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Short Abstract

To measure the transient current of very fast switching circuits, sensors with a high frequency bandwidth are needed. For such an accurate current
sensor, the voltage measured from the two ends of the sensor conductor must be proportional to the passing current in all conditions. The main problem
of these sensors is the change in the impedance of this conductor at different frequencies. In this way, the relationship between the measured voltage
and the desired current is not linear and the measured value is not valid. Also, the change of conductor resistance due to skin effect can also be the
cause. In this article, it is shown that based on coaxial shunt sensors and the selection of the thickness of the sensor conductors, the effect of internal
conductor inductance and skin effect can be eliminated in the desired bandwidth. The conductor of the inner pipe of the sensor is divided into several
parallel parts, which causes a greater increase in the ratio of ohmic resistance to inductance. Also, the inductance of this conductor has been calculated
analytically. To design the sensor based on the frequency bandwidth and current pulse characteristics, the sensor design flowchart was proposed and
based on that, a current sensor for the MHz frequency bandwidth and a sensor for the GHz frequency bandwidth were designed and then a sample
current sensor was made. And by that, the flat current pulse with the amplitude of 146A and the width of 2.5ms and the standard current pulse of 20.8ps
with the amplitude of 2kA and the width of 32us have been accurately measured.
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1-  Short Introduction

Coaxial current sensors are one of the important measuring tools in the electrical laboratory. The feature of these sensors is the ability to measure
signals with a large range up to several kiloamperes, as well as the ability to measure transient signals with a very high rate of change. The main problem
is the measurement of very fast transient pulse waves. It means waves with a small rise time, ranging from microseconds to nanoseconds. Therefore,
the structural parameters of this sensor, which are effective in increasing the bandwidth, should be taken into consideration.

2-  Proposed Work and Methodology (including comprision, simulation/experimental results and discusion)

The inner tube was made of four parallel pieces to increase the ratio of ohmic resistance to inductance by increasing the ohmic resistance. The
inductance of the parallel multi-piece tube is calculated for the first time in this article. The thickness of the tube was reduced enough to eliminate the
skin effect for the desired frequency. The diameter of the inner tube is such that the ratio of inductance and resistance at the desired frequency cannot
reduce the bandwidth. Also, the diameter of the outer tube is such that the capacitor between the two tubes and the resistor cannot reduce the bandwidth
at the desired frequency. In addition, in the design, thermal considerations have been made for the measured pulse. The flowchart of the design steps is
provided. In the laboratory test with the prototype sensor, the flat current pulse with an amplitude of 146 amps and a width of 2.5 milliseconds and a
standard current pulse of 20.8 microseconds with an amplitude of 2 kiloamperes and a width of 32 microseconds have been measured with good
accuracy.

3-  Conclusion

Using several parallel conductors instead of the internal tubular conductor of the coaxial shunt sensor can increase the ohmic resistance of the tube.
This increase in resistance is effective in increasing the output voltage and reducing the effect of noise. Also, increasing the resistance makes it possible
to establish the condition of relation (9) better. In this way, the bandwidth limit is reduced. The resistance and inductance of the inner tube which is
divided into several pieces was calculated. An algorithm for designing the sensor based on the characteristics of the measured pulse was presented, and
the results of the constructed sample confirm the correctness of the design.
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