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Why Move to Higher Switching Frequency?
Smaller Inductors, Lower Cost, Greater Efficiency

� For an equivalent “ON”/”OFF” voltage and 
ripple current, ��������� ∝ 	
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� Cost can be reduced

� Efficiency can be gained



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 with frequency and power 

– especially for resonant converter



Why Low Permeability?
For a given material system:

� For most magnetic materials, ����	����	 ∝ 	∆��
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� � and ∆" are fixed by the design
� #� (Effective core Cross Sectional Area) is fixed by the size of the 

core
� An Increase in Turns Reduces the Flux Density proportionally
� To Increase $ (turns) while maintaining � , the permeability (%) must 

be changed accordingly:		% ∝
�

 &

� If the permeability is cut in half, the Number of Turns increases by 
2, the flux density decreases by 2, and the Core Loss  is cut in 

half.
� Proper permeability selection is a useful tool in balancing Core 

Loss and Conductor Loss



What Material Options are Available?
� MnZn Ferrites

� Loses effectiveness at greater than 1 MHz due to “low” bulk resistivity
� Requires discreet gap to reduce effective permeability – Gap losses
� Low Bsat (< 0.5T)
� Temperature Limited (<100°C)– Low Curie Point

� NiZn Ferrites
� Increased bulk resistivity – effective to 100 MHz
� High hysteresis loss
� May Still requires discreet gap to reduce AC permeability – Gap losses
� Low Bsat (<0.5T)

� Powder Core materials – Carbonyl Iron
� High Bsat (>1T)
� Distributed Air Gap – Low Permeability, No discreet gap
� Low Hysteresis and Eddy current Loss
� Effective past 100 MHz
� Temperature Limited (<100°C) – Thermal Aging

� Air Cores
� Infinite Bsat
� Zero Core Loss 
� Large and “Leaky”



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 – 5 µm or less

� 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
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NiZn Ferrite vs. Carbonyl Iron Powder Core
(Core Loss / cycle) vs. frequency

UngappedToroid Data
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How do we Design a Suitable Inductor?
Design Software Overview

� Custom Built, Excel 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, 
Customize Alloys

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

� Currently available internally, with Excel output 
supplied to Customers.

� Plans in place to develop web-based equivalent



Design Software Features
� Instantaneous Display of #Good Designs
� Conductors choices of Cu/AL
� Conductor wire cost based on LME Calculation
� 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.
� Inductance Swing Limit
� Full/Single Layer Winding
� Full Winding Fill Flexibility
� Core Stacking including Partial Cores
� 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



Design Software Outputs
� 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 ∆T

� Core, Conductor, Energy Costs

� Wound dimensions, Core Weight, Copper 
Weight



DC Buck Design Example Input Parameters:
500 kHz Switching, 48V to 12V, 10Adc output



DC Buck Design Example Output:
500 kHz Switching, 48V to 12V, 10Adc output



DC Buck Design Example Input Parameters:
5 MHz Switching, 48V to 12V, 10Adc output



DC Buck Design Example Output:
5 MHz Switching, 48V to 12V, 10Adc output



DC Buck Design Example Output:
500 kHz vs. 5 MHz



DC Design Example
10MHz Switching Frequency



Geometry Options
Surface Mount Geometries



Geometry Options
DC Design Example

10MHz Switching Frequency - 1µH Inductor Solutions

12.7 x 12.7 x 4.9mm

5.5 turns Flat Wire 

12.7 x 12.7 x 6.1mm

6.5 turns Flat Wire 

T50-2

14 turns 2 x 24-AWG

6.5 x 6.5 x 2.3mm

8.5 turns 32-AWG

6.5 x 6.5 x 2.9mm

8.5 turns Flat Wire 

T30-2

15 turns 24-AWG



Geometry Options
DC Design Example

Q vs. Frequency – 1µH Inductor Solutions
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Wrap Up
� The move to higher switching frequencies in 

SMPS will proceed due to smaller size and 
greater efficiency

� Lower Permeability materials are better 
suited for higher switching frequency, as 
they help balance the Core and Conductor 
Losses while eliminating the need for 
discrete gaps

� RF Iron Powder materials are a suitable 
choice for inductive components used at 
high switching frequencies.


