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1. Real-World SMPS Iductors
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Inductor types and model

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

• Basic models incorporate RDC and L (function of IDC)
• Measured using (small signal) sine wave excitation -> This is

not representative for SPMS use!
• What about self-heating AC-losses, Core loss, Sturation, non-

linear behavior, handling large TRIANGULAR current (ie
Flux)…?
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Buck Converter

• L is driven by a square-wave AC voltage
• A triangular AC current is the result
• The output current yields a DC-bias through L
• Non-ideal inductor behavior may cause current overshoot,

higher ripple, additional dissipation, efficiency degradation,
EMI issues and control loop problems.

DCbias
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Boost Converter

• L is driven by a square-wave AC voltage
• A triangular AC current is the result
• The input current yields a DC-bias through L
• Non-ideal inductor behavior may cause current overshoot,

higher ripple, additional dissipation, efficiency
degradation, EMI issues and control loop problems.

DCbias



2. Measuring Inductors
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Standard measuring methods

• 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

⇒Sine wave is not representative for the application
⇒Need a triangular current with varying DC bias voltage, 
frequency and duty-cycle to include losses
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Principle

• 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
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Input Parameters

• Fsw: can be chosen, 10kHz – 10MHz
• Duty-cycle: can be chosen, 5% – 95%
• Uin: can be chosen, 0.5V – 70V
• Iload: = L.U.T. DC-bias can be chosen, 0A – 48A
• Uout = Uin x Duty-cycle
• Iripple (no saturation) = (Uin-Uout) / L x Fsw x Duty-cycle

50mAptp to 120Aptp
• Example: L = 220nH, Uin = 48V, duty = 10,4%, Iload = 10A, Fsw = 1MHz
 Iripple = 4,54A
 Imax= 12,27A
 Imin = 7,73A
Uout = 5V



3. The MADMIX Approach

2020 P M a n t c o k h pS A M g e i s W r s o 9

Key Measurements

• 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 C.U.T.
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The Hardware

• Fully Automated through
software

• Thermostreamer to heat or 
cool the L.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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AC loss, BH loop, saturation, one shot saturation, coupled L

• 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%
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AC loss, BH loop, saturation, one shot saturation, coupled L

• AC winding loss
and core losses

• PAC vs FSW

for different Iripple
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AC loss, BH loop, saturation, one shot saturation, coupled L

• H-field:
• B-field:
• No additional winding required
• Measurement can be done with

with optional additional winding
Brl T negative residual magnetism

Brh T positive residual magnetism

Hcl A/m negative coercive Force

Hch A/m positive coercive Force

Bs T saturation flux density
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AC loss, BH loop, saturation, one shot saturation, coupled L

• Depending on core material hard or soft saturation will
occur at a certain current level

• As a result the average inductance will drop the and
ripple current will be higher than expected

• “knee” point can be detected
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AC loss, BH loop, saturation, one shot saturation, coupled L

• By sweeping the DC-bias the saturation curve is obtained
-> using realistic AC triangular flux

DCbias

DCbias
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AC loss, BH loop, saturation, one shot saturation, coupled L

• Impact of temperature and/or ripple current amplitude
can easily be studied
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AC loss, BH loop, saturation, one shot saturation, coupled L

• The instantaneous (small time step di/dt) inductance
during one flank can also be measured

• Gives a different insight compared to “ripple” method
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AC loss, BH loop, saturation, one shot saturation, coupled L

• Using open-short/loaded method

𝐿𝐿 = 𝐿𝐿𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝐿𝐿 = 𝐿𝐿𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝(1 − 𝑘𝑘2) 𝐿𝐿 = 𝐿𝐿𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝(1 −
𝑘𝑘2

1 + (𝑅𝑅𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝜔𝜔𝐿𝐿𝑠𝑠𝑠𝑠𝑠𝑠
)2

)

𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 =
𝑘𝑘2

𝑛𝑛2
𝑅𝑅𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

1 + (𝑅𝑅𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝜔𝜔𝐿𝐿𝑠𝑠𝑠𝑠𝑠𝑠
)2



4. What Can We Learn?

2020 P M a n t c o k h pS A M g e i s W r s o 20

Additional functionality

• Steady-state self-heating measurement
• Self-heating prediction

=> after initial DC sweep self heating is predicted in a
10sec measurement for a given setpoint
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What the future will bring

• Keep ahead of State-of-the-Art SMPS by increasing
frequency range to 15-20MHz

• Increase voltage range (different machinery) to 300-400V
to cover PFC inductors

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

• …Feel free to share your ideas!
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• MADMIX is unique and additional way to measure SMPS
inductors with real-life stimuli

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

• Bias current, hard-switched voltage amplitude, duty-cycle
and switching frequency can be chosen
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What can we do for you?

MinDCet NV
Researchpark Haasrode
Romeinse Straat 10
3001 Leuven
Belgium
www.mindcet.com
info@mindcet.com
t: +32 16 40 95 28
t: +32 16 40 14 88
f: +32 16 40 83 38
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Headquarters
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http://www.mindcet.com/
mailto:info@mindcet.com

	�Custom�Integrated Power Management�Solutions
	Content
	1. Real-World SMPS Iductors
	1. Real-World SMPS Inductors
	1. Real-World SMPS Capacitors
	2. Measuring Inductors
	3. The MADMIX Approach
	3. The MADMIX Approach
	3. The MADMIX Approach
	3. The MADMIX Approach
	3. The MADMIX Approach
	4. What Can We Learn?
	4. What Can We Learn?
	4. What Can We Learn?
	4. What Can We Learn?
	4. What Can We Learn?
	4. What Can We Learn?
	4. What Can We Learn?
	4. What Can We Learn?
	4. What Can We Learn?
	5. Outlook
	6. Conclusions
	Slide Number 23
	What can we do for you?

