMC vs. SI/PI 

• In a traditional view, the three disciplines are applied independently

• SI: 1D wave propagation effects

– Reflections, termination, crosstalk

• PI: 2D and 2.5D wave propagation effects

• Plane resonances, SSN due to via inductance

• EMI: 3D wave propagation effects

• EM interaction through distance (out-of system or unknown source and/or 

victim)
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Functions of PDN 

• Providing clean power to electronics (PI)

– Key: proper impedance profile

• Provide solid return path for signals (optional), (SI)

– Key: proper stackup

• Keep radiation and immunity from PDN within spec’d limits (EMI)

– Key: resonance-free PDN structure

Impedance magnitude [ohm]

Frequency [Hz]
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A Brief History of PDN 

1970s:
DTL logic board, no bypass capacitors

2010s:
Oracle/SUN T8/M8 CPU module

637 bypass capacitors

“The Future of Power Integrity Through the Eyes of Experience,” DesignCon 2023
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Current PI Components and Technologies
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The Evolving Challenge 

“Mid-Frequency Noise Coupling between DC-DC 
Converters and High-Speed Signals,” DesignCon 2017

In-system PCI-E interference from 
DC-DC converter, late 2010s In-system DC-DC to SerDes interference, 2020s

“SerDes CM Noise: How Much is Too Much?,”
gEEk spEEk, Samtec, May 2023

Substrate size:
Up to 100mm X 100mm

“The Future of Power Integrity Through the Eyes 
of Experience,” DesignCon 2023

8xSerDes cable 
assemblies
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The Paradigm Shift

• Paradigm Shift #1: late 1990s
o Requirements to measure milliohms
o Frequency domain design and verification
o Horizontal incremental impedance was relatively small
o 3D interactions in PI measurements were small
o Solution: VNA with Two-port Shunt-through connection
o Frequency and time-domain verifications lined up

• Paradigm Shift #2: early 2020s
o Requirements to measure microohms
o 3D interactions in PI measurements become dominant
o Horizontal incremental impedance becomes relatively high
o Increasing gap between frequency and time-domain 

verification results
o Solution: ???

Cadence Live Boston, September 12, 2023 From: Is Power Integrity the New Black Magic?
Cadence Design Forum, April 2021
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EMC Impact of PDN Noise on SerDes Signals

“SerDes CM Noise: How Much is Too Much?,” gEEk spEEk, Samtec, May 2023
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Challenge: Increased Dynamic Range
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The Source of the Challenge

14

Sound sources (noise)
Examples with distance

Sound pressure level dB

Threshold of discomfort 120

Airport 110

Underground train 100

Diesel truck, 10m 90

Curbside of busy road, 5m 80

Vacuum cleaner, 1m 70

Conversational speech, 1m 60

Average home 50

Quiet library 40

Quiet bedroom at night 30

Broadcast studio background 20

Ratio of signaling power 
to total noise power

1µW:
10mV 100 

Ohms

100W:
5% of 2kW DC

“Model Accuracy and Use Considerations,” DesignCon 2018
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Potential Solutions: Improved Laminates
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Potential Solutions: Improved PDN Design/Validation
 VNA:  1Hz IFBW
 0dBm source power
 No averaging
 SOLT calibration (including Isolation)
 20dB 20dBm power booster on Port1
 20dB low-noise pre-amplifier on Port2

1.00E-07

1.00E-06

1.00E-05

1.00E-04

1.00E-03

1E+2 1E+3 1E+4 1E+5 1E+6
Frequency [Hz]

Impedance magnitude [Ohm]

SHORT-SHORT-THRU 1.4uOhm 3.7uOhm 9.5uOhm 16uOhm
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Summary, Conclusions

• Paradigm shift in PDN creates new EMC challenges

• The primary new EMC challenge: increased in-system interference

• Solution requires parallel effort in

• PDN system design

• Technologies

• Design and validations
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