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Outline
 High Frequency Requirements for 

Magnetic Materials
 New Material: Carbonyl Iron Powder 

with Higher Temperature Capability
 New Material: High Frequency 

Sendust
 New Software: Inductor Design 

Software



What  Core Characteristics are needed for 
“High Frequency” Inductors?

 High Frequency = 500kHz – 100MHz
 High Saturation Flux Density (Bsat) to Avoid 

Saturation at High DC Bias
 Low Permeability – Forces increased turns and 

reduces AC Flux Density
 Little or no discreet gaps – Reduce fringing effects
 Single Layer Winding – Reduce Proximity Effect 

Losses
 Low Losses (Eddy Current)
 Good Inductance Linearity versus Frequency and 

Current – especially for resonant converter
 Good Stability with Temperature



What is a Powder Core?



Powder Core Characteristics
 Distributed Air gap
 Discrete gap not required – minimal Fringing
 Eddy Currents restricted to flowing within 

particles
 “Soft” Saturation
 Flexible Material Choices
 Bsat
 Losses

 Permeability controlled by Insulation Level



Micrometals Material Overview

IRON POWDER IRON POWDER
Power Conversion Materials Radio Frequency Materials

• Permeabilities up to 100 • Carbonyl powders
• Most cost effective magnetic material, high • Permeabilities typically less than 10

saturation characteristics and moderate losses • High Q, low loss and very linear with frequency
• Typical applications between line frequency and 20MHz • Applications up to GHz
• Wide range of geometries and sizes • Wide range of geometries and sizes
• Predictable thermal aging characteristics

200C SERIES™ MICROCUBES
High Temperature Alloy Powders Low Profile/High Power Geometries

• Nickel and non nickel alloy powders • Available in Iron Powder or 200C Materials
• Permeabilities up to 125 • Surface mount or Through-hole Applications
• Low loss materials and high saturation • Use with Round Wire or Helical Coils
• No thermal aging concerns • Similar power densities to integrated coil/core with
• Operating frequencies up to 5MHz greater material options
• Wide Range of geometries and sizes • Fine-tuned inductance capabilities through gapping
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RF Iron Powder Cores for High 
Frequency Converters

 Core Material Originally designed in the 1950s
 Initial applications:

 High Q filters
 Broadband transformers
 Tuning Coils

 Made from Carbonyl Iron Powder 
 Effective Permeability from 10 permeability and lower

 Mix-2, 10 permeability
 Mix-6, 8.5 permeability
 Mix-10, 6 permeability
 Mix-17, 4 permeability

 Extremely low eddy current losses



New Material: Carbonyl Iron Powder 
with Higher Temperature Capability
 Same Carbonyl Iron Raw Material
 Optimized for Minimal Change of Inductance and 

Losses through Reflow Solder Processes
 Optimized for Minimal Change of Inductance and 

Losses over Long Term Use at Elevated 
Temperature



New Material: Carbonyl Iron Powder 
with Higher Temperature Capability
 Graph showing improvement in stability through 

reflow solder process



New Material: Carbonyl Iron Powder 
with Higher Temperature Capability
 Graph showing improvement in stability over long 

term exposure to elevated temperature



Micrometals Alloy Powder Cores 
Material Overview

SUPER-MSS™ (MS) HIGH FREQUENCY SENDUST (SH) MOLYPERMALLOY (MP)
Sendust Powder New Sendust Powder for GaN and SiC MPP Powder

• Iron, Silicon, Aluminum alloy powder 
material

• Iron, Silicon, Aluminum alloy powder 
material

• Nickel, Iron, Molybdenum alloy powder 
material

• Permeability from 14 to 160 • Permeability from 26 to 125 • Permeability from 14 to 205
• Low Magnetostriction for audibly quiet 
applications

• Low Magnetostriction for audibly quiet 
applications • Very low loss powder material

• Cost effective low loss material • Cost effective low loss material • Operating frequencies ≤200kHz

• Operating frequencies up to 500KHz
• Operating frequencies up to 5 MHz –
Developed for GaN and SiC Apps • No thermal aging concerns

• No thermal aging concerns • No thermal aging concerns • Wide selection of toroids up to 132mm
• Wide selection of toroids, E-cores and blocks • Wide selection of toroids up to 100mm

FLUXSAN™ (FS) OPTILLOY™ (OP) HI-FLUX™ (HF)
Silicon Iron Alloy Optimized Alloy Powder Nickel Iron Powder

• Silicon, Iron alloy powder material • Hybrid Alloy System • 50/50 Nickel, Iron alloy powder material
• Permeability from 14 to 90 • Permeability from 14 to 125 • Permeability from 14 to 160
• High saturation characteristics • Optimized for Low Loss and High Saturation • High Saturation characteristics
• Low losses ≤300kHz • Cost effective low loss material • Moderate losses ≤200kHz
• Various geometries and sizes available • Toroids available to 132mm • No thermal aging concerns
• No thermal aging concerns • Toroids available to 132mm
• Operating frequencies to MHz
• Wide selection of toroids, E-cores and blocks
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New Material:
High Frequency Sendust

 Sendust Alloy that has been optimized for 
applications switching up to 5 MHz

 Introduced August 2016
 Has Eddy Current Loss approximately 1/3 of 

Standard Sendust
 Similar DC Bias and Hysteresis characteristics to 

Standard Sendust
 Available in 26µ, 60µ and 125µ
 Available in toroids up to 100mm diameter



New Material:
High Frequency Sendust



New Material:
High Frequency Sendust



New Software: Inductor
Design Tool Overview

 Custom Built, Web based Design Software
 Can be used for DC-DC, PFC, Inverter, other 

Applications
 Library includes all Micrometals materials, including 

Iron Powder, RF, Sendust, MPP, HiFlux, Fe-Si, 
Optilloy and new High Frequency Sendust

 Library includes all Micrometals size range of 
Toroids and Ecores, including custom sizes

 Introduced Online in July 2016
 Free to use with registration



Design Software Features
 Free Online Tool: www.MicrometalsAPC.com/design-software
 Displays of #Good Designs from >2000 Part Numbers
 Conductors choices of Cu/AL
 Conductor Fit based on Heavy Build, Resistance base on Bare Copper
 Skin Depth Calculation for AC Conductor Losses
 Temperature Dependent Resistance Calculation.  Adjusts Resistance “Dynamically”. 

Also applied to Skin Depth Calculation.
 Duty Cycle Dependent Core Loss Calculation
 Inductance Swing Limit
 Full/Single Layer Winding
 Full Winding Fill Flexibility
 Core Stacking including Partial Cores (Stack = 1.2 for Custom Height Increased by 

20%)
 Wire Stranding Available
 Temperature Rise Factor to simulate Air Flow or Lack Thereof
 Energy Cost Included for “Cost of Ownership” Calculation
 Turns and Wire Size are expressed as continuous functions, allowing for optimization 

techniques
 Sortable by output Columns
 .CSV output available for further filtering

http://www.MicrometalsAPC.com/design-software


Design Software

 Part Number, Wire Size, 
Number of Turns

 Rdc, Rac Factor, Cu Loss 
@Temperature

 Flux Density, Core Loss (both 
Line and Switching Frequency 
for PFC/Inverter application) 
L(0), L(@Pk Current) and DT

 Core, Conductor, Energy 
Costs

 Wound dimensions, Core 
Weight, Copper Weight

Outputs
 Inductance at Max Current
 Max Current
 Voltage Conditions for Ipp

Calculation
 Switching Frequency
 Line Frequency (for PFC)
 Ambient Conditions (Temp, 

Airflow)
 Winding Conditions (Al, Cu, 

Stranded, Full, Single 
Layer…)

Inputs



Design Software Basic Input Screen - PFC



Design Software Advanced Input Screen



Design Software Column Display Screen



Design Software Output Screen



2MHz PFC Example – High Ripple Current



2MHz PFC Example – High Ripple Current



Wrap Up
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