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How custom magnetics play a pivotal role in ensuring efficient
power delivery, reliable isolation, and patient safety within
medical devices.




High-frequency magnetics—chiefly transformers and inductors used in switching power
supplies—play a critical role in providing patient isolation in medical devices. These
magnetics enable power conversion and signal coupling while meeting the strict IEC 60601-
1 isolation and safety standard. Below is an overview of how high-frequency magnetics are

applied and what design considerations must be addressed in medical applications:

Why High-Frequency Magnetics Are Used
1. Efficient Power Conversion
e High-frequency operation (tens of kHz to several MHz) allows smaller and lighter
transformer/inductor cores, reducing size and weight—important in compact or
portable medical equipment.
e Higher frequency also improves regulation and transient response in switch-mode
power supplies (SMPS).
2. Isolation Requirements
e In medical devices, galvanic isolation is required to protect both patients and operators
from potential electrical shock.
e High-frequency transformers provide the means to pass power across an isolation

barrier while respecting creepage and clearance distances.

Key Safety Standard (IEC 60601-1)
When designing magnetic components for medical power applications, engineers must comply
with IEC 60601-1, which addresses:

e Creepage and Clearance Distances: Minimum distances are set between conductive
parts across an insulation barrier (creepage) and through air (clearance).

e Reinforced or Double Insulation: Higher-level isolation can be required depending on
the device’s patient-contact classification
(e.g., Type BF, CF).

e Dielectric Strength: Transformers need
to withstand high-voltage (HV) dielectric
test levels (often in the range of 10 kVAC
or more) to ensure no breakdown under
normal or single-fault conditions.

e Leakage Current Limits: Leakage

current from the device to the

patient must remain under strict limits.

Power Magnetics for Medical Applications




Design Considerations for Magnetics in Medical Devices
1. Core Material Selection
e Ferrite materials are commonly used for high-frequency operation due to low core
losses at tens of kHz to MHz range. Polymer and powder cores can also be used.
e Core shape (E, EE, ETD, PQ, planar cores, etc.) impacts thermal performance, winding
layout, and overall size.
2. Thermal Management
e Transformers can generate heat from core and copper losses.
e Medical devices must operate within strict temperature limits —
both for safety and to avoid failure.
3. EMI and Noise

e High-frequency switching can introduce electromagnetic interference.
e Common-mode chokes or integrated EMI filters are typically used to meet medical EMC
standards (e.g., IEC 60601-1-2).
e Winding strategies (e.g., interleaving) help reduce leakage inductance and improve
efficiency but can increase parasitic capacitances, so trade-offs are needed.
4. Partial Discharge (PD) and Dielectric Integrity
e At high voltages and frequencies, partial discharge can degrade insulation over time.
e Careful material choices (e.g., high-grade insulating films, epoxy) and design practices
(adequate spacing, proper potting) help minimize PD risk.
5. Leakage Current
e Meeting leakage current limits is critical, especially in contact or invasive medical
devices (CF devices).
e Minimizing stray capacitance between primary and secondary helps keep common-

mode leakage current within standards.

Conclusion

High-frequency magnetics are essential in modern medical devices due to their efficiency,
reduced size, and ability to meet strict isolation requirements. By following IEC 60601-1
guidelines and implementing robust design and manufacturing practices—especially around
insulation, creepage and clearance, leakage currents, and partial discharge prevention—
engineers can ensure patient safety and regulatory compliance. The result is a compact,
reliable, and efficient power or signal isolation component that supports the lifesaving

functionalities of medical equipment.
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