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Approach
Magnetic materials comprise a significant portion of power electronics. To decrease the size requirements, new materials are required to work in
conjunction with improved semiconductor switches. Specifically, magnetic materials capable of operating at higher switching frequency are needed.

Passive elements comprise the bulk of the
volume and mass of a power converter

Soft magnetic material development
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Adapted from: L.A. Dobrzariski, M. Drak, B. Ziqbowicz, Materials with specific magnetic
properties, Journal ofAchievements in Materials and Manufacturing Eng. 2006, 17, 37.

No new soft magnetic materials
introduced to the market since the 1990s

In addition to taking several
different approaches to new
materials, our composite
magnetics enable new device
designs:

Future state of power electronics
with embedded components

Results/Accomplishments

New soft magnetic materials:
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G. Scheunert, et al.,A review of high magnetic moment thin films for microscale
and nanotechnology applications, Appl. Phys. Rev., 3, 011301 (2016).

Net-shaped toroid using
Spark Plasma Sintering or

SPS (no machining required)
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First ever bulk y'-Fe4N: US Patent: 9.963,344

Magnetic nanocomposite (Fe
or Fe304 inorganic phase)

High quality Fe304
nanoparticles

3-layer microinductor fabrication process:

Bottom Cu Layer

MEMS Micromachining

Nanocore + CuVia Layer

Novel Techniques

Top Cu Layer

MEMS Micromachining

• MEMS Micromachining: optical photolithography, electroforming, e-beam metal evaporation

• Novel Techniques: 3D printing (molds, wires), femtosecond laser drilling (nanocomposite)

Gap(1)=50 freq(18)=10 MHz Multislice: Magnetic flux density norm (T)
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COMSOL model of microinductor
with nanocomposite core

Laser Drilled Cu Vias

Summary & Impact
• LDRD investment: Enabling Modular Architectures with Radiation-Hard Bus-Based Power Delivery (Grand Challenge with ND impact), Magnetic Nanocomposites for High
Performance Inductor Materials (Materials IA)

• Mission related (ND) projects and collaborations are growing: power electronics, NG, stronglinks

 • Energy related projects are also growing: DOE/Office of Electricity, DOE/Vehicle Technologies Office, ARPA-E

• Our portfolio of magnetic materials projects is expanding beyond solely soft magnets for inductors: our work now includes transformers, electrical machines, sensing, and
even some permanent magnets

• Uniqueness: multidisciplinary team (physics, chemistry, materials science, EE), strength in microfabrication (pFab, electrodeposition, novel micromachining), extensive test beds
and insertion opportunities

Collaborators: Dale Huber (SNL), Eric Langlois (SNL), Jamin Pillars (SNL), Bob Kaplar (SNL), Jason Neely (SNL), Jack Flicker (SNL), John Watt (LANL), Enrique Lavernia (UC Irvine), Scott Sudhoff (Purdue), and many

others...
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