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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
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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
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Distributed Air gap
Discrete gap not required — minimal Fringing

Eddy Currents restricted to flowing within
particles

“Soft” Saturation

Flexible Material Choices
Bsat
Losses

Permeabillity controlled by Insulation Level
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IRON POWDER

Power Conversion Materials
e Permeabilities up to 100
» Most cost effective magnetic material, high
saturation characteristics and moderate losses
= Typical applications between line frequency and 20MHz
= Wide range of geometries and sizes
« Predictable thermal aging characteristics

200C SERIES™

High Temperature Alloy Powders
= Nickel and non nickel alloy powders

» Permeabilities up to 125

» Low loss materials and high saturation
« No thermal aging concerns
 Operating frequencies up to 5SMHz

= Wide Range of geometries and sizes
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IRON POWDER

Radio Frequency Materials

= Carbonyl powders

= Permeabilities typically less than 10

« High Q, low loss and very linear with frequency
« Applications up to GHz

= Wide range of geometries and sizes

MICROCUBES

Low Profile/High Power Geometries

« Available in Iron Powder or 200C Materials

= Surface mount or Through-hole Applications

» Use with Round Wire or Helical Coils

= Similar power densities to integrated coil/core with
greater material options

» Fine-tuned inductance capabilities through gapping
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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
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= 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
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= Graph showing improvement in stability through
reflow solder process
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= Graph showing improvement in stability over long
term exposure to elevated temperature
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SUPER-MSS™ (MS)

Sendust Powder

e Iron, Silicon, Aluminum alloy powder
material

= Permeability from 14 to 160

= Low Magnetostriction for audibly quiet
applications

« Cost effective low loss material

= Operating frequencies up to 500KHz
« No thermal aging concerns
» Wide selection of toroids, E-cores and blocks

FLUXSAN™ (FS)

Silicon Iron Alloy

« Silicon, Iron alloy powder material

= Permeability from 14 to 90

« High saturation characteristics

* Low losses <300kHz

= Various geometries and sizes available

< No thermal aging concerns

= Operating frequencies to MHz

= Wide selection of toroids, E-cores and blocks
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HIGH FREQUENCY SENDUST (SH)

New Sendust Powder for GaN and SiC
e Iron, Silicon, Aluminum alloy powder
material

» Permeability from 26 to 125

» Low Magnetostriction for audibly quiet
applications

« Cost effective low loss material

= Operating frequencies up to 5 MHz -
Developed for GaN and SiC Apps

« No thermal aging concerns

» Wide selection of toroids up to 100mm

OPTILLOY™ (OP)
Optimized Alloy Powder
« Hybrid Alloy System

e Permeability from 14 to 125

= Optimized for Low Loss and High Saturation

» Cost effective low loss material
= Toroids available to 132mm

MOLYPERMALLQY (MP)

MPP Powder

= Nickel, Iron, Molybdenum alloy powder
material

e Permeability from 14 to 205

« Very low loss powder material
e Operating frequencies <200kHz

« No thermal aging concerns
= Wide selection of toroids up to 132mm

HI-FLUX™ (HF)

Nickel Iron Powder

« 50/50 Nickel, Iron alloy powder material
» Permeability from 14 to 160

= High Saturation characteristics

* Moderate losses <200kHz

« No thermal aging concerns

= Toroids available to 132mm

MICROMETALS

ARNOLD POWDER CORES
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H FREQUENCY SENDUST (SP

New Sendust Powder for GaN and
e Iron, Silicon, Aluminum alloy powder
material

» Permeability from 26 to 125

» Low Magnetostriction for audibly quiet
applications

« Cost effective low loss material

= Operating frequencies up to 5 MHz -
Developed for GaN and SiC Apps

« No thermal aging concerns

= Wide selection of toroids up to 100mn

OPTILLOY

Optimized Alloy Powder

« Hybrid Alloy System

e Permeability from 14 to 125

= Optimized for Low Loss and High Saturation
« Cost effective low loss material

= Toroids available to 132mm

MOLYPERMALLQY (MP)

MPP Powder

« Nickel, Iron, Molybdenum alloy powder
Material

= Permeability from 14 to 205

 ’ery low loss powder material
e Jperating frequencies <200kHz

« No thermal aging concerns
= Wide selection of toroids up to 132mm

HI-FLUX™ (HF)

Nickel Iron Powder

« 50/50 Nickel, Iron alloy powder material
» Permeability from 14 to 160

= High Saturation characteristics

* Moderate losses <200kHz

« No thermal aging concerns

= Toroids available to 132mm
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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

Avallable in 26, 60u and 125u
Available in toroids up to 100mm diameter
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Initial Perm vs. DC Bias - Sendust 60u vs. High Frequency Sendust 60p
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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
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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
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http://www.MicrometalsAPC.com/design-software

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...)
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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 AT

Core, Conductor, Energy
Costs

Wound dimensions, Core
Weight, Copper Weight
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Micrometals Inductor Design Tool

Input main parameters and click “Submit™ button at bottom of page to calculate winding suggestions. Advanced table can be expanded to fine tune
design critena

Micrometals believes the information contained within the software and results generated by the software to be accurate. It is important to note that the
default settings can be altered and unacceptable designs generated. Before using this product, the user agrees to determine suitability of the product
for their intended use or application. Neither Micrometals Alloy Powder Core Division nor Micrometals Incorporated shall be liable for any loss or
damage, including but not limited to incidental or consequential damages as a result of the use of this software

"Help" pop-ups are located next to each input cell. Further application and technical support is available from Micrometals as well assistance on the use
of this software, please contact your local representative or Micrometals Anaheim Califomia headquarters at Applications@Micrometals.com.

Unit price is an estimate and intended to demonstrate relative prices between matenals and sizes and provide design engineer value judgment and is
not a procurement offer. Detailed unit pricing and as well as samples for evaluation can be directed to Sales@Micrometals.com.

Any feedback on the software would be greatly appreciated, please send comments to Applications@Micrometals.com.
Load Previous Run:
100W PFC 125kHz - August 12, 2016 11:56 v

Parameters

Name: 100W PFC 125kHz

-
L@ () Swiching
2
Current (A) L Fundamental: [k

METALS
. ———




Advanced

. Full Ratio of ID

i ; - Energy Cost -
/i \
Winding Single Layer ($/kW-hr) 0.2

o it —1 -

Max Temp Rnise Continuous Use
(°C) (years)
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Manage Columns

Calculator automatically defaults to show essential results (Part number, Number of tums, LO, Ldc , Core Loss, Conductor Loss (W) and Temperature
Rise.) Display cntena can added or removed below. Please note, exportable file contains all columns.

Hidden Displayed

Conductor Loss (W) Part #

Core Loss (W) N

MLT (cm) AWG

SA (cm2) LO (pH)

Ae (cm2) Ldc (pH)

Le (cm) Total Loss (W)
Ve (cm3) DT (C)
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Submit

All Data

Results:

Ipp: 3.2
Good Designs: 615

Color Legend
Micrometals Alloy Powder Core
Micrometals Iron Powder Core

dEER-=E P

LO Ldc Total Loss DT RDC A C
H)  (H) w) © @ @ @@ %=

MS-157014-2 14 24 2506 250 1.826 201 047 157 057 $0.73
MS-134014-2 103 24 250.71 250 1.973 235 0557 13 0709 $0.63
MS-133014-2 1151 25 2509 250 219 296 0685 13 0551 $0.52
MS-130026-2 97 24 25227 250 2321 349 0344 13 042 $0.41
MS-132026-2 95 24 25221 250 2312 34 13 04 $0.42
MS-141026-2 23 25206 250 2273 141 0412 $0.45
MS-108026-2 25 25241 250 2.397 1.06 0.551 $0.40
MS-133026-2 23 25175 250 2.208 £ L 13 0551 $0.52
MS-109026-2 24 251.93 250 1.06 0.709
MS-135026-2 25 25309 250 0.35

Part # N AWG

MS-141014-2 26 251.06 250 0.412

MS-185014-2 22 25041 250 . s 06
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Load FPrevious Run:
100W PFC 125kHz - August 12, 2016 13:12

Parameters

Name: 100W PFC 2MHz High Ripple

Topology
o

Peak Inductor
Gt

Vs min. (V)

Advanced

Min %L L]
Part Type JEREIGT
Winding Single Layer

#Cores Stacked

Max Temp Rise [
(°C) -

Wire Strands

f (Hz) Switching:

Fundamental:

e
used I

o S
(S/kW-hr) i

At T ()

=
(years) i




Results:

Ipp: 3.2
Good Designs: 257

Color Legend
Micrometals Alloy Powder Core

Micrometals Iron Powder Core

Al B

LO Ldc Total Loss DT RDC A C Total Core($) + Cond($) + A
o N ANG  4H)  @H) ) © @ @ @@ O g Loss($)

T94-2 45 20 1563  1.055 278 0055 0942 0312 16.4 $1.24
T80-7B 46 22 1563 1.05 312 0075 0.795 0375 L 131 $1.26
T94-17 72 24 1563 097 277 0209 0942 0312 13.7 $1.29
T94-6 493 21 1563 0959 26 0942 0.312 15.9 $1.30
T106-2 35 18 1563  0.898 1.06 0437 L 31.2 $1.34
T94-10 58 23 1563 0878 0.312 14.8 $1.41
T106-17 5 22 1563 0.718 . 0.437 26.4 $1.42
T106-7 37 18 1563 0837 : 0.437 I 30.6 $1.43
T130-2 39 16 1563 0.831 : 0.437 474 $1.50
T106-6 38 19 1563 08 : 0.437 30.3 $1.52
T130-17 61 20 15.63 { : 0.437 : 38.8 $1.61
T130-7 41 16 15.63 : : 0.437 2 46.4 $1.64
T94-14 J81 K9 15.63 : 0.312 18 $1.76
T130-6 42 17 15.63 ! 0.437 $1.78
T106-14 30 17 15.63 ! 0.437 $1.90
T157-2 34 13 15.63 : 0.57 $2.07
T130-14 330 M5 15.63 : 0.437 $2.12

T157-17 54 17 15.63 : 0.57 $2.35 METALS

T47E D 42 1E £2 nEer (wi~w] LO POWDOER CORES
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