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Material Advances Enable New Generation
of Power Inductors

By Eliminating Organic Binder, Boosting Permeability and Insulation Capability,
New Power Inductor Material Lays Foundation for Higher Current Choke Coils

By Kenji Kawano and Jun Nakajima
TAIYO YUDEN CO., LTD

Designers building power inductors for today’s highly volume
mobile markets face a difficult dilemma. On the one hand the
market demands higher performance systems with additional
functionality running at higher current levels. On the other
hand it pressures product designers to squeeze that additional
functionality into an ever-smaller package. Take the smart
phone market as an example. Today's phones are rapidly
migrating from dual-core processors running between 1 and
1.5 GHz to quad-core processors running in excess of 2 GHz.
Handset designers, accordingly, need choke coils for power
supply circuits capable of supporting the higher operating cur-
rents used to deliver the phone’s new functionality. But at the
same time phone designs are becoming increasingly smaller
and thinner. So phone designers also need choke coils small
enough to fit within their phone’s shrinking footprint.

The same trends can be seen in tablet design. Today's custom-
ers demand larger, higher performance screens. But they also
expect lighter, thinner tablets. The original Apple iPad tablet,
for instance, was 0.5 inches thick. At 0.29 inches, the latest
iPad Mini is almost half as thick. Accordingly, tablet designers
need choke coils capable of supporting ever higher levels of
current, yet small enough to fit into the extremely low profile
used by today’s leading products.

Unfortunately those requirements run counter to traditional
principles of choke coil design. Typically choke coils are com-
prised of ferrite material. Since the saturation flux density of
ferrite is not very high, the DC bias characteristics decline due
to magnetic saturation when the choke coil is reduced in size.
As a result higher currents cannot pass through the choke.

That is why designers are turning to inductors that use com-
pacted metal powder made of high saturation magnetic flux
iron-based metal magnetic particles and an organic binder. In
these products the metal magnetic particles and the coil are
formed at the same time. Then the binder is solidified and
used to provide insulation between the metal particles.

Given the design trends in the mobile market, it appears clear
that demand will grow rapidly for a new generation of choke
coils that can deliver excellent performance characteristics in
a smaller footprint. But how can manufacturers find a way to
solve this problem and build the high performance yet com-
pact inductors mobile designer’s need?

To solve this problem engineers at TAIYO YUDEN developed
a new metal magnetic compacted powder material that does
not use an organic binder. Using this material the company
has developed a line of products that promises to meet both
the performance and small size requirements of mobile device
designers. This whitepaper will describe the new material and
how it is being used in the MCOIL™ metal power inductors..

NEW MICROSTRUCTURE

The most revolutionary aspect of the new material is that
it does not use an organic binder. Figures 1 and 2 below il-
lustrate the unique microstructure of this new material. The
powder is comprised of iron (Fe), silicon (Si) and Chromium
(Cr). The scanning electron microscope (SEM) image in figure
1 shows the absence of an organic binder in the microgaps
between the metal magnetic particles. A transmission electron
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microscope (TEM) image in figure 2 shows the gaps between
the particles where a thin oxide layer has formed on the sur-
face of the metal magnetic particles of the metal magnetic

powder material.

Figure 1. This SEM image shows the absence (black areas) of an
organic binder in TAIYO YUDEN'’s new metal magnetic compacted
power material.

TG Figure 2. A TEM image of the
new material illustrates the thin
oxide layer that forms on the
surface of the metal magnetic
particles in Taiyo Yuden'’s new
material.

Since the composition of the oxide layer is compatible with
the metal magnetic particles, it provides excellent insulation
characteristics for the metal magnetic particle surface. More-
over, the oxide layer features high crystallinity — there are no
defects in the oxide layer between adjacent metal magnetic
particles and the crystals are connected continuously to one
another. Given these qualities and the ability to control this
layer to between 100 and 200 nm thick, the oxide layer makes
it possible to secure the insulation and mechanical strength
between metal magnetic particles. This characteristic allows
the new material to offer excellent performance characteris-
tics for choke coil applications.

Performance Testing of MCOIL Material

To measure the benefits of this high-crystalline, thin oxide
layer on material characteristics for choke coil applica-
tions, engineers at TAIYO YUDEN tested the new material
in three ways: bending strength, insulation and magnetic
permeability. Details of the testing procedures and results
are presented in Appendix B at the end of this paper.

NEW MCOIL™ PRODUCTS

To address today’s increasingly challenging design require-
ments, TAIYO YUDEN has developed a new family of products
based on this new metal magnetic powder called the Metal
Power Inductors MCOIL line. The new devices feature a metal
magnetic core with permeability about 2X better than tradi-
tional composite type power inductors. It also features a Hi-y
shielded resin and wound wire on the core. The products will
be available in three series. The MC type are extremely low
profile devices capable of supporting current levels in the 2A
to 3A range. The MA type support slightly higher current lev-
els up to about 5A in a slightly larger footprint. Finally, the
larger MD type devices support even higher current levels in
the 6A to 7A range.

PERFORMANCE ADVANTAGES OVER
FERRITE-BASED DEVICES

The graphs shown in figure 3 illustrate the significant perfor-
mance advantage of a new MCOIL MDMK4040 type device
over a comparable ferrite-based NRS4012 type device. With
the ferrite device, inductance drops dramatically once DC Bias
exceeds 2A. Leveraging the advantages of its new metal mag-
netic powder, the MCOIL device exhibits far more stable per-
formance. As the first graph indicates inductance decreases
slowly as DC Bias increases from 2A to 8A. Clearly the MCOIL
device does not saturate as fast as the ferrite-based devices
allowing it to support higher levels of current.
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Figure 3. The left graph compares the inductance of the MCOIL device compared with its ferrite-based equivalent at various levels of
DC bias. The right graph depicts the saturation effects as DC bias is increased.

MULTIPLE ADVANTAGES

By combining the advantages of the metal magnetic material 4040T1R2 device occupies 56% less space in a compact 4 x 4
with advances in process technology, the new MCOIL prod- x 1.2-mm package. Similarly, the MCOIL 2.5 x 2.0 x 1.2 mm
ucts also offer substantial space savings over earlier ferrite- MAMK2520T1RO offers comparable performance to the 4.0
type products. For example, TAIYO YUDEN's ferrite-based x 4.0 x 1.2-mm ferrite-based NRS412TTRONDGG in a 69%
NRS6014T1R2MMGG devices come in a 6 x 6 x 1.4-mm foot- smaller footprint.

print. Offering equivalent performance, the MCOIL MDMK-

Ferrite type MCOIL™
6.0mm=6.0mmx1.4mm 56% 4.0mm=4,0mm=1.2mm
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Figure 4. Size reduction with equivalent electrical performance of MCOIL devices compared to ferrite-based equivalents
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MCOIL

Ferrite

Figure 5. RF emissions from an MCOIL device compared with equivalent ferrite-based device

Recently TAIYO YUDEN announced production of even lower
profile devices in its Metal Power Inductors MCOIL line. Tar-
geted at smartphones, tablets and SSDs, the MDKK1616 and
MDKK2020 devices are 1.64 x 1.64-mm and 2.0 x 2.0-mm
square respectively with a maximum height of only 1 mm.
TAIYO YUDEN is also offering a 2.0 x 1.64 x 1-mm device.

The new MCOIL line also offers significant advantages in
terms of RFI shielding. As the graphic below illustrates, the
emissions from a metal-based MCOIL MAMK2520T device
are far lower than a comparable ferrite-based alternative. This
characteristic improves performance and simplifies board de-
sign in multiple ways including reduced noise on other sur-
rounding circuits, minimizing efficiency loss when the shield
case or other components are near the power coil, and mini-
mizing crosstalk with other power coils. Extensive testing by

engineers at TAIYO YUDEN also highlights the inherent advan-
tages of the MCOIL inductors compared to competitors’ wire-
wound ferrite or metal type alternatives. As figure 6a indicates
below, MCOIL products offer a far more gradual decline in
DC bias characteristics than competitive wire wound ferrite
type products that typically feature a rapid drop off in perfor-
mance. This capability is central to MCOIL devices’ ability to
support higher current levels in smaller footprints. Moreover,
the new inductors demonstrate stable DC bias characteristics
against temperature (figure 6b). The MCOIL line also exhibits
significantly lower AC resistance and higher efficiency than
competitive wire wound ferrite products (figure 6¢).
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Figure 6. Performance comparison of MCOIL vs. ferrite-based wire wound equivalents shows dramatic improvements in
DC bias (6a), temperature (6b), AC resistance and efficiency (6¢).
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PERFORMANCE ADVANTAGES
OVER COMPOSITE METAL DEVICES

As discussed in the introduction to this paper, designers are
looking to find alternatives to ferrite-based inductors. And as
a result, there are now alternatives that use compacted metal
powder made of high saturation magnetic flux iron-based
metal magnetic particles and an organic binder. As this paper
has shown, the MCOIL products clearly out-perform ferrite-
based equivalents in physical size, DC characteristics, RF, AC
resistance and efficiency. But what about comparisons with
the newer metal powder devices?

Frequency Characteristics

Figure 7 below showcases MCOILs competitive advantages
over metal type inductors. Here MCOIL offers significantly
better AC resistance and Q factor. It also offers better power
supply efficiency. Additional testing also confirms the robust
nature and performance of the MCOIL material. (See Appen-
dix A for a detailed discussion of these tests.)
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Figure 7. Comparison of MCOIL performance with competitive metal composite inductors
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CONCLUSION

Higher performance mobile devices offer a promising mar-
ket for power inductor manufacturers. But that opportunity
will only become a reality if inductor suppliers can deliver the
performance mobile device designers need in the low profile
footprint they require. By eliminating the use of an organic
binder and improving permeability and insulation capabilities,

the metallic magnetic material used in the MCOIL line has al-
lowed engineers at TAIYO YUDEN to reduce coil size without
compromising performance. Together these advances have
opened the door to a new generation of metal power induc-
tors for mobile applications.
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APPENDIX A
MAKK2016 MAKK2520 MAMK2520
Lx W [mm] 20x 1.6 25x2.0 25x2.0
T [mm] [1.0 max] [1.0 max] [1.2 max]
Rated Current Rated Current Rated Current
DC-R a DCR @) DCR )
Inductance
o) Temp 0 Temp o) Temp
[uH] (max) c Sat ¢ Rise (Ma) c Sat ¢ Rise (max) c Sat t Rise
(LrJT:;exr)] Current (LrJT:;exr)] Current (lrjnr;ex? Current
(max) (max) (max)
0.47 0.046 3.20 2.80 0.046 3.90 3.20 0.039 4.20 3.40
0.68 0.065 2.50 2.50 0.059 3.70 2.90 0.048 3.20 3.20
1.0 0.075 2.20 2.20 0.072 2.70 2.50 0.059 3.10 2.70
1.5 0.130 1.60 1.65
2.2 0.160 1.50 1.50 0.156 1.90 1.50 0.117 2.00 1.90
3.3 0.255 1.15 1.20 0.156 1.80 1.70
4.7 0.380 1.00 0.95 0.300 1.30 1.10 0.260 1.50 1.30

MBKK1608 MBKK2012 MBMK2520
Lx W [mm] 1.6x0.8 2.0x1.25 25x2.0
T [mm] [1.0 max] [1.0 max] [1.2 max]
Rated Current Rated Current Rated Current
et DC-R (A) DC-R (A) DC-R (A)
nductance Tem Tem Tem
[uH] (m(;ix) CuSr?(tent Risg (m(;x) CuSr?(tent Risg (m%x) CuSr?;nt Riss
(max) Current (max) Current (max) Current
(max) (max) (max)
0.24 0.049 1.65 2.30 0.041 3.00 2.40 0.026 4.75 3.50
0.47 0.104 1.10 1.40 0.078 2.00 1.65 0.042 3.90 2.60
0.68 0.120 0.95 1.20 0.090 1.80 1.50 0.058 3.15 2.15
1.0 0.150 0.80 1.15 0.106 1.50 1.45 0.072 2.35 1.85
1.5 0.200 0.65 1.00 0.173 1.20 1.10 0.106 2.05 1.50
2.2 0.345 0.52 0.75 0.290 0.90 0.85 0.159 1.80 1.25
3.3 0.512 0.45 0.60 0.500 0.70 0.65 0.260 1.40 0.97
4.7 0.730 0.37 0.50 0.615 0.60 0.60 0.380 1.15 0.80

TAIYO YUDEN



Bl Material Advances Enable New Generation of Power Inductors

APPENDIX A

MDKK1616 MDJE2020 MDKK2020
Lx W [mm] 1.64 x 1.64 2.0x2.0 2.0x2.0
T [mm] [1.0 max] [0.95 max] [1.0 max]
Rated Current Rated Current Rated Current
et DC-R (A) DC-R (A) DC-R (A)
nductance Tem Tem Tem
[uH] (m?ix) Cusrér](tent Risg (m(;x) Cusrér](tent Risg (m(elix) CuSr?(tent Risg
(max) Current (max) Current (max) Current
(max) (max) (max)
0.47 0.095 3.30 1.50 0.046 3.50 2.20
0.68 0.060 3.20 2.00
1.0 0.140 2.20 1.20 0.121 3.10 1.55 0.085 2.90 1.70
1.5 0.185 1.75 1.10 0.266 1.55 1.05 0.133 1.90 1.35
2.2 0.250 1.50 0.95 0.340 1.35 0.95 0.165 1.65 1.20
3.3 0.515 1.15 0.65 0.275 1.30 0.94
4.7 0.640 0.95 0.55 0.435 1.05 0.75
6.8
10.0 0.690 0.75 0.63
15.0 1.180 0.55 0.48
MDMK2020 MDKK3030 MBMK2520
Lx W [mm] 20x2.0 3.0x3.0 25x2.0
T [mm] [1.0 max] [1.2 max] [1.2 max]
Rated Current Rated Current Rated Current
nduct DC-R @ DCR *) DCR (A
nductance Tem Tem Tem
[uH] (m(;x) CuSr?(tent Risg (mgzlx) CuSr?ént Risg (m(;x) CuSr?ént Riss
(Max) Current (max) Current (max) Current
(max) (max) (max)
0.47 0.046 420 2.30 0.039 5.40 3.50 0.027 6.30 4.20
0.68 0.058 3.50 2.00
1.0 0.064 2.55 1.90 0.086 4.40 2.40 0.050 4.30 3.10
1.5 0.086 2.00 1.65 0.100 3.00 2.10 0.074 3.40 2.50
2.2 0.109 1.75 1.45 0.144 2.50 1.90 0.112 2.80 2.00
3.3 0.178 1.35 1.15 0.265 2.00 1.25 0.173 2.10 1.60
4.7 0.242 1.15 0.95 0.362 1.70 1.10 0.263 1.80 1.30
6.8 0.437 1.40 1.00
10.0 0.575 1.10 0.85
15.0
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APPENDIX A

MDJE4040 MDMK4040 MDMK4040 (high current)
Lx W [mm] 40x4.0 4.0x4.0 4.0x4.0
T [mm] [0.95 max] [1.2 max] [1.2 max]
Rated Current Rated Current Rated Current
nduct DC-R a DCR @) DCR )
nductance Tem Tem Tem
LuH] (m(;ix) CuSr?(tent Risg (m(;x) CuSr?(tent Risg (m%x) CuSr?;nt Riss
(max) Current (max) Current (max) Current
(max) (max) (max)
0.47 0.040 6.00 4.00 0.029 7.50 4.60
0.68 0.029 6.70 5.00
1.0 0.069 470 3.00 0.036 5.00 450 0.047 5.20 3.50
1.5 0.084 3.00 2.70 0.065 4.50 3.20 0.065 3.70 3.30
2.2 0.115 2.40 2.40 0.079 3.80 2.80 0.092 3.20 2.50
3.3 0.200 2.00 1.80 0.130 3.20 2.20
4.7 0.250 1.90 1.60 0.160 2.50 1.90
6.8 0.370 1.50 1.30 0.230 1.90 1.60
10.0 0.510 1.40 1.10 0.330 1.70 1.40
15.0

MD SERIES (AEC-Q200)

MDMK2020 MDMK4040
Lx W [mm] 20x2.0 4.0x4.0
T [mm] [1.2 max] [1.2 max]
Rated Current Rated Current
. DC-R ®) oCR ®)
nductance Tem Tem
[uH] (m(;x) CuSr?;nt Risg (m(;x) CuSr?;nt Risg
(max) Current (max) Current
(max) (max)
0.47 0.046 420 2.30 0.029 7.50 460
0.68 0.058 3.50 2.00
1.0 0.064 2.55 1.90 0.047 5.20 3.50
1.5 0.086 2.00 1.65 0.065 3.70 3.30
2.2 0.109 1.75 1.45 0.092 3.20 2.50
3.3 0.178 1.35 1.15
4.7 0.242 1.15 0.95
6.8
10.0
15.0

TAIYO YUDEN



Il Material Advances Enable New Generation of Power Inductors

APPENDIX B
Performance Testing of MCOIL Material

To measure the benefits of this high-crystalline, thin oxide lay-
er on material characteristics for choke coil applications, en-
gineers at Taiyo Yuden tested the new material in three ways:
bending strength, insulation and magnetic permeability. As
a benchmark, the company used a material equivalent of a
traditional metal composite material. This composite material
was constructed by mixing an organic binder with an atom-
ized powder composed of Ferrochrome Silicon (FeSiCr). Next,
the engineers performed a uniaxial press forming process fol-
lowed by thermosetting of the binder.

The first test measured three-point bending strength. Engi-
neers began by creating a 50mm-long, 10mm-wide, and
4mm-thick plate-shaped sample. Next, by applying a load of
0.5mm/minute at the load point, the development team cal-
culated the bending strength of both the composite mate-
rial and the metal magnetic powder material based on the
maximum load measured at the time when each sample was
destroyed.

The test results showed that the three-point bending strength
of the composite material was approximately 8.0 kgf/mm2
while the value for the metal magnetic powder material was
15.0 kgf/mm2 . The bending strength of the new material
was significantly higher than the composite material. Engi-
neers concluded that the formation of the dense oxide layer
on the metal magnetic particle surface and its ability to con-
nect metal magnetic particles continuously to one another re-
sulted in a significantly higher bending strength.

In the next test engineers measured the insulation capabilities
of each material by forming electrodes on the top and bottom
of a 50mme-in diameter and 2mm disc-shaped sample. Insula-

tion properties were then measured using a HIOKO DSM-8104
Digital Super Megohmmeter Ultra-Insulation/Micro Ammeter.
This test showed that the insulation resistance of both the
composite material and the Metal Magnetic Powder material
was approximately 106Q/cm.

The Figure A offers a little more insight into the different insu-
lation properties of the two materials. The graph shows that
the breaking voltage of the metal magnetic powder mate-
rial, at 3.6 x 104V/m, was higher than the breaking voltage
for the composite material at 2.5 x 104V/m. This distinction
indicates that the high-crystalline oxide layer formed on the
metal magnetic particle surface offers high insulation prop-
erties. The ability of the metal magnetic powder material to
achieve high resistance while maintaining its strength through
its composition as a high insulation, dense and thin oxide layer
has significantly implications from a manufacturing productiv-
ity perspective. It means that manufacturers can handle the
new metal magnetic powder material using the same proven
methodologies used for high-insulation ceramics materials
such as nickel and zinc (Nizn) ferrites.
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Figure A. Comparison of voltage breakdown characteristics of
composite material vs. TAIYO YUDEN metal magnetic powder
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The third test measured the magnetic permeability of each
material. Figure B below show the results of the test. The
graph indicates that magnetic permeability of the compos-
ite material is about 25 while the magnetic permeability of
the metal magnetic powder material is about 45. Despite this
difference, both materials exhibit almost identical frequency
characteristics. Given these facts, it appears that the oxide
layer in the metal magnetic powder material offers sufficient
insulation characteristics and reduces eddy-current loss. En-
gineers deduced from these conclusions that the metal mag-
netic powder material offers higher magnetic permeability
because the oxide layer is very thin and there are mutual mag-
netic reactions between the particles.
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Figure B. A comparison of the magnetic permeability of the com-
posite material vs. TAIYO YUDEN magnetic powder

Overall, this new material developed by engineers at Taiyo
Yuden offers two basic advantages. First it allows DC resis-
tance to be controlled to a very low level by utilizing the ma-
terial’s high magnetic permeability without compromising its
excellent DC superimposition characteristics. This makes it
possible to design inductors with lower DC resistance and
capable of passing high levels of current. Second, since the
material has a high insulation characteristic, inductor manu-
facturers can use the same highly developed manufacturing
process used for ferrite materials. This characteristic offers
significant productivity benefits.
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