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Knowles Precision Devices
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Higher Voltage Levels
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• Why is the voltage level in EV-systems increasing?

• What challenges come with this increase?

• How to solve these design challenges?



EV Voltage Levels

12V/24V 48V 200-300V 400V 800V

ICE
Internal Combustion Engine

MHEV
Mild Hybrid

HEV
Hybrid

BEV
Battery Electric Vehicle

Low Voltage Medium Voltage
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MLCC Applications
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• DC Link
• DC Blocking
• Filter 
• Snubber
• Resonant Circuit



Design Challenges

1. Creepage and Surface Arcing
2. Voltage handling 
3. Thermal Resistance
4. Dielectric Stability
5. Chip self-heating
6. Physical Durability
7. Surge Protection
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Higher Voltage Levels
Maintaining Proper Creepage Distance for 
High-Voltage Capacitors

Figure 2. An example of an improper creepage distance that resulted in arcing. 

General Guide - 1mm spacing per 1,000V
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Surface Arcing 

Surface arcing occurs when the dielectric strength of the surface environment 
is exceeded. Factors affecting this are:

1. Humidity

2. Surface Contamination

3. Dielectric Type

4. PCB design
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Surface Arcing and Creepage - Design
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1. Slot the board under the MLCC
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Surface Arcing and Creepage - Design
2. Route a recess in the board under the 
MLCC A full slot is not always viable. 



Surface Arcing and Creepage - Design
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3. Remove the mask layer of the board under the chip 



Use of DC rated capacitor in 
AC voltage application
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The maximum peak to peak of an AC voltage should not exceed the DC rating of the 
capacitor. Component dc rating > Vpk-pk. NOT RMS

Consider a component with an AC rating



Further MLCC Considerations
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Temperature Rise



More Stable Class II Dielectrics
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• Better voltage stability and lower losses than commercial X7R 
• Improved temp rise under ripple current at high frequency



Chip Spacing and Arrangement
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Chip Orientation  - Horizontal vs. Vertical
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Chip Orientation  - Horizontal vs. Vertical
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TensionTension

Further MLCC Considerations
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Shock and Vibration / Bend and Flex

Mechanical Crack

Electrical failure site

Termination MaterialElectrodes



Position/Orientation in relation to PCB edge 
and other components
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• Capacitor placement not recommended in the 
corner of the PCB.  

• Recommended capacitor orientation with respect 
to PCB edge (denoted by black lines).

• Note: Stress zone is typically within 5mm of PCB 
edge or fixing point.



PCB Slots and Solder pad/land sizes
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• Using a slot along the depanelisation edge 
reduces the level of stress exerted onto the 
capacitor by approximately 50%

• Reducing the pad/ land size can reduce the level 
of stress exerted onto the capacitor by 
approximately 50%

Incorrect Correct



Board Design
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• X7R Automotive must be Flexicap to pass AEC-
Q200

• No excuse for mishandling boards or bad 
design



Flexible Termination
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• FlexiCap™ termination material is a silver loaded epoxy polymer that is flexible and absorbs 
mechanical strain between the Printed Circuit Board and the ceramic component.



Tandem Capacitors
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Each section is capable of withstanding full rated voltage

200V 200V0V 0V



Open Mode
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Designed for applications where mechanical 
cracking is a severe problem and short circuit 
failures due to cracking are need avoiding

Mechanical 
Crack

Inset margin

Active area



Safety Capacitors
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TÜV and UL certified safety rated MLCC’s



Lead Framing
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Large Cap Assembly
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Conclusions
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Higher Voltage increases efficiency in design, build and performance.

At the component level this requires us to consider the immediate PCB design along with all 
aspects of the component’s internal and external design.

Higher voltages and the resultant higher margins for safety adds new problems which require 
new solutions

Addressing the challenges of higher voltage and higher power systems calls for rigorous real-
world testing to fully understand the effects of multiple variables



You can find us at Booth 71D22.

Thank you for your attention!
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