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Abstract- Multilayer Ceramic Capacitors (MLCCs) are among the most widely deployed passive components in
contemporary electronic systems, supporting applications ranging from consumer electronics to safety- critical
automotive platforms. Continuous scaling, cost reduction, and material transitions. Most notably the shift from
Precious Metal Electrode (PME) to Base Metal Electrode (BME) technology. This have enabled higher capacitance
density and miniaturization while simultaneously introducing new reliability challenges. Historically, capacitor
failures have accounted for a significant portion of electronic field failures, and recent trends indicate increasing
early-life and wear-out failures even in low-voltage MLCCs. This paper presents an overview of MLCC construction,
standardization, and applications, followed by a detailed analysis of dominant failure mechanisms observed in
automotive environments. Mitigation strategies and design considerations aligned with automotive reliability
standards are also discussed.
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Il. MLCC STRUCTURE AND

I. INTRODUCTION

Multilayer Ceramic Capacitors (MLCCs) are essential
components in modern electronic circuits, providing
functions such as decoupling, filtering, energy
storage, and signal conditioning. Their widespread
adoption is driven by compact size, low equivalent
series resistance (ESR), and cost-effective mass
production. As electronic systems continue to evolve
toward higher integration and harsher operating
environments, particularly in automotive
applications, MLCC reliability has become a critical
design concern.

The industry’s transition from PME-based designs to
BME-based structures has enabled higher volumetric
efficiency and lower manufacturing costs. However,
these changes have introduced new material
sensitivities and failure mechanisms. Similar to the
scaling challenges observed in semiconductor
technologies, MLCCs now face increasing electrical,
thermal, and mechanical stresses that significantly
impact long-term reliability.

MANUFACTURING

An MLCC is composed of alternating layers of
conductive internal electrodes and ceramic dielectric
material, stacked and sintered into a monolithic
structure. The dielectric material is typically a ceramic
compound selected for its permittivity, temperature
stability, and aging characteristics.

Most MLCCs are produced using a co-firing process
in which the ceramic dielectric and metal electrodes
are sintered simultaneously. This process requires
precise material compatibility to avoid chemical
interaction or degradation during firing. Early MLCC
designs employed silver-palladium electrodes due to
their chemical stability; however, the industry has
largely transitioned to nickel-based BME systems to
reduce cost and support higher layer counts. While
effective, BME technology has increased sensitivity
to processing conditions and environmental stress.

I1l. CASE SIZE STANDARDIZATION
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MLCCs are manufactured in standardized
rectangular chip sizes to ensure compatibility across
suppliers and assembly processes. The Electronic
Industries Alliance (EIA) introduced inch-based
codes such as 0603, representing a component
measuring 0.06 inches by 0.03 inches. These codes
remain widely used in global electronics
manufacturing.

In parallel, the IEC/EN metric coding system specifies
dimensions in millimeters. For example, an EIA 0603
capacitor corresponds to an IEC 1608 package with
dimensions of 1.6 mm x 0.8 mm. Both coding
systems are commonly referenced in component
datasheets and PCB design documentation.

Advantages of Mlcc Technology

High Capacitance Density

The multilayer architecture of MLCCs enables high
capacitance values within a compact footprint. This
characteristic is particularly beneficial in space-
constrained designs such as automotive control
units, mobile devices, and embedded systems.

Low Equivalent Series Resistance

MLCCs exhibit very low ESR, allowing rapid charge
and discharge behaviour. This makes them well
suited for high-frequency applications, power supply
decoupling, and noise suppression in digital and
analog circuits.

Application Areas

Due to their electrical performance and cost

efficiency, MLCCs are used extensively in:

e Power supply filtering and voltage regulation

e Decoupling and bypass networks

e Timing and oscillator stabilization

e RF tuning and filtering circuits

e Automotive electronic control
infotainment systems

units and

Failure Mechanisms in Automotive Applications
Mechanical Cracking Due to Vibration and Shock
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Automotive PCBs are exposed to continuous
vibration and mechanical shock. These stresses can
induce cracks in ceramic layers or terminations,
resulting in intermittent or permanent open circuits.
The use of flexible terminations and stress-optimized
PCB layouts significantly reduces this risk.

Thermal Cycling and Thermal Shock

Automotive electronics routinely experience wide
temperature variations, from sub-zero cold starts to
elevated under-hood temperatures exceeding
125°C. Mismatch in thermal expansion between
MLCCs and PCB materials can lead to micro cracking
and solder joint fatigue. Automotive-grade MLCCs
with extended temperature ratings mitigate these
effects.

Electrical Overstress and Overvoltage
| —

-

Voltage transients arising from load dump events,
inductive switching, and electrostatic discharge can
exceed the rated voltage of MLCCs. Such electrical
overstress may cause dielectric breakdown and
premature failure. Conservative voltage derating and
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transient protection circuits are commonly
employed countermeasures.

Aging and Capacitance Drift

Class Il and Class Il ceramic dielectrics exhibit

logarithmic aging behaviour, leading to gradual
capacitance reduction over time. This phenomenon
can affect timing accuracy and filtering performance.
Designers must account for expected aging or utilize
Class | dielectrics for critical functions.

Humidity and Environmental Contamination

Exposure to moisture, condensation, and corrosive
environments can increase leakage currents and
reduce insulation resistance. Protective coatings and
sealed enclosures are essential in under-hood and
chassis-mounted applications.

Solder Joint Fatigue
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MLCC microsection ~Knit line failure
Repeated thermal cycling combined with vibration

can degrade solder joints, leading to intermittent
connectivity or open circuits. Optimized soldering

processes and compliance with AEC-Q200

guidelines improve long-term reliability.
IV. CONCLUSION

MLCCs remain indispensable components in modern
electronic systems due to their high capacitance
density, compact size, and favourable electrical
characteristics. However, increased miniaturization,
material transitions, and demanding automotive
environments have intensified reliability challenges.
Mechanical cracking, thermal fatigue, electrical
overstress, and  environmental  degradation
represent dominant failure modes that must be
addressed through informed design practices.

Adherence to automotive qualification standards,
careful component selection, voltage derating, and
robust PCB design are essential for minimizing field
failures. Continued advancements in materials,
manufacturing processes, and reliability testing will
be critical to ensuring MLCC performance in next-
generation electronic systems.
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