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Horrible EMC Design Advice You Can Find on the Internet
(and in Print)

Todd H. Hubing
Professor Emeritus
Clemson University
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Learn to Recognize Bad Design Advice 

Bad Layout Advice Bad Layout AdviceBad Grounding Advice

Bad Information Bad Converter Layout

2021

20222022

Noisy digital/analog ground

Quiet I/O ground

High-speed
components

Medium-speed
components

2023

2023

Bad Converter Stackup

2023
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Why is this happening?

 Companies are highly motivated to show up in web 
searches.

 Very little motivation to publish information that is 
accurate or relevant.

 No motivation to remove information that is dated or 
incorrect.
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Why does this matter?

 It’s costing companies time and money.

 It’s reducing the reliability of electronic products.

 It makes people doubt that anyone really knows how to design a compliant product.

 It encourages a build-test-fix design mentality.
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What can be done about it?

 Encourage the distribution of correct and relevant information.

 Promote discussion. Point out that the Emperor has no clothes.
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Ground
and

Current Return
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Things Labeled Ground

 Safety / Lightning Protection Conductors

 EMC Ground Structures

 Power and Signal Current Returns

Current return is generally incompatible with grounding!!!
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IEC 60417 Ground and Current Return Symbols

Earth
Ground

Noiseless
Earth

Ground

Protective
Earth

Ground

Frame
or Chassis

Ground

Current
Return
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Where is the Circuit Board Ground?

RTN

PCB in product with no ground structure

PCB EMC Ground
(zero-volt reference)

RTN

PCB mounted near the ground structure

PCB EMC Ground
(zero-volt reference)
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PCB ground cannot be at a different 
potential than the ground structure.
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Quantifying Common-Impedance Coupling

Maximum common impedance coupling is easy to quantify!

 Perform this calculation when you suspect conducted coupling will be an issue.

 ALWAYS perform this calculation before isolating signal returns labeled “ground”!

(worst-case) (worst-case) (worst-case)

NOTE:
Use Rshared, not Lshared or 1/Cshared. 
Those values indicate magnetic- or 
electric-field coupling.  
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Isolate the Switching Current Loop?

Can the switching current share the ground
plane with the digital circuits?

10 cm

15 cm

DC-DC buck converterSwitching Current: 100 Amps peak

Digital Signal: 3.3 Volts

Ground plane is half-ounce copper

Resistance of board: < 1 msquare

Voltage induced by common-impedance coupling: < 100 mV

Don’t neglect H-field coupling!
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Vertical vs. Lateral Isolation

Lateral Isolation
Can we guarantee 
that each attached 
cable is within 1 mV 

of the ground 
structure at 

radiated emissions 
frequencies?

Digital RTN
Analog RTN

Chassis GND
Digital RTN

 All planes that reference signals that leave the board 
should be tied to ground with capacitors.

 Only one plane usually needs to be full size.

 One or zero vias should connect planes with different 
labels.

Vertical Isolation
Provides low-frequency isolation, while 

facilitating high-frequency bonding.

Digital GND

Analog 
GND

Chassis GND
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“Noisy”
Ground

“Quiet” I/O Ground
FILTERING

CONNECTOR CONNECTOR

FILTERING

Two Bad Ground Plane Layouts (and one good one)

FILTERINGFILTERING

“Noisy”
Ground

“Quiet” I/O Ground

CONNECTOR CONNECTOR

FILTERINGFILTERING

“Noisy”
Ground

“Quiet” I/O Ground

CONNECTOR CONNECTOR
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More Split Grounds

EMC at PCB Level: Potential Sources, Compliance, and Layout Techniques
Pan-European Training, August 2022

Sierra Circuits: December 2022
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Electromagnetic Testing Services (Current Website)
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Sierra Circuits (January 2023)

Application Note: High-Speed PCB Design Guide
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Sierra Circuits (April 2023)
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Sierra Circuits (April 2023)
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Cadence Website (current)

20

Software Radius (Current Website)

13 PCB Layout Best Practices & Design Guidelines in 2023
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FS Tech (April 2023)

22

Article in Electronic Design Magazine (April 2023)

Same article appears as an Analog Devices App Note 
dated September 2022
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Infineon (April 2023)
Hardware design guide for the PSoC™ 4 HV PA family 

24

Circuit Board 
Decoupling
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Cadence PCB Solutions (October 2020)

26

Altium (September 2020)
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ST Microelectronics (2015)

Application Note: AN4694
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Sierra Circuits (December 2022)



EMCFest 2023 2023

16

31

Sintecs (January 2023)

32

Renesas (August 2022)
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Infineon (April 2023)
Hardware design guide for the PSoC™ 4 HV PA family 
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Electromagnetic Testing Services
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Electromagnetic Testing Services

36

Texas Instruments (April 2023)
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Filter
Design

38

Würth Elektronik (December 2017)

Application Note: ANP044c
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Electromagnetic Testing Services

40

GaN Gate Driver - 2019
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Power 
Converter 

Layout

42

Linear Technologies (2012)

Application Note: AN139
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Texas Instruments Application Note

App Note: AAJ 1Q 2015

For Step-Down Converters 

Note that HF current will 
not flow on isolated 
PGND. Path of least 
inductance takes it back 
to main ground plane.

Single-point current return?!!
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TLV62065 DC/DC Buck Converter (Data Sheet)

Automotive 2.9V to 5.5V, 3 MHz, 2A

Be sure that vias to GND and any voltage planes are adjacent to capacitor mounting pads!
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ROHM Semiconductor (2017)

Application Note: AN066E

46

MPS (2023)
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Analog Devices Application Note (January 2021)

Note: This is a Buck converter operating at 200 kHz to 1.5 MHz.
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Allegro (February 2022)

Allegro A4491 (Triple Buck Converter)

 1 – 5 V from 4.5 – 23 V
 1.5 A each
 550 kHz

 Interleaved Turn-On Cycles
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Vicor (January 2022)

Data Sheet: Vicor ZVS Regulators (PI34xx-LGIZ)
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Analog Devices (2022)

Data Sheet: LTC3637-D
Analog Devices 11/2022
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Power 
Inverter

52

ST Microelectronics (June 2015)

Application Note: AN4694

“6. Connecting the signal ground to the three driver grounds through a star connection 
improves the balance and symmetry of the three-phase driving topology.”

Any time you see currents 
being routed to a single point; 

someone has confused the 
concept of ground with the 
concept of current-return. 
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Texas Instruments (October 2021)

54

One More 
Thing!
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An Alarming Trend

Design Rules Based on Simulations

Output is not a 300 MHz sine wave

No stackup information

No decoupling geometry or design information

Where are the ports?

No reference, no model information.

Conclusion was that decoupling capacitor location and value matter. 
(This is sometimes true, but often false.) 
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An Alarming Trend

Design Rules Based on Simulations

It wasn’t clear what type of coupling was involved

Not clear what the criteria was.

Virtually no information model information is provided.

Conclusion was that “in terms of immunity to external EMI” a twisted pair is 
better than a “regular wire” but not as good as a coaxial cable. 
(This is clearly false!) 


