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PSMA Magnetics Committee Meeting Agenda – Special Project
November 6, 2024

• Special Projects 
– In Process

• Electrical parameters of magnetic materials – interim activities since September 2024
• Core Loss Database - active

– Pending
• Steinmetz Like Approximation
• Electrical parameters of magnetic materials
• Propagation in magnetic materials
• Current driven core loss testing
• Spice model



PSMA Magnetics Committee Meeting Agenda – Special Projects
November 6, 2024

• Permittivity measurements with a saturating magnetic field
– Background Info

• We have a new student for the fall semester, Fabrice Locher.  He is an undergraduate and will 
work under the supervision of Jonas Mühlethaler

• Jonas has tailored the work under the project to the abilities of the student, the time and 
equipment available and the budget.  Briefly, the work will continue the work started by Frédéric 
Mathieu, verifying it and extending the measurements to a higher frequency

– Activities since September by Fabrice Lacher and Jonas Mühlethaler
• Work on publication for APEC (The paper has been accepted for the Poster Session)
• Re-did permeability measurements with DC field through extra wire, rather than through 

electromagnet (so we have a DC field in the same orientation as main flux
• “4-wire” measurements with Bode 100 (so far the results were almost the same, so we have a high 

confidence in the results)
• Prepared toroid for permittivity / conductivity measurements
• Ed started making sense of the results with a literature review (still ongoing, needs time, and 

cannot be outsourced to student)



PSMA Magnetics Committee Meeting Agenda – Special Projects
November 6, 2024
• Permittivity measurements with a saturating magnetic field

– Activities going forward
• 4 November, 2024

o Permittivity measurements on toroid, see whether we have same results and can go to higher 
frequencies

o Work on APEC publication / Literature study by Jonas
• 11 November, 2024

o Work on APEC publication / Literature study by Jonas
o Try to observe dimensional resonance with new measurement setup (4-wire, toroids)
o Try to make sense on the abrupt changes of permittivity under DC bias at higher frequency (see 

Frédéric’s work)
• 18 November, 2024

o APEC Deadline publication
o Work on new PCBs for permittivity measurements (reduce skin effect) / see E. H. Email with some 

suggestions; Include study of skin effect here (a comment: skin effect is a well understood problem, 
and can be simulated with FEM; in other words: I suggest to do a FEM study of the PCB.Try to make 
sense on the abrupt changes of permittivity under DC bias at higher frequency (see Frédéric’s work)

o FEM is not good in non-linear core materials, but good in linear copper



PSMA Magnetics Committee Meeting Agenda – Special Projects
November 6, 2024
• Permittivity measurements with a saturating magnetic field

– Activities going forward
• 25 November, 2024

o FEM/Skin effect study by Fabrice (Fabrice will most likely not find time to go into the flux propagation 
study)
 Here and in the following weeks Jonas can start thinking about flux propagation and 4-wire with 

scope, until here Jonas have to focus on the APEC paper which is related to the project as well
o 2 December, 2024

o FEM/Skin effect study by Fabrice (Fabrice will most likely not find time to go into the flux propagation 
study)

• 9 December, 2024
o Flux propagation and 4-wire with scope by Jonas

• 16 December, 2024
o Flux propagation and 4-wire with scope by Jonas

• Christmas break/Next year
o We will work out a plan in detail, maybe with a graduate student. But keep in mind, the USD 10k is a 

limited budget and we did a lot already…



PSMA Magnetics Committee Meeting Agenda – Special Projects
November 6, 2024

• Core Loss Database 
– Database should be on its own website

• Link to the website on a tab in the PSMA Magnetics Forum

– Project meetings separate from monthly magnetics committee meeting
• Initial meeting during last week of September

– September 25 10:00 AM CDT

• Regular monthly project updates starting in November
– November 13 10:00 AM CST (noting standard time begins on November 3)
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PSMA Magnetics Committee Meeting Agenda Workshop Planning Notes
November 6, 2024

• Workshop Tab
– Workshop partners

• 2025 Workshop partners updated
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• Workshop Tab
– Registration

• Open
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• APEC webpage
– Schedule at a glance
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• APEC webpage
– PSMA Magnetics Workshop
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2025 Edition PSMA Power Technology Roadmap
Magnetics Section

• 2022 Topics (Published)
– Energy Harvestings
– Integrated Voltage Regulators (IVR)
– Fully Integrated Voltage Regulators (FIVR)
– Hybrid Integrated Voltage Regulators (HIVR)
– Isolated Signal and Low Power Transformers
– Power Supply on Chip (PwrSoC)
– Power Management Integrated Circuits (PMIC)
– Power Systems in Package (PSiP)
– Mother Board Voltage Regulators (MBVR)
– Wireless Power Transfer (WPT)
– Solid State Transformers (SST)

• 2025 Topics (Proposed)
– Embedded Magnetics

• Integrated Voltage Regulators (IVR)
• Fully Integrated Voltage Regulators (FIVR)
• Hybrid Integrated Voltage Regulators (HIVR)
• Isolated Signal and Low Power Transformers
• PwrSoC (Power Supply on Chip)
• Power Systems in Package (PSiP)

– Solid State Transformers (SST)
– Trans-Inductor Voltage Regulators (TLVR)
– Mother Board Voltage Regulators (MBVR)

• Lateral Power Delivery (LPD)
• Vertical Power Delivery (VPD)
• Dual Phase Power Block (DPPB)

– Wireless Power Transfer (WPT)
• EV Charging

– Core Loss Measurement Methods & Databases
– Magnetic Material Alternatives Opportunities and Limitations
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PSMA Magnetics Committee –Magnetics Committee Forum on PSMA Website
November 6, 2024

• In process
– Section 1.3 Powdered metal

• Proposal by Lukas Mueller has been accepted
• Need to add to HF task force tab under magnetics Technical Forum on PSMA website

• Proposed additions/updates
– Section 1 Core Materials

• Sputtered (addition)
• Electroplated (addition)
• Section 1.4 Nanocrystalline and amorphous metals (populate)

– Section 4 Inductors
• TLVR inductors (addition)

– Section 8 “Solid state” transformers (populate)
– Section 12 Fabrication Technology

• Section 12.3.2 Substrate embedded (populate)
• Section 12.6 PSiP (populate)
• Section 12.7 PwrSoc (populate)



PSMA Magnetics Committee –Magnetics Committee Forum on PSMA Website
November 6, 2024

Update

https://psma.com/technical-forums/magnetics/hf-task-force

https://psma.com/technical-forums/magnetics/hf-task-force


PSMA Magnetics Committee –Magnetics Committee Forum on PSMA Website
November 6, 2024

Populate section 1.3 and 1.7 with content 
proposed by Lukas Mueller

https://psma.com/technical-forums/magnetics/hf-task-force

Add Micrometals logo with link to Micrometals website 
to this section of HF task force

https://psma.com/technical-forums/magnetics/hf-task-force


PSMA Magnetics Committee –Magnetics Committee Forum on PSMA Website
November 6, 2024

Section 1.3 Powder Materials

Powdered metal-based cores are made from small particles of magnetic material that are insulated, mixed with a binder 
and pressed into a solid core shape. The defining characteristic of powder cores is their low starting permeability ranging 
from 4 to 550 and soft-saturation characteristic. Unlike a gapped high permeability material, a powder material will 
gradually lose its permeability with increasing magnetization force. Coupled with powder materials with high saturation 
flux density, these materials can store higher amounts of energy per unit volume than ferrite. Core loss is generally higher 
for powder materials than ferrite.
There are three broad subtypes of powder metal cores depending on the base raw material used: iron, carbonyl iron and 
alloy.
1.3.1 Powder iron cores are made from reduced iron. The main advantage of powder iron is the materials high saturation 
flux density, high amplitude permeability, high damping and low cost. The main disadvantage of powder iron is its high 
core loss compared to other materials, making it more suitable for low frequency power conversion, line reactor or EMI 
filtering applications
1.3.2 Carbonyl iron-based cores feature low eddy current losses due its unique magnetic particle structure. This gives 
these types of materials a stable permeability over a wide frequency range. The main application for carbonyl iron-based 
cores is in high Q resonant inductors and broadband transformers at frequencies above 1MHz.
1.3.3 Alloy powder cores feature lower hysteresis losses than powder iron cores. The stability of these materials’ 
permeability versus magnetization force is also significantly better. Alloy powder cores excel in DC inductors in filtering 
and power conversion applications. There is a large variety of alloy cores including but not limited to: Sendust, Permalloy, 
Mollypermalloy and Silicon Steel.

Proposal By Lukas Mueller on June 28, 2024
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Section 1.7 Selection criteria

The defining selection criteria for magnetic materials are: core loss, saturation flux density, inductance stability, temperature 
range and mechanical ruggedness. 
For AC applications like high Q resonant inductors or transformers low core loss at the intended switching frequency is the 
primary concern. The performance factor of different material grades can be used to identify the material with the lowest core 
loss at a certain frequency. 
For DC switching inductors, like PFC inductors, a mixture of inductance stability and core loss is desirable. 
For EMI filter inductors, high damping is beneficial to limit parasitic resonances in the filter. In addition, a high impedance over 
the desired filtering frequency range is crucial. For DC filter inductors, a high DC bias stability is desired. The material 
saturation constant can be used to evaluate different materials in this regard. For AC line filter inductors, a high saturation flux 
density and high amplitude permeability are beneficial.

Proposal By Lukas Mueller on June 28, 2024
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Proposal By Lukas Mueller on June 28, 2024

Application Material 1 Material 2 Material 3 Note

Common Mode Choke MnZn Ferrite Nanocrystalline NiZn Ferrite Carbonyl iron above 500MHz an option as well

DC Filter Choke Powder Alloy MnZn Ferrite Powder Iron

AC Line Choke Power Iron Powder Alloy Fe-Si (laminated)

AC Filter Choke Carbonyl iron Powder Alloy MnZn Ferrute

CCM Switching inductor Powder Alloy MnZn Ferrite Nanocrystalline Evaluate DC bias stability vs. core loss

DCM Switching Inductor MnZn Ferrite NiZn Ferrite Carbonyl Iron Carbonyl iron has higher core loss but lower AC copper loss due to distributed air gap

Tuned RF inductor Carbonyl Iron NiZn Ferrite Air

Transformer MnZn Ferrite Nanocrystalline NiZn Ferrite

Section 1.7 Selection criteria (Continued)
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PSMA Magnetics Committee Meeting Agenda
November 6, 2024 – Next Meeting

• xxxday December x 10:00 AM CST – 11:00 AM CST



PSMA Magnetics Committee Meeting
November 6, 2024

• Attendance (12)
– John Horzepa 
– Mike Arasim
– Alan Cooper
– Jim Cox
– Doug Eaton
– Frank Feng
– Ed Herbert
– Alfonso Martinez
– Lukas Mueller
– Mike Ranjram
– Rodney Rogers
– Ranajit Sai
– George Slama
– JC Sun
– Mark Swihart
– Jun Wang
– Matt Wilkowski



PSMA Magnetics Committee
November 6, 2024

Thank You
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