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/5 years later...
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Pack Litz Wire. (2018, Jan 5). HF litz wire as a permanent impulse driver for automotive solutions [Online]. Available: URL

https://www.packlitzwire.com/applications/automotive-industry/

C. Sullivan, “High-frequency magnetics design: overview and winding loss”, in Conf. APEC, Long Beach, CA, 2016
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more than you expect .

The trend We=-
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= Switchers are getting faster
= Everybody wants their power supply smaller
= SiC and GaN hold the promise to go faster still
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The problem WE—-
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Size limit depends on losses — coil and core
= Winding losses increase with frequency
Winding losses increase with layers

High frequency eddy currents
— Skin effect
— Proximity effect

Inductors are worse than transformers

05.01.2018 | GSI | Public APEC 2018 — Litz Wire — When is it an Advantage?

© All rights reserved by Wurth Electronics, also in the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us.




A possible solution W
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= One possibility is Litz wire
= Smaller diameter strands help mitigate skin and proximity effects
= High number of strands is counter productive after a point

Image: Rubadue Wire
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What is Litz wire? o=
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Litzendraht — German — from litze braid, cord, lace + draht wire
Enamel coated magnetic wire with a special twist pattern
Each strand varies its distance from the center of the bunch

This helps distribute the currents, helping to cancel proximity
effects

Individual strands must be smaller than the skin depth
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Types of Litz wire

Type 1 — base bundle
Type 2 — bundle of bundles
Type 3 —bundle of insulated type 2
Type 4 — bundle of type 2 with a core
Type 5 — bundle of insulated type 2 with a core
Type 6 — bundle of type 4 with a core
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Images: Rubaduewire.com
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Types of Litz wire

Type 7 rectangular braid
Type 8 rectangular twisted

Single, Double and Triple insulat
To meet safety standards
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Conservation of energy WE=-

WIURTH ELEKTRONIK

= Electric current, like most people, always takes the easiest path available that
results in the lowest expenditure of energy.

= At DC and low frequencies this is by minimizing I°R losses which results in
uniform current distribution

= At high frequencies it is by minimizing
inductive energy - that is energy
transferred to and from the magnetic
field generated by the current flow even!
if that results in higher I°R losses. This
results in higher currents near surfaces.

Image: 99percentinvisable.org
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more than you expect .

Skin effec WE=-
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Skin effect W=
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= Skin depth is defined as the point where the current
density has fallen to a value of 1/e (Euler’'s number) or
36.78% of the surface density.

P 1.724-10°° 66
0= _ _
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Proximity effect

Two wires with current flowing
in the same direction
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Two wires with current flowing in
the opposite direction




Current in an inductor coil WE -
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=For thick conductors d > 0

= Along a winding layer the
current concentrates on the
outer facing surfaces.

= With inductors the H-field
Intensity increases with each
layer and then there is the gap

Current density H-field intensity 14
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more than you expect .

Proximity effect in litz wire W=
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Single side strand External field One strand open
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In 1966 Dowell...
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Reference: P.L. Dowell, “Effects of eddy currents in transformer windings”, Proc. Inst. Elect. Eng., vol. 113, no. 8, pp. 1387-1393, 1996
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Basic equation WE—
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R { sinh(24)+sin(24) 2(N?=1) sinh(A)—sin(A) }

F="w=4
" R, cosh(2A)— cos(2A) 3 cosh(A)+cos(A)

=GN

d = wire diameter

3
4

p = wire pitch
O = skin depth
N = number of layers N litr — N - \/Z , Where k = number of strands

M. Kazimierczuk, High-frequency magnetic components, 2" ed. Singapore: John Wiley & Sons, 2014, pp. 306-351.
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more than you expect .

Dowell’s curves s W/ ==
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Optimal thickness W=
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Layer Loss relative to DC Loss
100.00 -
10
9
8
—
10.00 - —6
5
e
S —
} 3
|79
—1
—1
1.00 4
0.10 T 1
0.1 1 10
@= h*F/ /8
05.01.2018 | GSI | Public | APEC 2018 - Litz Wire — When is it an Advantage? 19

© All rights reserved by Wurth Electronics, also in the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us. www.we-online.com



Nominalized Fr

Nominalized AC to DC Resistance Ratio (Fr)
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AC Loss Measurements We—-
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Total AC Power Loss vs. Frequency
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Wurth AC Loss Model WE -
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= Not based on the known Steinmetz models with sinusoidal excitation

= Derived and validated from measurements of the power inductors in a
switching controller set-up.

= The losses are based on current and voltage waveforms typical in
applications.

= Also include the losses arising from the specific geometries of the
inductance, such as the air gap.

= AC loss model covers the duty cycle range from 10 to 90 percent and the
switching frequency range of 50 kHz to 5 MHz.
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Buck Converter
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# Start Wirth Elektronik Group George ¥ [# English ~

H
roweriniucr: REDEXPERT®

Filters: Series = WE-HCF X lnz10.0A % 5 items
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Elm_%___

Type =

7443630700 WE-HCF 2013 @ Single 7.00 pH 5.61 mQ 2.0A J0.0A 352 mW
7443630860 WE-HCF 2013 @ Single 8.60 pH 7.19 mQ 17.0A 250 A 287 mW
»
7443630700 7443630860 7443640680 ¥ Free Samples
WE-HCF - 2012 WE-HCF - 2013 WE-HCF - 2818
7.00 pH - 5.61 mQ 880 uH - 719 m 6.80 uH - 2.40 m = More._.
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Thank You

Questions ?
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