IWATSL APPLICATION NOTE R0G15022E. 100

High Speed SW Current measurement by Rogowski Goil Current Probe

1. Outline
Introduction
Rogowski Goil Current Probe can measure the switching characteristics of high speed and
large current.
This application note introduces important points to keep in mind for the accurate and
safety measurement.

Points to keep in mind
1. Do not exceed the absolute maximum rating that is defined as the slope of current
change (di/dt).
2. Pay attention to effects on the surrounding electric field.
3. Put your mind to the delay time difference between the probe and the actual current.

2. Absolute maximum rating

2.1. Absolute maximum rating
Maximum allowable current at measuring Rogowski Coil Current Probe is determined by the
slope of current change (di/dt). This means al lowable current changes along with frequency
of current being measured and the rising time.

Table 1
Modelname Peak RMS Absolute maximum rating
(kA T 5] [kA 7 s] of current being measured
SS-281A 2824 30 1
SS-283A 284A 285A 30 1.5
SS-286A 80 )

X P e a k: Number of Single Pulse Signal. Never exceed this number.

¢RMS: Number of Continuous Signal. Never exceed this number.

X In case of exceeding the absolute maximum rating, probes may be damaged, smoking or
sparking.

2.2. Sine waveform
Slope (di/dt) of current change of sine wave signhal is calculated by differentiating
sine wave signal, and the maximum slope is 2xmx frequency x signal amplitude

2.3.Pulse waveform
Slope of current change (di/dt) of Single shot pulse = Max. current value / Rising time
(or falling time)
In continuous pulse signal, calculate di/dt of current pulse at rising/falling time and
calculate the effective value from the cycle T. This value must not exceed the absolute
max. rating RMS value.
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XFor details please refer to Application Note R014069 “Rogowski Coil Current Probe Maximum Allowed Current”.

3.Effects of voltage noise

3.1.Measurement Points
When the current being measured becomes high speed, effects of the surrounding voltage
noise becomes a big problem. Rogowski Coil Current Probe measures current by detecting the
change of magnetic field.
In the high frequency, however, the effects on the voltage change by electrostatic coupling
between the coil and the electrode being measured or the close electrode cannot be ignored.
Accordingly, when the frequency range exceeds 10MHz or pulse rising time is about 30ns,
it will become difficult to reproduce the measurement value and to keep the reliability.
Please follow the steps below to avoid being affected.

(1 Measure the current at the place (node) where the voltage amplitude is as small
as possible.

@ Separate Rogowski coil from the floating capacity as long as possible to reduce
the effects.

(Do not make contact between the coil and the object to be measured.)

@ Use a current probe for the suitable range. If you measure low current with a high
range current probe, the Signal-to-Noise (S/N) ratio becomes worse and the
measurement is affected easily.

@ Try not to change the physical place of the probe in order to improve the
reproducibility.

® Use an appropriate bandwidth |imit so that unnecessary element can be dropped.

- At Drain side:

Voltage amplitude is big and affects measurement e
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At Source side:
Voltage amplitude is small and hard to affect measurement.

Figure 1 Switching current measurement at |ow
side 3.2. Measurement sample
3.2.1. How to evaluate the measurement result

We measured how much the waveform change appears with the electrostatic coupling stated
above.
The output of Pulse Generator is terminated with 50Q resistance. The current, whose
value is output voltage divided by 50, floats to the resistance. We look into where we
measure this current leads to the waveform changes
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Case 1

Make contact with the line of the positive

50Q Termination Resistance

Case 2

Pulse Generator Do not make contact with the line, but put the

coil at the center of the line.

Figure 2 Evaluation of effects on electrostatic
coupling

3.2.2.Measurement result (Positive side)

In case 1, the coil touches the line of which voltage is fluctuating and the monitor
shows that the overshoot appears because the voltage noise is superimposed by
electrostatic coupling.

CH1 (Yellow): Case 1

REF (Black) : Case 2
50ns —150. 00ns Avg Equ @1 ¢ E3 50%

4: 100mY
DC1HO DCHOD DC 1M DCTHO CH1 + CH?
ofs —100pVEmp ty Emp ty Emp ty Emp ty
IWATSLU f:10. 0000kHz 265 1k pts

3.2.1.Measurement result (Negative side)
The following shows that the installation direction of Rogowski coil is reversed so that
the polarity of the current is reversed. Although the polarity of the current is in
reverse, the polarity of superimposed voltage noise is unchanged. This time, a waveform
such as preshoot appears.
CH1 (Yellow): Case 1
REF (Black) : Case 2

. _____________________________________________________________________________________________________________________|
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50ns —150. 00ns Ave Eau @i d £3 50%

AJED Tr 10-90% HAKKAKKRK

B: @D

c: @D

D: @D

Edge & D DC 2. 00y

th. 2: 100 3:20. Om¥ 4: 100my

DC1MQ DCS0Q DCTHO DCTMO CH1 + CHZ2
ofs 4. GOmVEmpty Emp ty Emp ty Empty
IWATSL 210, 0000kHz 2GS 1k pts

3.2.1.Measurement result (Band limitation 20MH z )
The following shows the measurement result when the bandwidth of an oscilloscope

[imited up to 20MHz, with the other conditions same as the positive polarity case as
the above mentioned. The waveform changes less than the above. Especially this is
effective when there is a power source with high didt closed to device.
CH1(Yel low) :Measurement condition 1
REF (Black) :Measurement 2

50ns -150.00ns BTG u_T”g = : : E3 50% NrE—
| : : : : : : : : Waveform
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Waveform
off

Source

CH1

Recall
REF Setup
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4.Delay time

4.1.Importance of Delay time

When we evaluate switching characteristics of instruments such as inverters, we sometimes
evaluate switching loss by measuring the voltage and the current. In this case, the margin
of the error may appear unless the delay time between the voltage and the current measurement

matches

The fol lowing shows an example of power loss calculation of FET via measuring Vds and Id.
When the delay time appears on the current measurement area, it looks as if the power loss
was smaller at the timing of FET ON and it looks as if the power loss was bigger at the
timing of FET OFF. Therefore, as we discussed, we cannot evaluate properly.

Actual waveform Delay happens in the current measurement area
— FET Power loss: Small

Current (Id) Current (Id)

Voltage (Vd s) Voltage (Vds)

Delay

Figure 3 Effects on Delay
time

4.2.Correction method of the delay time difference

4.3.Factors in delay time
The absolute delay time of Rogowski Coil Current Probe is about 26~28ns observationally

(including Output coaxial cable 0.5m) . Analyzing each factor, we find approx. 7.5ns
delay happens because of approx. 1.5m cable length at the sensor part. In addition, 2.5ns
delay happens by 1.5m output coaxial cable and remaining 17ns (= 27ns — 7.5ns - 2.5ns)

happens by the delay time of Integrator (A coaxial cable has approx. 5ns/m delay time)

If you already know the delay time of the voltage probe, it is possible to correct the
time base on approx. 27ns as the delay time of Rogowski Coil Current Probe, however, for
more precise and accurate measurement you need to correct the delay time difference by the
measurement written later.

4.3.1.Measurement method

Please perform the measurement using a probe you actually use and an oscilloscope |ike
Figure 2 so that you can correct the delay time difference (skew) between the voltage
and the current measurement systems. The output of High Speed/High Amplitude Pulse
Generator will be connected to 50Qterminator and at the same time, Coil for detection
is inserted to GND side so that you can detect the current. Then please measure the
current floating the detection part by Rogowski Coil Current Probe and measure the output
voltage of Pulse Generator by the voltage probe
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Osci | loscope

Pulse Generator

50QTerminator

Detection Coil L]ﬁ

Voltage Probe

Sensor part

Rogowski Goil Gurrent Probe

Figure 4 Measurement system for Delay
time correction

XAs we cannot measure the voltage accurately if the pulse rising is slow, a pulse
generator with approx.10ns rising time is needed.
XIf you want to increase the equivalent current, increase the winding number of the
coil. In that case,
the coil should be small and turns should be |imit to 5, as the high inductance
would make delays between current and voltage
4.3.2.Example of Correction
<Used Equipment>
Pulse Generator : PSPL2600 (manufactured by PSPL)
Osci |l loscope : DS-5554 (manufactured by IWATSU)
Voltage Probe : PHV633L (manufactured by PMK)
Current Probe : Rogowski Coil Current Probe SS-282A
<Measurement method>
Output approx. 42[V] pulse from the Pulse Generator. Connect the Generator to 50Q
terminator with 5 turns coil, In this example, the measured current shall be 42[V]=+
50[ Q1 x5[ turn]=4.2A and adjust the probe so that the polarity becomes positive. When
you perform this correction, connect the current probe to the Pulse Generator with the
shortest lead. If you use GND lead, the waveform would be deformed.

<Waveform at the initial condition>
You can find there is 14ns delay in Rogowski Coil Current Probe compared to the voltage
probe. Please bear in mind that this is the relative delay to the voltage probe.

. _____________________________________________________________________________________________________________________|
IWATSU TEST INSTRUMENTS CORP.



IWATSU

10ns —30. 000ns Eau @I i= d
: i : : : : : CH1 : Current waveform by SS-
L Volts/div 282A
: : : : : : : : : [ coarse ] CH2 : Voltage waveform by
Fine Voltage Probe (PHV633L)
Unit
Volt
Rescale
% Deskew
[ +0. 00ns |
Hext
DC1MQ DC1MQ DCTMR DCTMO CH1 + CH2 @2/2) <Waveform after Correction
ofs  —300mViofs  —30. OVEmpty Empty Enpty >
IWATSL :95.8003kHz 1065 1k pts

Set 13.5 ns to adjust the
rising points of the current waveform and the voltage waveform using“Deskew” function of
Osci | loscope.

CH1 : Current waveform by SS-282A

CH2 : Voltage waveform by Voltage Probe (PHV633L)

10ns —30. 000ns Eau B3 = d E3 Ho%

CH1

o Volts/div
. . . . . . . . . Coares

Fine

Unit

Volt

................................................ Resca I B

=

% Deskew
_....;_._..‘_-...,_..‘rr ._,.____-.‘1_‘1: P P P _ P P S P S +13. 50ns

Next

DCTMY DeskewDCIMQ DC1MQ DCTMO CH1 + CH? @/2)
ofs —300mYjofs -30. OVEmp ty Empty Emp ty
IWATSLU 95.8878kHz 1065 1k pis

3 In this example, as the voltage probe’s bandwidth is more than 100MH z and the current
probe’s is approx. 30MHz, the rising time difference appears. In this case, adjust the
rising time points

5.Waveform comparison with Current Transformer (CT)
The following shows waveform comparison of the probe and Current Transformer that is often
used as a standard tool for the evaluation of high speed current waveforms.
Rogowski Coil Current Probe : SS-282A
Current Transformer : 2877 (manufactured by Pearson, Bandwidth: 200MHz)
Signal being measured : Custom Current Pulse Generator 10A, Tr=15ns
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<Rising waveform>
CH1 : SS-282A, CH2 : Current transformer

50ns -150. 00ns Eau [BReady E3 50%

r 10-90% 19. 00ns

AMEDT

B: @D Tr 10-90% 15. 30ns

(B O]

I Of ]

Edge + CGEED De 2. 00%
2: 1.00y 3:20. Om¥Y 4: 100my

DCTMQ DC509Q DCTHO DC1MQ CH1 + CH2
ofs -600nYjofs —2. 00VEmpty Empty Empty
IWATSLI £:0. 00000Hz 2G5 1k pts

<Whole waveform>
The following waveform measured by current transformer (CT) shows that CT cannot measure
around 80 i s because of magnetic saturation, however, SS-282A can measure with no problem.

(Rogowski Probe never gets saturated in principle.)
20ps -B0. 000ps BReady E3 H0%

r 10-90% 150. Ons

AEDT

B: @R Tr 10-90% 156. Ons

(3 (1]

D: @D

Edge "+ D DG 2. 00y
2: 1.00V 3:20. OmV 42 100mY :

DCTMO DCS00 DCTHO DC1MQ CH1 + CHZ2
ofs -600n¥jofs —2. 00V[Emp tv Emp ty Emp ty
IWATSL f10. 00000Hz OMS 1k pts

. _____________________________________________________________________________________________________________________|
IWATSU TEST INSTRUMENTS CORP.



IWAT SU

IWA I E LI http:/iwww.iti.iwatsu.co.jpf

IWATSLU TE=ST INETRUMENTES CORP.

Sales Dept.

International Sales Section

7-41, 1-Chome Kugayama, Suginami-Ku, Tokyo, 168-
8511 Japan

Tel: +81-3-5370-5483 Fax: +81-3-5370-5492

. _____________________________________________________________________________________________________________________|
IWATSU TEST INSTRUMENTS CORP.



