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Outline

• Multilayer Ceramic Capacitors
• X8R/X8L
• X8G
• VHT

• Tantalum Capacitors
• Mn02, Polymer, Wet
• SMD, Through-Hole, Modules 

• Supercap
• New electrochemical formulas exceeding Acetonitrile temperatures

• Multilayer Varistors
• Comparison of high temperature performance vs. TVS diodes

• Thermal Conductors
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HIGH 
TEMPERATURE 

OPTIONS
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X8R and X8L
Ceramic Capacitors
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Example of Cap vs Temperature:

COMMON DIELECTRIC TYPES USED: 

MLCC Performance 
Mostly Controlled by the Dielectric
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MLCC Performance 
X8R and X8L Dielectric

• X8R uses a different material formulation to X7R/X5R etc 
• X8L may use X7R materials or a different formulation 
• Parts tend to have a thicker dielectric .
• High temperature reliability 150°C  evaluations 
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X8G   +/- 30 ppm 150°C
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MLCC Reliability Comparison

• 90% Confidence Level
• X8R/L has much higher reliability at typical use conditions
• Comparable to NP0/C0G (Class 1) when derated
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SuperCapacitor – Temperature Limits

For More Information, Please Visit: Automotive Supercapacitors

2025 Joint HiTEC/CICMT/APPE Conferences | Albuquerque, New Mexico | April 14-17, 2025

000303

https://www.kyocera-avx.com/products/supercapacitors/scc-series-automotive-grade/


© KYOCERA AVX Components Corporation

SuperCap - New Electrochemical Formula

Preliminary Life Test Performance: Capacitance
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SuperCap - New Electrochemical Formula

Preliminary Life Test Performance: ESR
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Multilayer Varistors and 
Transient Voltage Suppressor Diodes  
Derating of MLV and TVS Diode

Diode

MLV

    Typical MLV, - 55 to 125ºC Rated Temp. 
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MLV / TVM Diode
Temperature Derating Example

SMAJ33CA
Energy Rating = 0.6 J

0805 MLV
Energy Rating = 0.3 J

Temperature 
(ºC)

Diode 
Derating

Maximum 
Energy (J)

Varistor 
Derating

Maximum 
Energy (J)

25 100% 0.6 100% 0.3

55 75% 0.45 100% 0.3

85 50% 0.3 100% 0.3

125 25% 0.15 100% 0.3

150 0% 0 85% 0.25

• Design had strict size constraints
• Application exposed to 125 ºC or greater
• Needed device that maintained energy handling 

capability at temperature

SMAJ33CA

0805 MLV

At 125 C 
25% of 0.6J  0.15J
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MLV Temperature Improvements
 New Developments for Automotive

Diode

MLV

MLV, AEC-Q200 Qualified, 175 ºC Op. Temp. 

High Temp. MLV
• High Temp. 175ºC MLV Available

• New dielectric materials – grain 
boundary modified for higher 
temperature applications

• More options for designers as 
more electronics go under hood

• No derating within operating 
temperature range
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Direction of Thermal Conductivity
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Summary

• Ceramic Capacitors
• Emerging high temperature automotive applications on rotors and wheels but require use of 

expensive ceramic boards. 
• Tantalum Capacitors

•   Higher capacitance values and voltage ratings are in development.
• Mn02 achieves highest temperature abilities.

• Supercaps 
• New electrochemical formulas need to be validated and go through extensive testing throughout the 

manufacturing process before entry to automotive industry.
• Multilayer Varistors

• MLVs have stable reliability at high temperatures.  Short circuit failure mode is low, but possible, 
with both MLV or TVS Diode.  MLV is much lower risk.

• As IC transient susceptibility increases along with temperatures it is crucial to include repetition of 
transient events in risk assessment.

• Heat Pipes & Spreaders
• Innovations continue for thermal management solutions and integration into high temperature 

passive electronic components.
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KYOCERA-AVX.com

THANK YOU.
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Kyocera-AVX

BACK UP SLIDES
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FlexiTerm and FlexiSafe MLCCs 

FLEXITERM FLEXISAFE
NP0/C0G X7R X8R X8L X7R

Temperature -55°C to +125°C -55°C to +125°C -55°C to +150°C -55°C to +150°C -55°C to +125°C

Qualification STD HIGH V STD AUTO STD HIGH V STD AUTO HIGH V AUTO STD AUTO STD AUTO STD / AUTO

Voltage Rating 25 - 500V 630 - 5000V 25 - 630V 4 - 500V 630 - 5000V 4 - 500V 630 - 3000V 25 - 100V 25 - 100V 25 - 100V 25 - 100V 16 - 1000V

0402 0.22 - 100nF 0.27 - 4.7nF

0603 1 - 10nF 0.5pF - 10nF 1 - 220nF 1 - 220nF 0.27 - 68nF 0.27 - 68nF 0.27 - 100nF 0.27 - 100nF 1 - 22nF

0805 0.5 - 470pF 1.5 - 820pF 0.5 - 470pF 1nF - 2.2μF 0.1 - 22nF 1nF - 10μF 0.33 - 220nF 0.33 - 220nF 330pF - 2.2μF 330pF - 2.2μF 1 - 100nF

1206 2.2 - 10nF 1.5pF - 10nF 2.2 - 10nF 1nF - 10μF 0.1 - 33nF 1nF - 10μF 0.1 - 10nF 1nF - 1μF 1nF - 1μF 1nF - 1μF 1nF - 1μF 1 - 150nF

1210 2.2 - 33nF 10pF - 33nF 1 - 33nF 100pF - 10μF 0.1 - 100nF 100pF - 10μF 0.27 - 27nF 1 - 470nF

1808 2.7pF - 6.8nF 0.22 - 68nF 0.22 - 1nF

1812 10pF - 18nF 1nF - 10μF 0.27 - 220nF 1nF - 10μF 0.33 - 47nF 1 - 10nF

1825 10pF - 8.2nF 1 - 56nF

2220 10pF - 8.2nF 0.1 - 22μF 1nF - 1μF 0.1 - 22μF 1 - 150nF 1 - 22nF

2225 10pF - 68nF 1nF - 1μF

3640 1 - 56nF
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Multilayer VaristorsTVS Diode Construction

• Transient is absorbed within the P-N Depletion Zone 
• Absorption creates heat within depletion zone
• Basis for Low Pulse Resistance/High Derating
• Long Leads - High parasitic inductance
• One P-N Junction (<5% of Volume of device)

• The ceramic material is doped Zinc Oxide where 
every grain is a Schottky Diode. The structure 
between the plates gives series/parallel diodes. 

• Even distribution/dissipation of transient energy 
• Nearly entire volume dissipates energy – Millions 

of “P-N junctions”

PHYSICAL DIFFERENCES BETWEEN MLVS AND TVS

TRANSIENT VOLTAGE 
SUPPRESSION OPTIONS
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TRANSIENT VOLTAGE 
SUPPRESSION OPTIONS

Capacitor TVS Suppression MLV Cross Section 

MLV Package

One Varistor Can Replace 2 Diodes and a Capacitor

TVS Diodes

Diode protection method three 
component solution

TVS + EMI

BusXCVR

MLV protection method single 
component solution

TVS + EMI

Multilayer Varistors (MLVs)
Bus

EMC 
CAP

XCVR
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