
di/dt impulse tester 
characterize inductive components 

JC Sun 

Tampa, 2017-03-25 



 

 

 

 

 

 

 

 

 

 

 physicist & MBA & engineer  

 make and design ferrite 3Cx and 3Fx 

 

 sales amorphous metals 2605/2714/2705 

 

 marketing nanocrystalline 500F components 

 

 

Bs & T Frankfurt am Main GmbH 

 

JC and his... 

PSMA workshop  
Long beach 2016 

2 Bs & T Frankfurt am Main GmbH 
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Sinus Magnetization AC Pulse Magnetization 
high excitation low excitation fast transit of magnetic state 

IEC 62044-3 IEC 62044-2 dB/dt 

loss, µa driven by B mode 

Bpeak, loop driven by H mode 

DC superposition 

BsT-Pro  BsT-Pulse 

loss map (f, B, T, HDC) µrev differential and amplitude L 

major, and biased minor loop energetic L, power loss 



Outline 2017 pulse, didt 

• Discrepancy 

• Solution with di/dt tester 

• Circuit 

• Examples  

• Conclusion 

Annex  
1: measuring data for simulation 
2: reliable to accuracte measurement (compensation) 
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Discrepancy – Problem 

• Usually, Inductance of power choke is specified with no load 

• But, Inductance of power choke in use under load 

 

• Manufacturer provides material characteristics i.e. 
permeability under low excitation; and indicates only TYPICAL 
value @ load, mostly with fitting parameters 

• Choke maker needs to commit with LIMIT value to his design 
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Nonlinearity: Inductance & Permeability 

component material 
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Core Material is Nonlinear and shows Saturation 

Nonlinear effects are mathematically more difficult and often not intuitive 

 

0 50 100 150 200

0.58

0.6

0.62

0.64

0.66

0.68

0.7

0.72

0.74
Inductance

In
d
u
c
ta

n
c
e
 [

m
L
]

Current [A]

12345678910111213
14

15

16

17

18

19

20

21

0 500 1000
0

0.5

1

1.5

  1

  2

  3

  4

  5

  6

  7

  8

  9

  10

  11

  12

  13

  14
  15
  16
  17
  18  19  20  21

B-H Relation

M
a
g
e
n
ti
c
 F

lu
x
 D

e
n
s
it
y
 [

T
]

Magnetic Field [A/m]

„secant“ inductance: 

 

 

„differential“ inductance :           

Energetic inductance: 

Flux linkage  
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Inductance: Definitions 

• Secant or Amplitude Inductance Ls= φ/i 

• Tangent or Differential Inductance Ld = dφ/di  
 Reversible Inductance* Lr 

• Energetic Inductance Le = 2 Int idφ/i2 

• Ld < Le < Ls @ saturation curve 

 

• Inductance in Classic „No-load“ test with 
 sinusoidal voltage Lv = Vrms/ωIrms 
 sinusoidal current Li  = Vrms/ωIrms 

• Ld < Lv < Li < Ls @ saturation curve 
* Neglecting the losses, Ld = Lr 
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Permeability: Definitions 

• Amplitude permeability µa 

• Incremental permeability µΔ 
 Reversible permeability µrev 

• Effective permeability µe 

 

• Initial permeability µi 

 Ferrite: @ B< 0,25 mT, f< 25 kHz 
 Alloy: µ_index mA/cm 
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Measuring way I 

• Auto balance bridge with extern DC bias  

Generally the internal bias output current is not enough to bias the inductor at the 
required current levels. To apply a high DC bias current to the DUT, an external 
current bias unit or adapter can be used with specific instruments. 

Only 80 A 
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Measuring way II 

• IV method @ 50/60 Hz 

Feeding 
sinusoidal 
current till 
saturation 
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Solution with di/dt tester  

• Incremental Permeability can be quantified 
as Amplitude, or Reversible Permeability by definition 

• Incremental Permeability can be measured by pulse with large 
magnetization current amplitude in time range of µs ~ ms, 
without heating DUT 

• With calculation by input of magnetic effective geometric 
parameter, the quasi magnetization curve can be provided, 
not only typical but also limit value can be specified 
throughout industry chain (material vendor, inductive 
component maker and user) 
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Circuit 

Switch performance can be realized with: 
 

•MOSFET 
•IGBT 
•Thyristor  but why? 
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Current Capability Study 
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1. Highest possible 

current amplitude 



Typical cycle of measurement 

Voltage 

Current 
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2. Full reversal current  

enables dynamic demagnetization curve 

and more information of bipolar excitation 



Output: V(t) and I(t) 
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Example1: L secant vs. L diff. 
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Example2: µrev vs. µd iron powder  

H A/m 

µ 
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Example3: µrev vs. µd amorphous tape wound core 

H A/m 

µ 
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Conclusion 

• di/dt tester with impulse (kA within ms) provides essential 
information to specify the limit inductance value under load 

• It is complementary to conventional measurement technique 
(auto balancing bridge biased with DC sources) 

• It is easy, quick to operate and inexpensive  

• It provides the common vocabulary for material maker and 
user, and component maker and user, especially for low 
permeable material and power choke  

• Output can be read directly into material library for design 
and model of inductive component and part 
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Annex 1 measuring data for simulation 
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BsT-Pro  2016 

BsT-Pulse  2017 

Video import loss map as an example FeSiAl powder material: 
Step 1: rename particular material  
Step 2: mark frequency, flux density, and bias, and import 



Annex 2 Reliable to Accurate measurement 
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Systematic investigation needed to standardize the  

compensation procedure of the measuring system error,  

assisted with reference(s) under test 

Part of IEC62044-3 
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Phase Measurement is challenging 

Why Compensation? 

Figure: Absolute value of impedanz and Phase measurement of air core 
Resource: A. Stadler, Messtechnische Bestimmung und Simulation der 
Kernverluste in weichmagnetischen Materialien, Dissertation, Friedrich-
Alexander-Universität Erlangen, 2009, Erlangen 

 No Error at Absolute 
value of the impedance  

 
 But visible at the phase 

measurement 
 

 It must be compensated 
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How Compensation? 

Compensate with Capacitor 
Advantages 
- High impedance at low Frequencies 
- High Phase angle near 90° 
Disadvantages 
- Very small Frequency range of one capacitor 
- Much capacitors needed to compensate a wide frequency range (up to 1MHz) 

Compensate with Inductance 
Advantages 
- High impedance at high frequencies 
- High phase angle near 90° for high frequencies 
- Very big frequency range 
- Linear course of the absolute value of the impedance 
Disadvantages 
- Very small impedance for low frequencies 

Several ways to compensate signal propagation error 


