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Why High Frequency?

High Frequency Requirements for
Magnetic Materials

What Materials are Available?
Powder Core Materials

NiZn Ferrite Core Loss Comparison with
lIron Powder

Designing High Frequency Inductors
Comparing 500 kHz and 5 MHz Inductors
Comparing Geometry Performance
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For an equivalent “ON"/"OFF” voltage and

. 1
o<
ripple current, frequency P——

Cost can be reduced
Efficiency can be gained
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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 with frequency and power
— especially for resonant converter
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For most magnetic materials, Core Loss « AB?

LAl
AB )

L and Al are fixed by the design

A, (Effective core Cross Sectional Area) is fixed by the size of the
core

An Increase in Turns Reduces the Flux Density proportionally

To Increase N (turns) while maLintaining L , the permeability (1) must
be changed accordingly: u « v

If the permeability is cut in half, the Number of Turns increases by

V2, 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
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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”
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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

Permeability controlled by Insulation Level
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IRON POWDER

Power Conversion Materials
* 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

e 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

e Available in Iron Powder or 200C Materials

e Surface mount or Through-hole Applications

e Use with Round Wire or Helical Coils

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

¢ Fine-tuned inductance capabilities through gapping
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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

e Available in Iron Powder or 200C Materials

e Surface mount or Through-hole Applications

e Use with Round Wire or Helical Coils

e 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 — 5 pum 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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Core Material Originally designed in the
1950s

Initial applications:
High Q filters
Broadband transformers
Tuning Coils

Made from Carbonyl Iron Powder — 5 pum 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

Photo Courtesy BASF Germany
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=i 26 perm NiZn

~¢=10 Perm Carbonyl Iron Powder
85 perm NiZn

=150 perm NiZn

—#=190 perm NiZn
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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
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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

Pa

MICROMETALS MICROMETALS

POWDER CORE SOLUTIONS ARNOLD POWDER CORES




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 Welight, Copper
Weight
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(P)FCor(D)Cor(A)C D Min%L
Idc(A) average 10 Adc (E)cores, (T)oroids, (A)ll
L(H) 1.00E-05 H (F)ull or (S)ingle layer Winding
VL-on 36 V #Cores Stacked
VL-off 12V Max Temp Rise
Wire Strands
f(Hz) 500,000 Hz Temp Rise Factor
Full Ratio of ID used 0.45
D 0.25 Energy Cost (for LossS) 0.2 USD/kW-hr
Ipp 1.80 Ap-p Ambient Temp 50 C
# Good Designs 1,303 Continuous Use (for Loss$S) 0.5 years
Conductor Cost 2015-Apr-22 S 5,975.00 /1000kg Conductor Material (Cu/Al) Cu
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(P)FCor (D)Cor(A)C D Min%L
Idc(A) average 10 Adc (E)cores, (T)oroids, (A)ll
1.00E-05 H (F)ull or (S)ingle layer Winding
36 V #Cores Stacked
12V Max Temp Rise
Wire Strands
500,000 H:z Temp Rise Factor
Full Ratio of ID used 0.45
0.25 Energy Cost (for LossS) 0.2 USD/KW-hr
1.80 Ap-p Ambient Temp 50 C
# Good Designs 1,303 Continuous Use (for LossS) 0.5 years
Conductor Cost 2015-Apr-22  $5,975.00 /1000kg Conductor Material (Cu/Al) Cu

Prodno N(turns) AWG L(0A) L@10Adc Rdc(Q) RacFactor Bpk(G) Core Loss(W) Cu Loss{W) Total Loss(W) AT(C°) WndODmm WndIDmm WndHtmm Core$ Core$+Cu$ CoreS+CuS+LossSBare(mm)
MS-090060-2 16 12 11,57 10.00 0.003281 5.72 168.1 0.61 0.33 094 213 27.2 9.7 11.9 $0.21 $0.406 $1.23
T80-668 14 12 12.66 10.00 0.003109 5.76 181.4 0.60 0.32 092 215 24.7 8.4 14.0 $0.25 $0.436 $1.24
MS-107026-2 20 13 10.32 10.00 0.00601 5.01 90.2 0.27 0.61 0.88 17.1 30.7 11.0 12.4 $0.28 $0.485 $1.26
MS-106026-2 17 12 10.24 10.00 0.004631 5.66 78.9 0.27 0.47 0.74 13.1 31.2 10.5 15.4 $0.34 $0.607 $1.26
MS-092060-2 15 11 11.28 10.00 0.002729 6.31 154.4 0.62 0.28 0.90 183 284 9.7 13.6 $0.24 $0.483 $1.27
15 11 12.25 10.00 0.00264 6.25 167.0 0.60 0.27 0.87 183 28.6 9.5 12.6 $0.29 $0.514 $1.27
20 13 10.73 10.00 0.005467 4.92 126.3 0.32 0.55 0.87 19.8 27.6 11.6 $0.34 $0.517 $1.28
19 14 12.68 10.00 0.005737 4.44 205.2 0.56 0.58 114 325 23.7 9.3 9.7 $0.17 $0.282 $1.28
21 14 11.41 10.00 0.006126 4.74 1211 0.27 0.62 0.89 204 27.5 114 $0.34 $0.506 $1.28
19 14 10.85 10.00 0.006313 4.58 138.6 0.32 0.64 096 24.1 23.8 9.2 13.1 $0.29 $0.440 $1.28
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(P)FCor(D)Cor(A)C D Min%L
Idc(A) average 10 Adc (E)cores, (T)oroids, (A)ll
L(H) 1.00E-06 H (F)ull or (S)ingle layer Winding
VL-on 36 V #Cores Stacked
VL-off 12V Max Temp Rise
Wire Strands
f(Hz) 5,000,000 Hz Temp Rise Factor
Full Ratio of ID used 0.45
D 0.25 Energy Cost (for LossS) 0.2 USD/kW-hr
Ipp 1.80 Ap-p Ambient Temp 50 C
# Good Designs 934 Continuous Use (for Loss$S) 0.5 years
Conductor Cost 2015-Apr-22 S 5,975.00 /1000kg Conductor Material (Cu/Al) Cu
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(P)FC or (D)C or (A)C D
Idc(A) average 10 Adc (E)cores, (T)oroids, (A)ll
1.00E-06 H (F)ull or (S)ingle layer Winding
36V #Cores Stacked
12v Max Temp Rise
Wire Strands
Temp Rise Factor
Full Ratio of ID used 0.45
0.25 Energy Cost (for LossS) 0.2 USD/kW-hr
1.80 Ap-p Ambient Temp 50 C
# Good Designs 934 Continuous Use (for Loss$) 0.5 years
Conductor Cost 2015-Apr-22  $5,975.00 /1000kg Conductor Material (Cu/Al) Cu

Min%L

5,000,000 Hz

N(turns) AWG L(0A) L@10Adc Rdc(Q) RacFactor Bpk(G) Core Loss(W) CuLoss(W) Total Loss(W) AT(C®). WndODmm WndIDmm WndHtmm Core$ Core$+Cu$ CoreS+CuS+LossSBare(mm)
12 13 1.00 1.00 0.002717 15.11 315 0.05 0.28 0.34 13.2 21.3 5.7 10.1 $0.15 $0.243 $0.54
11 13 1.01 1.00 0.002295 15.00 45.0 0.13 0.24 0.37 16.7 19.0 4.9 9.6 $0.15 $0.225 $0.55
13 15 1.00 1.00 0.003492 13.07 38.1 0.06 0.36 042 19.6 18.5 5.4 9.1 $0.12 $0.186 $0.55
10 12 1.00 1.00 0.002035 17.71 25.9 0.05 0.21 0.26 9.0 21.9 5.0 14.0 $0.20 $0.328 $0.56
13 11 1.00 1.00 0.002034 18.73 29.3 0.05 0.21 0.27 8.6 24.9 8.1 10.9 $0.17 $0.331 $0.56
12 13 1.01 1.00 0.002348 15.31 43.3 0.13 0.24 0.37 154 21.3 5.6 8.6 $0.16 $0.240 $0.57
10 12 1.01 1.00 0.001799 17.31 37.2 0.12 0.19 0.31 119 21.8 5.1 10.6 $0.19 $0.295 $0.57
14 14 1.00 1.00 0.003584 13.31 36.6 0.06 0.37 043 18.2 20.8 6.1 8.1 $0.13 $0.199 $0.57
10 14 1.00 1.00 0.003109 13.37 26.9 0.05 0.32 0.37 145 21.6 3.8 9.9 $0.18 $0.250 $0.58
12 14 1.00 1.00 0.003109 14.47 29.9 0.05 0.32 0,37 146 21.1 5.8 9.9 $0.20 $0.287 $0.61
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500 kHz
Prodno MS-090060-2
A(in) 0.90
C(in) 0.30
N(turns) 16.17
AWG 12.07
L(0A) 1057
L@10Adc 10
Rdc(Q) 0.0033
RacFactor B 7
Bpk(G) 168.10
Core Loss(W) 0.61
Cu Loss(W) 0.33
Total Loss(W) 0.94
AT(C?) 21.31
WndODmm 27.16
wndIDmm 9.67
WndHtmm 11.92
Core$S 0.21
CoreS+CusS 0.41
Core$+CuS+LossS 1.23
CuGrams 15.44
MICROMETALS PartGrams 10.85 MICROMETALS
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(P)FCor (D)C D
ldc(A) average 1 Adc
L(H) 1.00E-06 H
VL-on 36V
VL-off 12V

f(Hz) 10,000,000 Hz
D 0.25

Ipp 0.90
# Good Designs 1,460

Min%L

MinCircMil/Amp

(F)ull or (S)ingle layer Winding
#Cores Stacked

Max Temp Rise

Wire Strands

Temp Rise Factor

Full Ratio of ID used
Energy Cost (for LossS)
Ambient Temp
Continuous Use (for LossS)

Conductor Cost 10/15/13 S 6,490.00 $/1000kg Conductor Material (Cu/Al)
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0.2 USD/kW-hr
40 C
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12.7x12.7x4.9mm 12.7 x12.7 x 6.1mm T50-2
5.5turns Flat Wire 6.5 tgrpg,!il_a_t Wir;e_ 14 turns 2 x 24-AWG
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——p==T50-2 14 turns 2x24-AWG
== T30-2 15turns 24-AWG
HC127B35A-02000 / IC127H14E-020 5.5 turns Flat Wire
=== HC127B47A-02000 / IC127H14E-020 6.5 turns Flat Wire
=== HCO065B16A-02000 / IC065B07C-020 8.5 tums 32-AWG
HCO65B22A-02000 / 1C065B07C-020 8.5 turns Flat Wire

10
Frequency (MHz)
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= 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.

Pa

Z MICROMETALS MICROMETALS

POWDER CORE SOLUTIONS ARNOLD POWDER CORES




