Highlights:

- High voltage two channel differential probe for power electronics

- Bandwidth of at least I0MHz
- Follow slew rate- 7.3V/ns at the input - typical in real power converters
- The probe i1s tested by using high voltage source up to 8kV DC and no corona or
flashover were observed between the PCB layout and the components
and between the components as well.

Features
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Two channel hlgh Voltage dlfferentlal probe for power
electronics applications

Alex Van den Bossche, Dimitar Bozalakov

- Allows non ground referred measurements by avoiding the usage of expensive
galvanic insulated oscilloscopes

- Guaranties safety measurements up to +3kV in differential measurement (category II)

- Two channels - cost effective per channel

Probe overview
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Fig. 1: Simplified block diagram of the probe
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Test under rectangular pulses

Fig .5 to Fig. 8 show rectangular input pulses (blue channel) and output pulses (yellow) from the probe.
The input signal 1s about 33V peak to peak and the tested frequencies are - 1 kHz, 3 kHz, 10 kHz,
30 kHz, 100 kHz and 300 kHz.

The active output of the generator is connected to the inverting input of the probe
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a) comparison at 1kHz Ch1 input, Ch2 output
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The accuracy of the high voltage resistors is 1% but they are checked for higher accuracy and 5%
for capacitors which are tuned by variable capacitor.

SRR § N w |
: C PCBI ': C7 IN T
e B e O e e e B ?
R1 50MQ R3
xl_
cit| 3| o5
120pF | 33pF
Channel 1 ¢ 4 I\ 1
2| ca| ce =
120pF | 33pF
p p x|l
AN
R2 50MQ R4
r. . 4 . 4 1 I >
| | x| T
C PCB2! C8
| T s ll. m— = \ ——
I'N | 1

Fig. 2: Detailed schematic diagram of the probe
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Fig. 3: PCB capacitor implemented in the internal capacitive divider

Experimental results

Bandwidth of the probe

The parasitic capacitors make the flat bandwidth difficult, so a derivation of 2-3% 1s achieved.
One can obtain a somewhat higher bandwidth, but at the expense of the more complexity and more tuning

Bandwidth of the probe channels
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Fig. 4: Bandwidth of both channels of the probe
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¢) comparison at 10kHz Ch1 input, Ch2 output
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a) comparison at 30kHz Ch1 input, Ch2 output
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¢) comparison at 10kHz Ch1 input, Ch2 output
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b) comparison at 3kHz Ch1 input, Ch2 output

Fig.5: Wave form comparison with
different frequencieslkHz, 3kHz and
10kHz - active end of the generator
is connected to the inverting input
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b) comparison at 100kHz Ch1 input, Ch2 output

Fig.6: Wave form comparison with
different frequencies30kHz, 100kHz

and 300kHz - active end of the generator
is connected to the inverting input



Two channel high voltage ditterential probe for power
electronics applications

The active output of the generator is connected to the non-inverting input of the probe CMRR test and CMRR under high dv/dt voltages

- With the current settings of the components in the probe common mode rejection 1s roughly 40dB.
The small spikes in Fig. 11 show that some more tuning of the forcing capacitors C7 and C8 is needed

Tek AL e i Tek AL e PR Ay MESLE but the amplitude 1s acceptable for at this level of design.
] | o | | - Input voltage - 344V, output voltage 1s 1.88V multiplied by 50 from the scope, so we have abo ut
| | | | | | 0.55V output per 100V input. Most of the gates driving pulses are above 10V, so in case of measurements
| | ! i | such signals on the top transistors in an inverter supplied with 300V the common mode voltage which
o o will appear 1s 1.5V, so the differential probe 1s appropriate and for this kind of measurements as well.
PPk 2 PPk
346 36.2Y

CH2
o e o Fise Time

al0.0ns

320,1ns s

i Tek T Trig'd t Pos: .800,us rME&SLIRE
; CH2 L
' Rise Time : |

CH2 500% M 250us CH2 7 140V CH2 500 M 100us CH2 7 140V
27-May-13 0344 1.00234kHsz 27-May-13 0946 2.39657kH:
a) comparison at 1IkHz Chl input, Ch2 output b) comparison at 3kHz Chl input, Ch2 output | & CH:
| P—Pk
| 344y
Tek .. Trig'd M Pos: 4000ns  MEASLIFE |
+ I
| S :' |
| | | | 2+ | e
| ; ! | Sl Pl iy bty Pt apneiglipliel  Flice TiMne
| ! ! ! fi.a0ns ¥
CH2 S0.0% M 10.0us CH2 7 168
o Fig.5: Wave form comparison with
+ ° °
P—P¥ different frequencieslkHz, 3kHz and . o .
. Fig.11: CM rejection at high dV/dt
Sl 10kHz - active end of the generator S ) S
is connected to the noninverting input
| | | | e Final design
| | | ERREE i
bty Wbt o - Symmetrical topology - similar performance between both channels
CH2 500Y M 2500 CH2 7 140V - Distance between the screens and the inputs - above 12mm which provides enough safety margins
2T-May-13 0347 100620k for operational voltages up to +/-2kV.
¢) comparison at 10kHz Ch1 input, Ch2 output
Tek .. Trig'd M Pos 40.00ns  MEASURE Tek .. Trig'd M Pos 40.00ns  MEASURE
- -
I | :‘m
CH2 CH2
T Pr-pk : T Pr-pk
35.8Y 35.8Y
| | |
i | CHz | CHz
' | Rise Time b s Rise Time
075057 43,56n35
CHz 500%  M10.0us CH2 7 1.40Y CH2 5004 M250us CH2 7 1.40Y
27-May-13 0347 30.0112kH:z 27-May-13 0348 102383kH:
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Conclusions

-A probe with very good performance 1s developed, specially adapted to the needs of didactical and development
use 1in power electronics.

- The bandwidth is sufficient most of for power electronic applications, but special attention

has been given to dv/dt aspects. It follows the slew rate of 5V/ns at /50 and V/ns at highest

attenuation of /500 and 1t displays square waves without overshoot.

- The small input capacitance and the very good CMMR, allows MOSFET and IGBT gate measurements in

real power converters.

- The stand-by power 1s below 0.9W.

We don't observe any overshoot spikes in the rising and falling edges and the pulses are very closer to
the original ones. This is an important feature in converters as one wants to know the peak voltage
occurring at the power components.

Pulse and edge comparison under high dV/dt source

- Pulse source - DC chopper with amplitude of 330V and slew rate of 7.3V/ns
- Used scope - Tektronix TDS2014 together with high voltage probe P5120
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a) Pulse comparison - Chl output Ch2 input b) front comparison - Ch1l output Ch2 input

Fig.10: Wave form comparison at high dV/dt
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