Breakthrough in Power Magnetics Materials
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With the advancements in Gallium Nitride (GaN) and Silicon Carbide (SiC) materials in the last 5 - 10
years there has been renewed interest in advancements in magnetic materials for power inductors and
transformers. The last few years at the Applied Power Electronics Conference and Exposition (APEC)
there have been more intense discussions regarding the future of power magnetics materials.
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Incremental Improvements in Magnetics Core Materials
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The ferrite and powdered core manufacturers have been making incremental improvements to their
various materials in the last few decades. The saturation flux densities of ferrite materials have
increased and core losses for both ferrite materials and powdered core materials have been reduced in
general. Figure 1. compares the core losses for 3C90 ferrite (released in early 90°s) with various ferrite
materials released up until 2014. The graph clearly shows the incremental reduction in core loss from
3C90 to 3C98. However, even with these improvements design engineers are always asking for further
improvements in core materials.
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Power loss comparison
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Figure 1. Core losses from Ferroxcube 3C96 - 3C98 Brochure
&1 Ferroxcube 3C96 - 3C98F- M 45 Hi IR A 514



For some time now, design engineers desired the soft saturation characteristics of a powdered core, but with the core
losses closer to those of a power ferrite material. Design engineers presently either have to use ferrite cores with a
large gap, litz wire, and implement construction methods to deal with the fringing flux losses or use powdered cores
and deal with the high core losses. Some have used hybrid solutions where they used one ferrite E core half and one
powdered E core half, but those have been in the minority.
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New MAGMENT Core Material
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In 2016 MAGMENT (MAGnetic ceMENT) introduced a novel core material that has the highly
desired combination of soft saturation characteristics of powdered core material and an almost 60%
reduction in core losses when compared to SiFe powdered core materials. This material is a patented
concrete with magnetizable particles embedded in a cement matrix manufactured in a pressureless
process. Furthermore, the magnetizable particles are actually recycled ferrite with carefully selected
characteristics. The features of this MAGMENT material are:
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e Permeability in the same range as powder core materials
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e High DC-bias capability
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e Saturation reached only at very high fields
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e Very low core losses
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e Very high thermal conductivity to efficiently dissipate heat
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e Concrete-like mechanical robustness in a very broad temperature
range
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MAGMENT’s first released material has a permeability of 40 and is designated as MC40. The
material details are shown in Figure 2. MAGMENT in 26 (MC26) and 60 (MC60) permeabilities are
being developed now and will be released later in 2017.
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VIS % [initial permeability 25°C n 40 + 10%
Yy — =
ngﬁ R é?H 25kh/m Flux density @ H=25 kA/m (314 O2) 1159(;: 2” {2:: ;;3
S B 7 [coercitive field strength 25°C He [A/m] 270
Ji B |curie-Temperature T, ["C) > 210
BEAT [Resistivity oC D (€2 m) 20
B |Density y [kg/me) 3750
XTI R R B [relative loss factor @1 MHz tand/pi (107 < 0.5
FE IR R 25 Ill_dative temperature coefficient -40°C...150°C F [10°%/¢] < 50
T e H E IH\EIERSiS material constant 10kHz Mg [10°%/raT] <3
v 7 AR 4 m (500 Lo B
ﬁgﬁ% )< W3 A D{-Bias (percent permeability change) gsk:?; ﬂ 51}2: 0: il:::l ::::
FHX G [Realtive core losses @ 50kHz, 100mT P, [kWi/m*] 300
b4 specific heat = kg K] 700
SR Thermal conductivity X (W) 3
1 G & Young's modulus E. [MPa] 25000
PR |Compressive strength f. [MiPa) =50
Prik R E Tensile strength f; [MPa] 2
Ak E N Lirear expansion coefficient Alfl 10°/¢ 12

For further information on the MAGMENT MC40 material refer to the full datasheet.
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Figure 2. Technical Data for MAGMENT MC40 material grade
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MAGMENT not only created a material with soft saturation characteristics and lower core losses, but
the MAGMENT material allows for the reduction of manufacturing costs and therefore, overall power
inductor costs. Traditionally large power inductor designs are wound around a large powdered toroid or
on a bobbin with E cores then inserted in to the wound bobbin. In other words, the winding follows the
core geometry. For some larger power designs, the finished inductor is then placed in an aluminum case
for optimal heat dissipation and encapsulated with an epoxy that has some thermally conductive
capabilities. This is especially done with inductors that will be exposed to harsh environments.
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On the contrary, when using MAGMENT material the appropriate air coil is designed, along with the
appropriate Aluminum box, and then the MAGMENT material is simply poured over the air coil that is
centered in the Aluminum box. This ensures a complete magnetic filling of the available volume within
the housing yielding maximum performance and cooling. With a MAGMENT design the core geometry
follows the winding. As compared to the conventional manufacturing of winding around cores and
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sealing with a potting material, the flowability of MAGMENT materials allow for simple “wind and

magnetic pour” process, which goes along with absolute shape and size flexibility. This allows to both
tailor components to minimize material utilization and to any given space constraints by a special
magnetic design algorithm yielding lowest cost as compared to any other inductive technology.

L HIMAGMENTAT RS T RUBTIRN,  HFR AR (2 2 S anthl s e stit,  JF4s
MAGMENTH R} a7 B SRAE A S 5e h SR 2 D R ] BRI XA Ok 1 REVERRHE Fe ik A iA 2
HAg KRR, IR S I PERERTA AR . SRIIMAGMENT it i, #EC (1 LT AR
Bk T 52k 7. GG IHIE TR b, BRI SRECSei| O FH HEE AR B2,
MAGMENTH REAS B BA B sh P45 1) 5100 “ Semb| M PR ReIE " T2 RON T RE,  [RII Ai7 R 4
XEEARFIRSE Rad e H A ) O e f AL R R vl e D R B, DU LA 1Y
BENE BT SR ORAT B st T 2 T PR B, 45 21 AT ] H At P SRR A AR [ B AS

AN -1

il
@
=
P2



See figure 3 for an example of a MAGMENT power inductor. The design algorithm can minimize either cost or
total losses.
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Figure 3. MAGMENT inductor (left) depicting its magnetic material shape (right)
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With this proprietary design algorithm MAGMENT optimizes the electrical design and core geometry
which results in the typical inductance vs. current curve shown in figure 4.
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Figure 4. Inductance vs. Current of geometry optimized MAGMENT inductor
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Comparing a Traditional Power Inductor to a MAGMENT Power Inductor
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A customer approached MAGMENT with the traditional inductor shown in Figure 5. It used a SiFe 40u
toroid with an inductance of 34 uH @ 30A peak. This inductor had the following mechanical dimensions: 45
mm X 45 mm x 28 mm and the customer requested a MAGMENT inductor with the same mechanical
dimensions, less overall losses, and a reduced cost.
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Figure 5. Traditional inductor using SiFe 40u - 34pH @ 30Apeak
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Additional data on the traditional inductor the customer provided is shown in Table 1.
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LOSSES [W] WEIGHT [g]

ACR [mOhm]
p | N |le[mm]|Ae [mm?]|DCR[mOhm] @ 75 kHz B[mT]| Core| DCRLOSSES | ACRLOSSES | Total | Core | Coppe-
Traditional Inductor | 40 | 34| 81.5 67.2 10 566 45 |1.20 4.49 0.41 6.10 39 50
G R Te |
Table 1. Technical data for Traditional inductor using SiFe 40.
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The MAGMENT design team used the proprietary design algorithm mentioned earlier and developed
a MAGMENT inductor very similar to the one shown in Figure 6. The final MAGMENT inductor met
the requested mechanical dimensions of 45 mm x 45 mm x 28 mm and had an almost 18% reduction
in overall losses. Equally a important, the MAGMENT inductor is approximately 25% less in cost.
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Figure 6. Typical MAGMENT inductor using MC40 40p
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Table 2 compares the MAGMENT inductor to the traditional inductor in detail. One of the first things to
note is that the turns of the MAGMENT inductor are reduced by almost 60% and this is possible because
of the large core area of the MAGMENT inductor. Consequently, the flux density of a MAGMENT
inductor was reduced by 74%. This is possible because as mentioned earlier with a MAGMENT design
the core geometry follows the winding. Finally, the core loss of the MAGMENT inductor is only 0.06 W
while the traditional inductor had 1.20 W of core loss. This large reduction in core loss in the
MAGMENT inductor results in the almost 18% reduction in overall losses.
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LOSSES [W) WEIGHT [g]

ACR [mOh
p | N |le [mm]| Ae [mm?]|DCR [MOhm] @;r:kH:‘] B [mT]|Core| DCRLOSSES | ACRLOSSES | Total | Core | Copper
Traditional Inductor | 40 |34 | 81.5 | 67.2 10 566 | 45 |1.20 4.49 0.41 610 | 39 | 50
MAGMENT Inductor | 40 | 14 | 102 602 10 685 12 | 006 4.49 0.49 505 | 176 | 31
& 45 W BT A
MAGMENT Fg & 7o 14

Table 2. Traditional inductor and MAGMENT inductor comparison - 34uH @ 30Apeak
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The inductance vs. current graph in figure 7 clearly shows that the performance of the MAGMENT inductor at peak
current is equivalent to the traditional inductor.
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Figure 7. Inductance vs. Current comparison of MAGMENT and Traditional Inductor
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Further Analysis
NGy

While reviewing table 2 it is evident that this particular MAGMENT inductor will weigh more as a result
of the MC40 material which weighs more when compared to the SiFe material. In the above comparison,
if the size of the inductor was not a constraint then the losses of the MAGMENT inductor could be
further reduced. It is important to note that since a MAGMENT inductor generally will have more surface
area than a traditional inductor the MAGMENT inductor can have higher DCR and yet have less
measured temperature rise. In this comparison the traditional inductor has a calculated thermal resistance
of 24.6 °C/W which results in calculated temperature rise of 150°C. On the contrary, the MAGMENT
inductor has a calculated thermal resistance of 7.3°C/W which results in a calculated temperature rise of
37 €. MAGMENT inductors tested by customers in their application circuit have shown the benefits of
the larger surface area and resulting reduced temperature rise.

MR 2R, HSiFeMEHHEL, HTMCAOMEIREEE K, 1R X PR € FIMAGMENT
BT EE . £ LB, R RS AERRN—N2R %, BAMAGMENTH
FEHIFRRE AT AP PG, FHEVEEAE, T MAGMENT B T () 2 T ARGE b A% 4t Fi ot
HRIRE R, ATAMAGMENT HLUERT DLE A B S IDCR,  (H 2 A3 IR T+ E Bk . fEX Tk,
A& 45 H SR R IABE T BB O 24.6° CIW, THEH FIRE T N150° Co #HEEZ T, MAGMENT HLJE [ #4
FHATSHAE AT7.3° CIW, THEHFRFAN37° Co % 78 H N A I I MAGMENT H
ZRYH T RR AT ORI AL, LA i 7 SR IR T BFIG _
AN - 1 H110,



Conclusion
g

The proprietary magnetic design algorithm is a powerful tool that the MAGMENT design team utilizes to
completely optimize MAGMENT inductors for all types of applications. Future application notes will
discuss total losses further and the magnetic design algorithm in more detail. The MAGMENT material is
a magnetic material that is revolutionary and as mentioned in beginning of this application note has the
following features:
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Permeability in the same range as powder core materials
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High DC-bias capability
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Saturation reached only at very high fields
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Very low core losses
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Very high thermal conductivity to efficiently dissipate heat
Concrete-like mechanical robustness in a very broad temperature range
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In general, lower costs when compared to equivalent traditional inductors.
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