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Motivation

Loss measurement for ferrites using toroidal cores
(according to standard) > material charcterization

Reproducibility of the measurement was determined
Measurement accuracy is examined in this presentation
For sinusoidal waveforms
For high frequencies
Good data accuracy is essential
Comparability between materials and manufacturers
Good predictions in simulation

Challenge: Compensation of the time delay in the
signal paths - high loss measurement accuracy

Test bench
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Motivation
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Device Under Test (Toroidal Core): _
_ PhySICal: tV — tI = Atph
- Physical phase between Vp;, and Ip;, leads

to time delay: Atpy, — Adpy, = 21+ f - Atpy, Screen: ty — t; = Atpp + At

B Shift At between voltage and current due to time delay in the signal
paths 2> turns as: A¢p =2 -m- f - At > high sensitivity of loss measurement

B Measured phase of the impedance: ¢, = A¢pp, + A
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Motivation
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Device Under Test (Toroidal Core):

§ ¥ Ve

- Physical phase between Vpy, and Ip}, leads Physical: Rpp, = |Z| - cos(Adpp)
to time delay: Atp, = Agpp, =21+ f - Atpy Screen: Rg. = |Z| - cos(Agpy, + A)

B Shift At between voltage and current due to time delay in the signal
paths 2> turns as: A¢p =2 -m- f - At > high sensitivity of loss measurement

B Measured phase of the impedance: ¢, = A¢pp, + A
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Measurement Setups

@), DUT: Air Coil

Oscilloscope
H P Batt.
DCH1 O CH2
A =
Current and Voltage
Amplifier: are meaured
Sinusoidal electrically isolated <+

M Setup 1: Current sensing - active current probe
Voltage sensing - active voltage probe

B Setup 2: Current sensing = pearson current monitor
Voltage sensing - passive voltage probe [1-2]

B Setup 3: Current sensing - Shunt [3]; Voltage sensing - passive voltage probe
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Reference Air Coils

Air Coil 1

Inductance 3 [pH]
Ad)Ph >87.5°
Current 1 App

Frequency 100 kHz-
range 1MHz

Inductance

A¢ppy

Current

Frequency
range

3 [uH]
>87°

1 App

100 kHz-
1TMHz

Air Coil 3
Inductance 30 [pH]
Adpn > 88.5°
Current 100 mApp

Frequency range 100 kHz-
1MHz
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Phase Measurements using Reference Coils
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Setup 1: Active Voltage Probe and Active Current Probe

——

Voltage probe

WY

\‘*.\//

Current probe

B Determining the time delay At by using a compensation kit

B We assume the delay between current and voltage to be 0 ns - best
match of voltage and current signals
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Setup 1: Active Voltage Probe and Active Current Probe

B Small signal measurement with the 95
impedance analyzer as a reference

90
® Small and large signal

measurement for the black coil 89.5¢
match very well

89+ 7/
B Measurements deviate strongly for 03,88 .
the other coils especially at small A
frequencies sgif T
i o — Small Signal
® Although the signal delay was 3751 AN, Uncertainty Small Signal | -
compensated using a compensation O — Large Signal
kit, there are still large deviations 87 200 400 600 00 1000

within the measurement. f [kHz]
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Time Delay of Voltage Probes and

: Freq. Oscilloscope
Oscilloscope P
S Gen. & ®CH1 QCH2
B Measurement of a sinusoidal signal
usirlmg two 10:1 voltage probesand a | | |
oscilloscope .| o
Il e g G g Qe 4
B Measurement includes the time o1l e e l
delay between channel 1 and 2 as s
well as between the 10:1 voltage B S
probes gl =
: . © .02
B Time delay is much smaller than 1 ns ¢ F
within the examined frequency 3 | —
range 0.4 V=5 Vpp |
B The dependency on the voltage 0> 00 400 600 800 1000
magnitude is prooved to be small FlkHz]
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Setup 2: Passive Voltage Probes and Pearson Current Monitor

® Time delay of voltage probes

and oscilloscope is -

compensated for high R e

frequencies 80 + e
B Time delay of the current o s| """"

monitor is fitted that curve — ] e

characteristics match; delay is =<
the same for both coils

B Small and large signal

. 87.5 i ' —Small Signal )‘ j
measurement for the black coil I Uncertainty Small Signal
match very well ol —+ Large Signal

B Measured curve characteristics 200 400 600 800 1000

. .. f [kHz]
for the yellow coil are similar
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Setup 3: Passive Voltage Probes and Shunt 1

® Time delay of voltage probes and . Rshune = 100 mQ}
oscilloscope is compensated for ' ‘ &

—Small Signal
h Ig h freq uencies ol [ Uncertainty Small Signal

— Large Signal

M Time delay due to the Shunt
inductance (=120 pH) is
compensated

91 ¢

® Small and large signal
measurement for the black and
yellow coil match very well

B Measurements for the red coil
deviate strongly - as expected:
measuring voltage in the range of flkHz]
the input white noise of the scope
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Setup 3: Passive Voltage Probes and Shunt 2

B To improve sensitivity a wired
shunt was built up

B Shunt inductance, which causesa 837
delay in the current sensing, can’t
be measured exactly

B Choosing the same shunt 885
inductance (= 2.4 nH) for all
measurements 2> time delay is

compensated sl — Small Signal _
] A Uncertainty Small Signal
B Even for the red coil measurement o = |* Large Signal
accuracy is improved 200 400 600 800 1000
f [kHz]
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Setup 3: Passive Voltage Probes and Shunt 3

® Self-built low-cost shunt for ultra
low inductance [4] Gerstner

B Simulations and measurements 89.5 |
suggest that shunt inductance is
<300 pH

B Small and large signal 5885 A
measurement for the black coil

match very well
i — Small Signal
[ Using this Shunt' the h|ghest 87.5F  EMERRE | Uncertainty Small Signal
—* Large Signal
measurement accuracy for the red -
coil was achieved 200 400 600 800 1000

f [kHz]
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Loss Measurement Accuracy: Setup 1

® Small signal measurement of

phase: ¢, 0.7
B Phase deviation between small 0.6
signal and large signal 05

measurement: A¢p

B Using setup 1, the uncertainty in
loss measurement for the yellow <03}
coil is up to 25 %

0.2
Uncertainty is defined as: ol
cosS + A¢p) — cos
((psm ¢) ((psm) . 100 % 0 | . . TR
cos(Psm) 87.5 88 88.5 89 89.5 90
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Loss Measurement Accuracy: Setup 2 and 3

0.7 . , 0.7
0.67 __10%,
—15%
-—=20%
0.5~ —25%]
0.4 e
< \\\
<103 S
0,2'---\-t:‘=:1-\ --------- = -\-\-\- -------*----‘
N X ok T~ DAY XX
\\\\ ;\ #f
0.1 X % _ Tk R
* \\\\ \\
0 I * **x * **fijk e S D | | |
87.5 88 88.5 &9 89.5 90 87.5 88 88.5 &9 89.5
o [°] o [°]

- Uncertainty of loss measurement: within 5 % for the black coil and 10 %
for the yellow coil
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Loss Measurement Accuracy: Conclusion

B Setup 1: Active Voltage Probe and Active Current Probe
% Uncertainty for the black coil within 15 %
% Uncertainty for the yellow coil within 25 %
M Setup 2: Passive Voltage Probes and Pearson Current Monitor
Uncertainty for the black coil within 5 %
Uncertainty for the yellow coil within 10 %
B Setup 3: Passive Voltage Probes and Shunt
v" Uncertainty for the black coil within 5 % >

.p

v Uncertainty for the yellow coil within 10 %

v

v Highest accuracy for the red coil
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Measurement Accuracy: Triangular Currents
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Measurement Accuracy: Triangular Currents

Core losses 4 Coil losses

vy A U, 4 X

N

AN

B Measurement of core or coil losses with triangular, trapezoidal currents
B Time delay in the signal paths must be constant in a wide frequency range
Using a shunt - there’s no delay in the current sensing

Using a current monitor - Examination of time delay depending on
excitation
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Summary and Outlook

~ Fraunhofer
1ISB



Summary and Outlook

B Three different measurement setups were tested refering loss
measurement accuracy

B Using a pearson current monitor or a shunt, measurement uncertainty
for the examined coils is similar

B To cover the whole current range, different shunts and current monitors
are necessary

M Excitation with triangular currents: time delay in the signal paths must
be constant in a wide frequency range

M Verification of the measurement accuracy with triangular currents
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Any Questions

\
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Setup 2: Passive Voltage Probes and Pearson Current Monitor

90

89.5

% ¢

88

875/

87

-4+ Coil 1: 1 App
—% Coil 2: 200 mApp
—%*= Coil 3: 200 mApp
@ Coil 2: 1 App

600
f [kHz]

800

1000

5%

=
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