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INTRODUCTION

As modern electronics evolve toward higher power density and increased energy
efficiency, the role of DC-DC converters becomes increasingly crucial. These converters
must maintain high efficiency across wide load conditions, stringent thermal constraints,
and ever-smaller form factors. While the focus is often on active components such as
MOSFETs and controllers, the performance of a power supply hinges equally on the quality
and design of its passive components, capacitors, inductors, and resistors.

EFFICIENCY FUNDAMENTALS IN DC-DC CONVERSION

DC-DC converters achieve efficiency by minimizing conduction losses, switching losses, and parasitic
effects. The choice of topology, buck, boost, buck-boost, or resonant converters like LLC, plays a large role;
however, even the best topology can underperform without optimized passives.

- Conduction losses are influenced by the ESR of capacitors and DCR of inductors.
- Switching losses are mitigated by low-parasitic layouts and fast transient components.
- EMI filtering and stability margins are significantly shaped by the quality and placement of passive devices.

CAPACITORS IN HIGH-EFFICIENCY DESIGNS

Capacitors serve two main roles: energy storage and noise suppression. High-frequency
ceramic MLCCs (especially Class Il and Class | types) offer low ESR and ESL, critical for
minimizing voltage ripple and switching noise in point-of-load (POL) converters.

Polymer and hybrid electrolytic capacitors are used for bulk decoupling, offering higher
capacitance with better stability than traditional aluminum electrolytics. Their low
impedance at intermediate frequencies makes them ideal for VRM and intermediate bus
architectures.

Capacitors serve two main roles: energy storage and noise suppression. High-frequency ceramic MLCCs
(especially Class Il and Class | types) offer low ESR and ESL, critical for minimizing voltage ripple and switching
noise in point-of-load (POL) converters.

Polymer and hybrid electrolytic capacitors are used for bulk decoupling, offering higher capacitance with
better stability than traditional aluminum electrolytics. Their low impedance at intermediate frequencies
makes them ideal for VRM and intermediate bus architectures.

- ESR and ESL ratings at operating frequency
- Temperature and bias voltage effects on capacitance
- Ripple current rating for thermal stability

High-Efficiency DC-DC Converters
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Inductors and Magnetics: Core Loss and Conduction Tradeoffs

Inductors are central to energy transfer in switching regulators. The balance between core loss (AC) and DCR
(DC) must be optimized for the converter’s switching frequency and load profile.

For example, low DCR is desirable to reduce conduction loss, but a larger wire gauge increases size. Similarly,
high-frequency operation requires low core loss materials like ferrite. Pulse Electronics offers inductors with
optimized core geometries and materials to support MHz-class converters.

Designers should evaluate:

- Saturation current vs ripple current requirements
- Core material loss tangent at target frequency
- Shielding to reduce EMI coupling

Resistors and Thermal Management

While often overlooked, resistors in feedback, snubber, and sensing circuits impact efficiency and stability.
Thin-film precision resistors improve control loop accuracy, while low-ohmic current-sense resistors must
balance power dissipation with measurement resolution.

Thermal management also depends on resistor placement, power rating, and parasitic interactions with
surrounding passive components.

Application Examples

- Industrial automation: High-efficiency buck converters with ceramic MLCCs and ferrite inductors for motor
drives and PLCs.

- Al servers: Intermediate bus architectures using polymer caps and high-current inductors for GPU/CPU rail
management.

- Automotive: 48V-12V converters using AEC-Q200 qualified passive components with high ripple current
and vibration tolerance.

CONCLUSION

Passive components are not just supporting players—they are active enablers of high-efficiency power
conversion. The proper selection of capacitors, inductors, and resistors can minimize losses, enhance
thermal performance, and ensure reliable operation in mission-critical applications.

At YAGEO Group, we offer an extensive portfolio of passive components engineered to meet the

demands of high-efficiency DC-DC converters, bringing together advanced materials, precision
manufacturing, and application expertise.
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