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SMPS Inductors: What do you want to know?

• Many types exist, all with their own properties:
▪ Magnetic material
▪ Geometry
▪ Wound / single wire
▪ Round / flat wire
▪ …

• Basic models incorporate  L, Rdc, Isat @ Idc.
• These are measured using (small signal) sine wave excitation 

-> This is not representative for SPMS use!
• What about AC losses (winding & core), self-heating, non-linear behavior, 

handling large triangular currents…?
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Inductor types and model
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SMPS Inductors: What do you want to know?

• Higher frequencies
• Higher currents
• Higher power densities
• Wide-bandgap switchers with 

high dv/dt (GaN & SiC)
• Higher power densities
• …
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Applications are getting more challenging
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DCbias



Measuring Inductors

• Apply a (small signal) continuous sine wave voltage and analyse
amplitude and phase shift of the current.

• Optionally, a DC-bias current can be added.
• Use modified Steinmetz to calculate core loss
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Standard measurement
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⇒Sine wave is not representative for the application
⇒Need a triangular current with varying DC bias 
voltage, frequency and duty-cycle to include losses



Triangular Flux: The MADMIX Approach

• Buck converter where the output inductor is L.U.T.
• Large in/output capacitors create an quasi ideal square-wave

voltage source
• The result is a Triangular Flux Exitation with adjustable DC-bias,

duty-cycle and frequency

2023 APEC 2023

The principle
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𝐼𝐼𝑟𝑟𝑟𝑟𝑟𝑟 =
𝑈𝑈𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝛿𝛿 (1 − 𝛿𝛿)

𝑓𝑓𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝐿𝐿



Triangular Flux: The MADMIX Approach

• Fully Automated through software
• Thermostreamer to heat or cool the 

C.U.T. -45 to +225°C
• Calibrated using Calorimetric 

techniques by compareing AC self 
heating with a known heating power
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The Hardware
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Triangular Flux: The MADMIX Approach

• L = Average inductance over one period
• Rdc = DC series resistance
• Rac = Equivalent AC series resistance
• PAC = Total AC power loss
• PCORE = Power loss due to core
• PWIND = Power loss in the windings
• T = Temperature of the L.U.T.
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Key Measurements
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Triangular Flux: AC-power Loss
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Energy Balance = AC loss
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MADMIX = BUCK converter
example measurement:
• input (=set)

▪ source voltage: 50V
▪ frequency: 1MHz
▪ duty cycle: 20%
▪ load current: 25A

• result (=BUCK converter)
▪ Vout=10V
▪ Irip=8A

• measured & calculated in SW
▪ basics: L, Irip, Iout, Vout, …
▪ bower loss: Pdc, Pac, Pcore, …
▪ BH-loop, temperature, …

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 =
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉.𝛿𝛿(1 − 𝛿𝛿)

𝑓𝑓. 𝐿𝐿

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉. 𝛿𝛿
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Triangular Flux: AC-power Loss
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Splitting AC-loss into Core and Winding loss
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 AC-loss:
 H-field:
 B-field:
 Core loss:
 Winding loss:
 Measurements are done without additional winding!!!

=> no additional winding possible for most commercial parts (eg moulded)
 Verification with additional winding on reference parts shows a deviation of

<10% over corner cases

𝑃𝑃𝑎𝑎𝑎𝑎 =
1
𝑇𝑇
�
0

𝑇𝑇
𝑖𝑖 𝑡𝑡 𝑣𝑣 𝑡𝑡 𝑑𝑑(𝑡𝑡)

𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =
𝐴𝐴 𝑙𝑙
𝑇𝑇
�
0

𝑇𝑇
𝐻𝐻 𝑡𝑡 𝑑𝑑𝑑𝑑(𝑡𝑡)

𝑃𝑃𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = 𝑃𝑃𝑡𝑡𝑡𝑡𝑡𝑡 - 𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐



Triangular Flux: AC-power Loss
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Example Measurements
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 Sweep: Current ripple, Frequency @ fixed DC bias = 20A
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Triangular Flux: AC-power Loss
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Example Measurements
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 AC winding loss and core losses @ Current ripple sweep

4.7uH, 54A Idc



Triangular Flux: AC-power Loss
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Example Measurements
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 Sweep: DC bias current & Ambient Temperature

4.7uH, 54A Idc
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Triangular Flux: AC-power Loss
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Example Measurements
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 Sweep: Current ripple @ thermal steady-state = 1 hour / point

4.7uH, 54A Idc
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Measuring at High-Voltage
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High-Voltage MADMIX
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 Principle: Full-Bridge Converter

iL
uL

t

iL
- uL +

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 =
2.𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠. 𝛿𝛿(1 − 𝛿𝛿)

𝑓𝑓. 𝐿𝐿
𝑉𝑉𝐶𝐶 = 𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(2𝛿𝛿 − 1)

max 𝑉𝑉𝐿𝐿 = 𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + abs(𝑉𝑉𝑉𝑉)



Measuring at High-Voltage
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High-Voltage MADMIX
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 Specification comparison
Parameter MADMIX HIGH-VOLTAGE

MADMIX
Input Voltage 0.5-70V 50-500V

Max inductor voltage 66.5V 800V

Max current ripple 120Aptp 60Aptp

Frequency 10kHz-10MHz(15-20) 10kHz-2MHz

Duty-Cycle 5-95% 50-95%

DC bias 0-48A NA



Measuring at High-Voltage
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High-Voltage MADMIX
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 Real-life waveforms

Vptp=1000VIrip=4,5A
max(VL)=800V



Measuring at High-Voltage
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High-Voltage MADMIX
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 Real-life waveforms dv/dt = 60V/ns

Vptp=1000V

10ns

600V



Measuring at High-Voltage
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High-Voltage MADMIX
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 Allows Pac & Pcore measurements
on BIG parts too!!!

 Eg: 75uH, 150A, 3kg inductor
 1kVptp
 50% duty
 85kHz
 40Aptp
 Pac = 140W
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Magnetic Core Voltage Breakdown
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Inductor Failure
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 Electrically conductive path in the core material
 May occur when a high potential is used to switch the inductor
 Can be modelled as a parallel resistor across the inductance
 Causes a “jump” in the current waveforms Voltage waveform



Magnetic Core Voltage Breakdown
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Inductor Failure
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1. first run: blue
▪ Breakdown @ 30V in red

2. Second run: green
▪ No breakdown

Breakdown is showing



Magnetic Core Voltage Breakdown
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Inductor Failure
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 It remains a tricky 
measurement

 Other failure mechanisms 
may occur sooner

 Such as…thermal 
breakdown, solder joints…

 BBQing parts may be a 
side-effect



Transformers
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Coupled inductors
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 Open-Short method, 2-steps
 Allows to measure the 

coupling factor (leakage 
inductance)

 All other parameters can 
also be measured (AC-
losses, core loss, voltage 
breakdown of core…) 𝐿𝐿 = 𝐿𝐿𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝐿𝐿 = 𝐿𝐿𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝(1− 𝑘𝑘2) 𝐿𝐿 = 𝐿𝐿𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝(1 −

𝑘𝑘2

1 + (𝑅𝑅𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝜔𝜔𝐿𝐿𝑠𝑠𝑠𝑠𝑠𝑠
)2

)

𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 =
𝑘𝑘2

𝑛𝑛2
𝑅𝑅𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

1 + (𝑅𝑅𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝜔𝜔𝐿𝐿𝑠𝑠𝑠𝑠𝑠𝑠
)2



Outlook

• Become the standard for measuring SMPS capacitors -> MADMIX
(equivalent for inductors) has preceeded this already

• Comparing different types and brands in an objective way to make a fair
comparison$

• Stressing inductors/transformers as in the application will allow improved
reliability analysis, avoiding over- or under-design

• Keep ahead of State-of-the-Art SMPS by increasing frequency range to 15-
20MHz of the standard MADMIX (new power amp is validated as we speak)

• Add software functionality to measure (Brushless) DC motor coils and their
losses

• In the end bring new insights in one of the oldest components in electronics
• …Feel free to share your ideas!
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What the future will bring
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Conclusions

• MADMIX is unique and additional way to measure SMPS
inductors with real-life stimuli: TRIANGULAR FLUX

• All crucial parameters can be measured, including
Inductance, core loss, winding loss, DCR, temperature
increase, BH-loop, saturation…

• HIGH-VOLTAGE MADMIX allows measuring bigger parts,
higher inductances and core breakdown effects.
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What can we do for you?

Headquarters
MinDCet NV
Researchpark Haasrode
Romeinse Straat 10
3001 Leuven
Belgium

www.mindcet.com
mike@mindcet.com
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