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Overview

• Link between saturation 
and permeability

• Losses (copper, core, proximity, 
fringing)

• Stability differences (soft- & hard 
saturation, temperature dependance)

• Low losses

• Stability of inductance

• High coupling factor

Refreshing the basics TLVR requirements

• Material dictates component design

• Distributed vs. discrete air gap

• Simple power inductor
(discrete & embedded)

• TLVR inductor / transformer

• Coupled inductor

Material and design differences Possible Inductor topologies FeSiBPCuCr

Mn-Zn
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Link between saturation and permeability

• Permeability multiplies the 
magnetic field (H) strength to 
rotate the magnetic domains 
towards saturation 

• high µ = easy to rotate but quick 
to saturate (aligned with field)

• 𝐵𝐵 = µ ∗ 𝐻𝐻 = µ0 ∗ µ𝑟𝑟 ∗ 𝐻𝐻

Nanocrystal materials by their structure shifting borders 
for EMC and power applications (downsizing)

Ferrite material typically loose saturation capability 
with higher temperature but gain permeability
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Losses (core)

FeSiBPCuCr

• Core loss is created by rotating / flipping magnetic domains caused by the magnetic field
• Higher magnetic flux and higher frequency increasing losses

Core lossf : Frequency(kHz)
Bm : Magnetic flux density(mT)

k 4.54E-06
α 1.488
β 2.301

NANOMET
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Losses (coil)
• DC copper losses • AC copper loss (skin effect)

𝑆𝑆

𝑙𝑙

𝑃𝑃𝑑𝑑𝑑𝑑 = 𝑅𝑅𝑑𝑑𝑑𝑑 � 𝐼𝐼2
𝑃𝑃𝑑𝑑𝑑𝑑 : DC Power loss
𝑅𝑅𝑑𝑑𝑑𝑑: DC resistance
𝐼𝐼 : DC current

𝑅𝑅𝑑𝑑𝑑𝑑 =
𝜌𝜌 � 𝑙𝑙
𝑆𝑆

𝜌𝜌: Resistivity of the conductor
𝑙𝑙: Length of the conductor
𝑆𝑆: Cross section of the conductor

I

I

Eddy currents induce 
magnetic field opposes 
the original magnetic flux

𝑢𝑢 = −𝑁𝑁
𝑑𝑑∅
𝑑𝑑𝑑𝑑

𝛿𝛿

𝛿𝛿 =
𝜌𝜌

𝜋𝜋𝜇𝜇0𝜇𝜇𝑟𝑟𝑓𝑓
δ : Penetration depth
𝜌𝜌 : Resistivity of material
𝜇𝜇0 : Permeability of free space
𝜇𝜇𝑟𝑟 : Relative permeability of material
𝑓𝑓 : Frequency

Current density 
     1/𝒆𝒆

• In a given form factor conductor and core 
material compete for mechanical volume

• If core volume can be minimized usually 
RDC decreases (shorter conductor or 
cross section increase) Workaround:

Changing round to flat wire reduces AC resistance
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Fringing losses

Gap

Core

Conductor

Magnetic Flux

Fringing loss
(Eddy current loss)

• Load current generates magnetic flux.
• Flux leak from the core gap.
• If flux crosses conductor
 generates eddy current

• Eddy current increases AC copper loss 
 Fringing loss

Increase distance between the gap and conductor
to reduce crossing magnetic flux to conductor

Gap position 1.0mm 0.4mm -0.3mm
Distance 1.00 0.40 -0.30 
Peak current[A] 50

Arms [A] 35.4

Temp [℃] 25

RDC [mΩ] 0.268

Copper loss [W] 0.679 0.804 1.305

Core loss [W] 0.421 0.335 0.293

Total loss [W] 1.099 1.140 1.598

RAC [mΩ] 0.879 0.912 1.278 

Example taken: 
TPI078060L056N
(56nH, 53A rated)
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1.241 1.305
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Stability differences
soft- & hard saturation, temperature dependance
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Comparison of material property

Material Ferrite Metal composite FlakeComposite NANOMET®

composition Mn-Zn FeSiCr FeSiAl FeSiBPCuCr

Permeability 900
(100 w/gap) 25 100 / 200 100

Bs(T) 0.5 1.2 0.7 1.3

μ-Temp. Fluctuate Stable Stable Stable

Core loss Small
(relative loss :1)

High
(relative loss :50)

High
(relative loss: 25)

Medium
(relative loss :5)

Core’s
Resistivity
(reference)

102Ωcm 109Ωcm 104Ωcm 106Ωcm

Closs Section
of core

measured ring core  OD13 x ID8 x h5mm
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Material dictates component design (Airgap)

Insulating coating
around the metal
Powder (Si)

Metal Powder

Binder

distributed airgap within material structure

Nanomet 

µr = 100

Mn-Zn

µr = 900

• Airgap is necessary to 
soften saturation behavior 
@ high magnetic field

• Tight control of mechanical
gap necessary

• Overall i.e. µr = 100

Leakage Flux increase
visible at air gaps

Homogeneous 
performance, less EMI
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TLVR requirements (low losses)
Freq[kHz] 600 

Vin[V] 12,0 
Vout[V] 0,8 
Lc[nH] 120,0 

Number of phase 8 
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B63

MTPI

MTPI-H7.1

11.8 x 11.8 x 5.8 mm

Parameter B63 MTPI MTPI-H7.1

Core gap[um] 252 164 40 

L0-pri[nH] 99,9 100,1 100,7 

L0-sec[nH] 99,0 99,7 100,8 

DCR-pri[mOhm] 0,124 0,124 0,083 

DCR-sec[mOhm] 0,439 0,439 0,266 

Ksp 0,973 0,973 0,981 

Isat-30%(100C) 126,5 224,2 132,8 

MTPI-H7.1 
= 7.1mm height
• 35% lower RDC

MTPI 
= copy off B63 type
• 2 x saturation
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TLVR requirements (stability)
Freq[kHz] 600 

Vin[V] 12,0 
Vout[V] 0,8 
Lc[nH] 120,0 

Number of phase 8 

11.8 x 11.8 x 5.8 mm
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MTPI 
= copy off B63 type
• Better stability >90A

MTPI-H7.1 
= 7.1mm height
• Less stable 

(at smaller size)

Parameter B63 MTPI MTPI-H7.1

Core gap[um] 252 164 40 

L0-pri[nH] 99,9 100,1 100,7 

L0-sec[nH] 99,0 99,7 100,8 

DCR-pri[mOhm] 0,124 0,124 0,083 

DCR-sec[mOhm] 0,439 0,439 0,266 

Ksp 0,973 0,973 0,981 

Isat-30%(100C) 126,5 224,2 132,8 

-30%
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TLVR requirements (coupling)
Freq[kHz] 600 

Vin[V] 12,0 
Vout[V] 0,8 
Lc[nH] 120,0 

Number of phase 8 

11.8 x 11.8 x 5.8 mm
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MTPI-H7.1 
= 7.1mm height
• Higher coupling due 

to smaller airgap

MTPI 
= copy off B63 type
• Better stability >90A

Parameter B63 MTPI MTPI-H7.1

Core gap[um] 252 164 40 

L0-pri[nH] 99,9 100,1 100,7 

L0-sec[nH] 99,0 99,7 100,8 

DCR-pri[mOhm] 0,124 0,124 0,083 

DCR-sec[mOhm] 0,439 0,439 0,266 

Ksp 0,973 0,973 0,981 

Isat-30%(100C) 126,5 224,2 132,8 
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Typical load response of a TLVR buck inverter
expected performance benefits 

Source: Analog Devices
Vol 57, No 1—February 2023

Expected increased secondary
current due to higher 
coupling & lower RDC

Expected lower voltage drop
due to higher inductance 
stability, better coupling

Less EMI leakage 
due to reduced 
airgap

Smaller size component
12x12x6 mm -> 12x7x6 mm
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About testing ?

• We tried to get some demoboards with TLVR´s to test the differences

• Even if TLVR designs are visible in various articles those are not public to source

Source ShanghaiTech University Source Article #A-0041 Rev. 1.0 (MPS) Source ADI Vol 57 No 1

• Various other sources show such demo boards, we would like to get one to show 
the difference
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While checking a lot of sources…

• We found an interesting article where normal inductors where changed to 
TLVR´s and some changes were made on the PCB to integrate those

• They removed original 1-phase inductors from a EVB (TPS536C7EVM), 
and mounted TLVR instead.

• Thanks to Feiyang and Qiang for that great idea we took over
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Adapting the TI TPS53647EVM-710
Sub board

Company 1TOKIN MTPI
(NANOMET)

Measurement setup

EVM backside
/w sub board

Vin 12V
Vout 1V
Fsw ≅ 480kHz
4-phase TLVR
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Efficiency measurement

At higher output currents the parasitic sub board caused
extra losses against the original setup

75

80

85

90

95

100

0 10 20 30 40 50 60 70

Ef
fic

ie
nc

y 
(%

)

Output current (A)

NANOMET material MPTI TLVR

Company 1 TLVR

Original EVB

Vin: 12V
Vout: 1V
fsw: 480kHz 

0

5

10

0 10 20 30 40 50 60 70

Pi
n-

Po
ut

 (W
)

Output current (A)

NANOMET material MPTI TLVR
Company 1 TLVR
Original EVB

Vin: 12V
Vout: 1V
fsw: 480kHz 



Copyright © 2024 YAGEO Group  All Rights Reserved 18

176 208 

23 

84 49 

98 

444 
290 479 

0
100
200
300
400
500
600
700
800

MTPI Lowest
profile

MTPI Lowest
DCR

Ferrite

Lo
ss

 (m
W

)

Iron Loss AC Copper Loss DC Copper Loss

176 208 

23 

84 49 

98 

12 8 

13 

0
100
200
300
400
500
600
700
800

MTPI Lowest
profile

MTPI Lowest
DCR

Ferrite

Lo
ss

 (m
W

)

Iron Loss AC Copper Loss DC Copper Loss

0

20

40

60

80

100

120

140

0 50 100

Lp
 (n

H
)

Isat (A)

MTPI Lowest DCR
Ferrite No.1-25℃
Ferrite No.1-100℃

TLVR inductor simulation result – B60 vs MTPI
Characteristics

Saturation curve comparison Loss comparison

Model
No.

Size (mm) Primary Secondary

L W H Lp 
(nH)

DCR 
(mΩ)

Isat Δ20% (A) Ls 
(nH)

DCR 
(mΩ)25℃ 100℃

MTPI
Lowest DCR 12 6 8.6 123 0.08 100 122 0.38

Ferrite B60 12 6 12 119 0.13 108 84 119 0.42

Condition 
Fs: 800kHz, 
Vin: 12V,
Vout: 1.83VIout : 10A Iout : 60A

Total
272 mW

Total
265 mW

Total
134 mW

Total
704 mW Total

547 mW
Total

600 mW

Package Size [mm]

MTPI
Lowest DCR

Ferrite
B60

L12×W6

8.6 12



Copyright © 2024 YAGEO Group  All Rights Reserved 19

Possible Inductor topologies with NANOMET®

• Advanced performance

• No physical gap needed
(less EMI, less fringing 
losses)

• High stability & soft 
saturation

• No temperature 
dependency of material

• Advanced performance

• No physical gap needed 
(less EMI, less fringing 
losses & better K factor)

• High stability & soft 
saturation

• Better behavior with 
load changes

• No temperature 
dependency of material

Single Inductor TLVR
• Advanced performance

• Need to try…

Coupled Inductor
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Takeaways – benefits of NANOMET®

• Total low losses on the level of ferrite even in smaller size

• Temperature stability of magnetic saturation 

• Inductance is stable with current (also transients)  soft saturation

• No gap structure  less EMI  less fringing losses

• >1 MHz switching possible  lower L & lower C

• Any inductor structure possible we can press properly  Ideas welcome !

• If you give us a TLVR test board we prove it 
…or you get a few samples and test it yourself

• Next project is about high power PFC designs (150µH/50A/200kHz in 50cc)
 Stay tuned !
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WWW.YAGEO.COM

Thank you!
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