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OVERVIEW

• All Products Overview

• Current Powder Core Materials & Performance

• New Product Introduction

• EdgeTM for Compact Power

• Kool Mµ® Hf for High Frequency

• Boost PFC Design

• 350 W, 350 kHz
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MAGNETICS, INC PRODUCT LINES

Powder Cores
Magnetic alloy powder mixed with varying amount of insulation 
pressed (compacted) together

Strip Wound Products
Strips of magnetic  alloys (combinations of iron, nickel, cobalt, 
etc.) wound like rolls of tape

Ferrite Cores
Ceramic material made from oxides of iron, manganese and zinc pressed

together then sintered (fired)
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WHAT TYPES OF INDUCTORS?

• Components carrying DC Amps with high kHz ripple

• For cores, 50-60Hz same as DC

• Output chokes

• DC-DC, AC-DC, UPS

• Power factor correction

• Boost inductors

• LC filter inductors

• Flyback transformers
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WHAT TYPES OF CORES SUPPORT DC LOADS?

• Must Avoid Saturation 
(Bmax)

• Highest Bmax materials also 
have highest AC losses

• Use low permeability 
cores  µ = B/H

• Introduce air in magnetic 
path
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POWDER CORES HAVE SOFT SATURATION
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Hard Saturation materials must be kept safe 
distance away from rolloff.  Small shifts in 
rolloff curve, or in operating point, could have 
disastrous effect.  Curve shifts left as 
temperature increases.

Soft Saturation allows 
operation part way 
down curve.  Curve 
does not shift 
appreciably with 
increasing temperature.



POWDER CORE MATERIAL OPTIONS

• Powder Cores

• Nickel Based

• 80% Nickel – MolyPermalloy Powder (MPP)

• 50% Nickel - High Flux & Edge

• Iron Based

• FeSiAl - Kool Mµ®, Kool Mµ Max, Kool Mµ Hf (Sendust)

• FeSi – XFlux, High DC Bias XFlux

• Iron Powder

• Blends
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Kool 
Mµ® XFlux® High 

Flux 
MPP

Kool Mµ®

MAX

NEW
Kool Mµ®

Hƒ

NEW
Edge™

Alloy Composition FeSiAl FeSi FeNi FeNiMo FeSiAl FeSiAl FeNi

Available Perms 14-125 19-125 14-160 14-550 19-90 26, 60 14-125

Core Loss 
(mW/cc) 100 kHz, 1000 G

550 1280 625 450 550 325 375

Perm vs. DC Bias
(Oe) 50% of µi

95 170 185 105 130 115 205

Relative Cost 1x 1.2x 4x-6x 7x-9x 2x 2x 5x

Core Loss and Perm vs. DC Bias numbers based on 60µ performance

7 Powder Core Materials
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EDGE
TM

FOR COMPACT POWER



EDGE
TM

: FOR COMPACT POWER

• Material Composition: 50% Ni 50% Fe (same as High Flux)

• Optimized for high efficiency, high density designs

• 30-40% lower Core Losses and 25-30% better DC Bias vs. High Flux

Material Perm vs. DC Bias
(Oe)

Core Loss 
(mW/cc)

60µ 80% 50%
100kHz, 
1000G

50kHz, 
1000G

Edge 130 205 375

High Flux 101 185 625
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% Initial Permeability =        1
(a+bHc)

a b c

26µ 0.01 3.65E-11 3.192

60µ 0.01 9.20E-10 3.044

P = a (Bb) (fc)

a b c

26µ 227.54 2.209 1.27

60µ 211.51 2.309 1.28

Core Loss

DC Bias

B in Tesla, f in kHz

60µ Core Loss Density Graph shown

EDGE
TM 

: FOR COMPACT POWER
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KOOL Mµ® Hƒ
FOR HIGH FREQUENCY



KOOL Mµ® Hƒ: FOR HIGH FREQUENCY

• Material Composition: FeSiAl (Same as Kool Mµ/Kool Mµ MAX)

• Optimized for frequencies 300-500 kHz

• 30-35% lower losses compared to Kool Mµ

60µ Properties Test Condition
Kool Mµ 

Hƒ

Kool Mµ 

MAX
Kool Mµ

50 kHz 1000 G 135 200 214

Core Loss
(mW/cc)

100 kHz 1000 G 325 550 550

300 kHz 500 G 390 650 715

500 kHz 500 G 750 1300 1430

1 MHz 250 G 650 1000 1070

2 MHz 100 G 375 600 540

DC Bias
(Oe)

80% 60 65 45

50% 115 130 95
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KOOL Mµ® Hƒ: FOR HIGH FREQUENCY

% Initial Permeability =        1
(a+bHc)

a b c

26µ 0.01 3.56E-08 2.213

60µ 0.01 4.06E-07 2.131

P = a (Bb) (fc)

a b c

26µ
<500 kHz

38.10 1.774 1.423

26µ
>500 kHz

16.33 1.774 1.560

60µ
<500 kHz

52.45 1.781 1.287

60µ
>500 kHz

9.13 1.781 1.568

Core Loss

DC Bias

60µ Core Loss Density Graph shown
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Next Up - KOOL Mµ® Hƒ ULTRA

• R&D Status, expect 2021 Launch

• 30-35% Lower Losses than KOOL Mµ® Hƒ

60µ Properties Test Condition
Kool Mµ 

Hƒ ULTRA

Kool Mµ 

Hƒ
Kool Mµ 
MAX

Kool Mµ

Core Loss

(mW/cc)
100 kHz 1000 G 200 325 550 550

DC Bias

(Oe) 50% 100 115 130 95
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BOOST PFC DESIGN:
GENERAL METHOD

• Calculate Iout and min/max Duty Cycles 

• Examine inductor current

• Determine the AC ripple permitted – 25% for this example

• Inductance required to support worst-case V ripple (High Line Voltage)

• Highest current to be supported (Low Line Voltage)

• LI2 product---Select core

• Using the core chosen recalculate inductor currents

• Combine results to obtain waveform and RMS current

• Choose wire

• Calculate losses - Core losses + copper losses

• Estimate temperature rise

• Calculate and measure efficiency.

• Compare costs
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https://www.mag-inc.com/Products/Powder-Cores/Kool-Mu-Cores/PFC-Boost-Design
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BOOST PFC DESIGN – 350 W, 300 kHz

MinVV DCin 88

MaxVV DCin 264
DCo VV 400

VVd 1

Design Inputs

• Power = 350 W

• Input = 88 – 264 V DC

• Output = 400V DC

• Frequency = 300 kHz

• 25% Ripple
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Inductor Requirements

• 4 Amps rms at Low Line

• 203uH at 6.3 Amps peak

• LI2 = 8.14



PFC Choke, 350W at 300kHz
Core Comparison - all with 19AWG on 27mmOD, 60perm

Kool Mµ® Kool Mµ®MAX High Flux Edge™ MPP Kool Mµ® Hƒ

Turns (for 203uH at 6.3A pk) 77 63 57 55 68 66
Fill Factor 37% 30% 28% 27% 33% 32%
uH at 0 Amps 444.7 297.7 243.7 226.9 346.8 326.7
uH at 6.3A peak 202.1 200.3 201.5 201.5 201.4 201.3

Effective uH at Amps peak 45.4% 67.3% 82.7% 88.8% 58.1% 61.6%

DCR (mOhm) 90.7 72.8 65.2 62.5 79.2 76.6
Core Loss (W) 1.0 0.9 0.6 0.4 0.7 0.6
Copper Loss (W) 1.5 1.2 1.1 1.0 1.3 1.2
Total Loss (W) 2.5 2.1 1.7 1.4 2.0 1.9
Temp Rise (deg C) 46 41 33 28 38 36

Core Cost $0.41 $0.63 $1.54 $1.84 $3.10 $0.63
Copper Cost $0.28 $0.23 $0.20 $0.20 $0.25 $0.24
Total Cost $0.69 $0.86 $1.74 $2.04 $3.35 $0.87
Relative Cost 1.0 1.2 2.5 2.9 4.8 1.3

Comment
Perhaps

Undersized
Dec losses -16%
for +20% adder

Try Smaller Size? $$$
Dec losses -24%
for +30% adder



THANK YOU!

QUESTIONS?
COMMENTS?

SUGGESTIONS?

JOHN NOBLE , SALES  ENGINEER
MAGNETICS  D IV I S ION OF  SPANG &  CO.

JNOBLE@SPANG.COM
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