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Using Current Surface Probe to Measure the 
Current of the Fast Power Semiconductors 

Ke LI, IEEE Member, Arnaud VIDET, IEEE Member, Nadir IDIR, IEEE Member 
(ke1.li@ed.univ-lille1.fr; arnaud.videt@univ-lille1.fr; nadir.idir@univ-lille1.fr) 

Abstract—With the advantage of high bandwidth and small 
insertion impedance, a current surface probe (CSP) used to 
measure switching current waveforms is presented in this letter. 
Its transfer impedance is characterized and validated by mea-
suring an IGBT switching current that is compared with those 
obtained with a current probe (CP) and a Hall effect current 
probe (HECP). Furthermore, by comparing with a current shunt 
(CS) to measure a GaN-HEMT switching current, it is shown 
that CSP is able to measure a switching current of a few 
nanoseconds, while it brings no infuence on transistor voltage 
waveform measurement. The obtained results show that, the use 
of CSP brings little parasitic inductances in the measurement 
circuit and it does not bring the connection of the ground to the 
power converter. 

Index Terms—Gallium Nitride (GaN), Fast switching current, 
Current measurement, Current surface probe, Probe transfer 
impedance, Current Shunt. 

I. INTRODUCTION 

W IDE bandgap power devices are gradually used in 
power electronic systems to achieve high power ef-

fciency [1]–[4], high frequency [5], [6] and high operating 
temperature [7]. In a traditional power converter with silicon 
(Si) transistor, current switches during several tens to hundreds 
of nanoseconds [8], while with GaN transistors, the current 
transitions may be shortened to a few nanoseconds [9], [10]. 
This evolution requires that the current measurement probes 
are with high bandwidth and with small insertion impedances. 
It is well known that the current probes insertion impedance 
in the measurement circuit may modify the current switching 
waveforms [11]. Among the current measurement techniques 
presented by authors in [12], [13], at present, there are 
Hall Effect Current Probe (HECP), Rogowski Coil (RC) and 
Current Shunt (CS) that are mainly used to measure power 
devices switching current of power converters. The advantages 
and drawbacks of those current measurement equipments are 
summarized in the following paragraph. 

• Hall Effect Current Probe (HECP): it is an active current 
probe with the advantage that it is able to measure DC 
current. The maximum bandwidth of a commercial HECP 
nowadays can reach up to 120MHz, with a maximum 
measurement DC current up to 30A. However, this probe 
brings an insertion impedance in the measurement power 
circuit, which may have infuence on both switching 
current and switching voltage waveforms. Otherwise, the 
HECP maximum measurement current decreases with 
the frequency increase [14]. According to their technical 
datasheets, the maximum value generally decreases to 

a factor of 6 above 10MHz. Thus, it is diffcult to 
use a HECP to measure GaN-HEMT switching current 
waveform during a few nanoseconds. 

• Rogowski Coil (RC): the main advantage of this probe 
is that there is no saturation phenomenon because it does 
not use magnetic materials [15]. Another advantage of the 
RC is that its volume is small, so it brings almost no in-
sertion impedance on the measurement circuit. No special 
current measurement circuit is necessary, because it can 
be wound around one leg of the power device. Therefore, 
the commutation mesh of the power devices when using 
this probe is small. However, the main drawback is that 
the commercial RC is limited at a maximum frequency 
of 30MHz, which equals to the current switching time of 
10ns. 

• Current Shunt (CS): it is nowadays widely used for fast 
switching current measurement. Authors in [10], [16], 
[17] used the CS to measure SiC-JFET and GaN-HEMT 
switching current. The advantage of the CS is that it 
has a large bandwidth (above 1GHz), which makes it 
totally adapted for the fast switch power semiconductors. 
However, the CS links the ground of the oscilloscope to 
the measurement power circuit, in which special cautions 
must be taken when another ground connection equip-
ment is used in the circuit (in case of simultaneous current 
measurement by CS). This drawback also introduces a 
hard-to-be-controlled common mode loop of the circuit 
(modifcation of the circuit potentials and the common 
mode current paths), which may infuence the measure-
ment results. It can be also noted that there is no isolation 
between the CS and the oscilloscope and its insertion 
impedance can vary from several to more than a dozen 
nH according to different models [16], [17]. Besides that, 
the heating can become also a problem of the CS [18]. 

Apart from the above current measurement equipments, 
there is also passive clamped-on current probe (CP), which is 
applied by authors in [19] to measure power converter com-
mon mode and differential mode currents. The advantage of 
the CP is that it has a large bandwidth up to several hundreds 
megahertz, however, the CP is usually bulky, which brings an 
inevitable insertion impedance in the power converter. There 
are smaller clamp-on CPs, but they can not be generally 
opened, which is not practical in use. 

To adapt to fast switching current measurement, using a 
current surface probe (CSP) is proposed in this letter. The 
dimension of the used CSP in comparison with other current 
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TABLE I: Characteristics of different current measurement equipments 

Current Surface Probe (CSP) Current Probe (CP) Hall Effect Current Probe (HECP) Current Shunt (CS) 

FCC F-96, 1MHz-450MHz FCC F-33-3, 1kHz-200MHz Lecroy CP030, DC-50MHz SDN-414-025, DC-1.2GHz 

8mm
SDN-414-025

10mm

19mm

13mm

SMA
port

Insulated
Base

19mm

F-33-3

13mm

CP030

Fig. 1: Dimension of different current probes 

probes is shown in Fig. 1 and their characteristics are given in 
TABLE I. The CSP is a passive probe that allows measuring 
currents on metallic conductors (PCB track), which is easy to 
be put and removed from the power converter. An insulated 
base at one end of the probe helps to provide a galvanic 
isolation with the conductor, so that the probe can contact 
directly with the surface over which the current fows. At 
another end, it is an SMA port. 

In this letter, in section II, the current measurement method 
by CSP is presented. As CSP is a passive probe, its complex 
transfer impedance is characterized and further verifed by 
comparing the measured IGBT collector switching current 
together with a passive current probe (CP) and an HECP, of 
which the dimensions are shown in Fig. 1. In section III, to 
measure the fast transistor switching current, a GaN-HEMT 
drain current waveform is measured and compared between the 
CSP and a CS shown in Fig. 1. The GaN-HEMT drain-source 
voltage VDS is measured to demonstrate the infuence of the 
CSP insertion impedance on voltage waveforms. Conclusions 
are followed after these measurement results in section IV. 

II. CURRENT MEASUREMENT METHOD BY CSP 

A. CSP Transfer impedance characterization 

The method proposed by authors in [20], [21] is adapted in 
this study to determine the CSP transfer impedance with the 
use of a Vector Network Analyzer (VNA) (Agilent E5071C) 
on 3 ports. The measurement confguration is illustrated in 
Fig. 2(a) and the implementation of the CSP is shown in 
Fig. 2(b). Due to CSP dimension (Fig. 1) and its special 
half clamp-on structure, its transfer impedance is suspected 
to be dependent on PCB geometry. For this reason, three 
PCB confgurations, shown in Fig. 3, are designed in the 
aim of studying the PCB geometry infuence on CSP transfer 
impedance. The width of all PCBs is 19mm which equals to 
the CSP width. 

The transfer impedance characterization helps to get not 
only the impedance but also the phase information, which 
is not generally given in current probes technical datasheets. 
Hence, the CSP complex transfer impedance can be used 
to compensate its measured current amplitude in frequency 
domain. Then, the compensated current amplitude can be 

(a) Measurement confguration (b) Measurement photo 

Fig. 2: CSP transfer impedance measurement confguration 

(a) PCB1 (b) PCB2 (c) PCB3 

Fig. 3: Three PCB confgurations to characterize CSP transfer 
impedance 

converted into time domain via iFFT to have temporal current 
waveforms. The fowchart is shown in Fig. 4(a). 

The complex transfer impedance measurement results are 
shown in Fig. 4(b). Above 100MHz, there is a phase shift from 
-180° to +180°, which shows a signal delay due to the N-SMA 
cable connecting CSP to the VNA. From 10MHz to 200MHz, 
the difference between PCB1 and PCB2 is about 1.8dB (which 
corresponds to 24% difference on the delivered probe voltage, 
which is notably visible on time-domain waveforms), while 
that between PCB2 and PCB3 is about 0.4dB (which equals to 
5% difference in time domain). This result clearly shows that 
the CSP transfer impedance depends on the PCB geometry, so 
it is necessary to keep the PCB in the same confguration both 
in transfer impedance characterization and in power converter 
current measurement. 

It is shown in Fig. 4b that below 1MHz, the CSP transfer 
impedance is so small that the characterization results are 
almost in the noise level, which shows that CSP is suitable for 
fast switching power devices when power converter switching 
frequency can arrive to several megahertz. The best measure-
ment sensibility is achieved within the 3dB bandwidth, which 
is estimated above 50MHz in Fig. 4c. This corresponds to 
an approximate current switching time less than 6ns, which 
confrms that CSP is adapted to measure fast switching current. 
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Fig. 4: Flowchart and CSP complex transfer impedance mea-
surement results 

B. IGBT collector current measurement 

In order to validate the obtained results, all the aforemen-
tioned current probes are used with a buck converter (Fig. 5(a)) 
to measure IGBT collector current simultaneously. The width 
of the PCB connecting the diode anode to the IGBT collector 
is 19mm. The CSP transfer impedance based on PCB3 is 
used to compensate CSP measured current, while CP transfer 
impedance is characterized with the same method. 

As CSP and CP transfer impedances are characterized until 
400MHz and 200MHz respectively, the converted currents in 
time domain are sampled at 800MHz and 400MHz individu-
ally. 

The measured waveforms of the collector current at turn-
on and turn-off are shown in Fig. 5(b)(c). As shown in these 
results, the current measured by CSP and CP in time domain 
corresponds to the current measured by HECP. Furthermore, 
the same collector peak current and oscillation frequency 
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Fig. 5: IGBT current waveform measurement confguration 
and results 

(53MHz) amplitude shown in Fig. 5(b) are measured both 
by CSP and CP, which are about 20% superior to those 
measured by HECP due to the attenuation in HECP transfer 
function above 50MHz. This result proves the validity of the 
CSP transfer impedance characterization results. Otherwise, if 
CSP transfer impedance characterization based on PCB1 or 
PCB2 were used, a 24% or 5% difference would be observed 
between CSP and CP in the measured current. The CSP current 
measurement method presented in Fig. 4(a) and its transfer 
impedance characterization results in Fig. 4(b) can be validated 
by these measurement results. 

III. GAN-HEMT DRAIN SWITCHING CURRENT 
MEASUREMENT 

In this section, the CSP is compared with a CS to measure 
the GaN-HEMT fast switching current. It is to be noted that 
because of its large bandwidth, the CP is able to measure 
switching current during several nanoseconds. However, the 
big dimensions of CP shown in Fig. 1 create a long current 
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Fig. 6: GaN-HEMT buck converter with two current probes 

loop in the measurement circuit, which has a consequence to 
increase parasitic inductances of the power circuit. The com-
parison of CSP and CP on fast switching current measurement 
has been reported by authors in [22]. 

A. GaN-HEMT power converter 

To measure fast switching current, with the electrical circuit 
shown in Fig. 6(a), a buck converter using a GaN-HEMT 
(EPC2012) and Si-Schottky diode (MBRS3200T3G) is real-
ized with the PCB shown in Fig. 6(b). The GaN-HEMT drain 
current (ID) fows from the source “S” of the power transistor 
to the negative terminal “-” of the DC bus capacitors, which 
are indicated as point A and point B respectively. Therefore, to 
measure the drain current, either CS or CSP is connected from 
point A to point B. The measurement setup of each current 
probe is shown in Fig. 6(c)(d). 

In order to realize GaN-HEMT fast switching, it is important 
to keep the commutation mesh as small as possible to have less 
parasitic inductances Lpara. Therefore, CS and CSP insertion 
impedances are compared frstly. The insertion impedance of 
the CS mounted on a PCB using to connect point A and 
point B (Fig. 6(c)) is characterized directly with an impedance 
analyzer (IA) (HP4294A). The insertion impedance of the CSP 
is measured in the following steps: frstly, the impedance of 
a PCB connecting point A and point B is measured by the 
IA. Then, the CSP is fxed above the PCB with one end 
connected to a 50Ω termination resistor via an N-SMA cable 
and the shielding part of the cable is connected to the Guard 
of the impedance analyzer. Thus, the impedance of the PCB 
with CSP is measured. The measurement confguration and its 
realization are shown in Fig. 7. 

The measurement results are shown in Fig. 8. It can be seen 
that, the insertion impedance (equivalent to Lpara) induced 
in the measurement power circuit when using CS is about 
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PCB
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(a) Measurement confg-
uration 
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PCB

CSP

Guard

(b) Measurement real-
ization 

Fig. 7: CSP insertion impedance measurement confguration 
and its realization 
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Fig. 8: CS and CSP insertion impedance measurement results 

14nH (which is mainly due to the connection pins and internal 
parasitic inductance of the CS itself [17], [23]) and when using 
CSP together with the PCB is about 4.5nH. These results 
show that the use of the CSP brings even less Lpara in the 
measurement circuit than CS. Furthermore, it can be seen in 
Fig. 8 that the Lpara of the PCB alone and the PCB with 
the CSP is almost the same, which means that the insertion 
impedance of the CSP is much less than 1nH. This advantage 
of the CSP guarantees that it has almost no infuence on 
measurement confguration. 

B. GaN-HEMT drain current measurement 

The side view from left side to right side in Fig. 6(c) can be 
further expressed in Fig. 9(a) when the CSP is used to measure 
drain current. In Fig. 9(a), it can be seen that the ID return 
current to the negative terminal of the Cbus fows under the 
PCB. This design is to minimize Lpara in the power devices 
switching mesh when using CSP, however it may modify CSP 
transfer impedance, because the return current may generate 
a magnetic feld in opposite direction with that generated by 
the current fowing over the PCB track, so as to reduce the 
total magnetic feld captured by the CSP, thus to reduce CSP 
transfer impedance. For this reason, the infuence of the return 
current on CSP transfer impedance needs to be considered. 
Therefore, different like the measurement confguration shown 
in Fig. 2 in which the infuence of the return current can not be 
characterized, another measurement confguration will be used 
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as illustrated in Fig. 9(b). Here, a return current fows under 
the PCB, thus its infuence on CSP transfer impedance can be 
characterized. The CSP transfer impedance without and with 
the return current under the PCB is compared in Fig. 10. The 
dimension of the PCB in the two measurements is the same 
as that used in the power converter. 

It can be seen in Fig. 10 that the maximal CSP transfer 
impedance difference of both cases above 10MHz can arrive at 
about 11dB, which puts in evidence the infuence of the return 
current on CSP transfer impedance. If this phenomenon is not 
taken into consideration, then a huge difference will appear on 
the transistor switching current waveform measured by CSP. 

It is to be noted that even though CSP transfer impedance is 
degraded in this condition, it reaches 200mΩ above 100MHz 
(about -14dBΩ), which makes it satisfactory for accurate mea-
surements at high frequency. Still it is important to research 
on its sensitivity on lateral displacement and angular rotation. 
For this reason, its transfer impedance is characterized by 
displacing the CSP from the center of the PCB track with 
±2mm and by rotating from the center with ±20◦ . 

The measurement results of its transfer impedance (Zt) sen-
sitivity on lateral displacement (dZt/dx) and on angular rota-
tion (dZt/dθ) are shown in Fig. 11, in which dZt/dx is less 
than 1dBΩ/mm and dZt/dθ is much less than 0.1dBΩ/degree. 
Furthermore, during all the measurements, the standard deriva-
tion of Zt is less than 1dBΩ from 10MHz to 100MHz, which 
shows that CSP Zt is only little infuenced by imprecise 
centering on the PCB track. 

The power converter switching condition is double-pulse 
test. The width of the pulse is controlled to have a switching 
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Fig. 11: CSP transfer impedance sensitivity on lateral displace-
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current about 1.5A. The switching voltage (VDS) is 50V. In the 
turn-on switching current shown in Fig. 12(a), the measured 
current rise time by CSP and CS is almost the same, which 
is about 2.5ns. An almost same resonance amplitude above 
200MHz at the end of the turn-on switching is represented 
both by CSP and CS. In the turn-off switching current shown 
in Fig. 12(b), except for the resonance amplitude at around 
100MHz, the current waveform measured by CSP is similar 
to that measured by CS. All the above results prove that 
CSP is able to measure the fast switching current of a few 
nanoseconds as well as the CS, and its transfer impedance 
characterization results presented in Fig. 10 can be validated. 
It is also shown in this result that the decrease of Zt has little 
infuence on measurement accuracy. 

The main difference between the measured current wave-
forms is that there is more peak current amplitude measured by 
CS than CSP both in turn-on and turn-off switchings. This dif-
ference is mainly due to the difference in current measurement 
circuit of CS and CSP. It is to be noted that in Fig. 6(b), the 
CS creates a loop area which might capture the high frequency 
interferences. As shown in the resonance frequency in Fig. 12, 
that measured by CS is lower than that measured by CSP, 
which shows more parasitic inductances brought by the CS 
than CSP in the power device switching mesh, thus it gives 
rise to more current resonance amplitude. CS and CSP could 
be simultaneously inserted in the power converter to measure 
the exact same switching current, however, Lpara would be 
increased in the GaN-HEMT switching mesh and it might slow 
down the current transition times in this situation. 

The Lpara difference in the power converter when using 
CS and CSP can be also demonstrated by measuring turn-
off voltage waveform. For this reason, VDS is measured by a 
passive voltage probe (VP) (Lecroy PPE4kV, DC-400MHz) in 
the following conditions: frst case, there is CS and VP in the 
measurement circuit, which is shown in Fig. 13(a). VP also 
brings the connection of the ground of the oscilloscope in the 
measurement circuit, thus, it is necessary that the reference 
point of the VP and the CS is the same point in the power 
converter due to this inconvenience. Second case, there is 
CS and VP in the measurement circuit, which is shown in 
Fig. 13(b). Third case, there is only VP in the measurement 
circuit, which is shown in Fig. 13(c). 
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Fig. 13: GaN-HEMT VDS switching voltage measurement 

The measured VDS switching voltage waveforms at each 
condition are shown in Fig. 14. It can be seen in Fig. 14(b) 
that the use of CS causes 5% more VDS turn-off surge voltage 
than CSP for a voltage rise time of about 6ns. This difference 
will be further increased if the voltage switching time is 
further shortened. The use of CS also causes a lower turn-
off resonance frequency than that of CSP. The above results 
prove that the use of CSP brings less Lpara than CS in 
the measurement power circuit, which confrms the current 
measurement difference observed in Fig.12. It can be also 
observed that the use of CSP does not modify VDS voltage 
waveforms, even in the case that the VDS turn-on switching 
time is about 1ns. This result confrms the measurement results 
in Fig. 8 that the advantage of the CSP is that it brings almost 
no insertion impedance in the measurement circuit. 

IV. CONCLUSION 

This letter introduces a current measurement method based 
on current surface probe for the fast switching power semi-
conductor devices. With the advantage of small dimension 
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Fig. 14: GaN-HEMT VDS switching voltage measurement 
results 

and isolation, current surface probe allows to have a small 
commutation mesh in the power circuit while bringing no 
connection to the ground of the oscilloscope in the power 
converter through the measurement equipment. Its transfer 
impedance is frst characterized on different PCBs to show 
its dependency on track dimensions. This study shows that 
it is necessary to characterize the CSP transfer impedance 
on the PCB that will be used to measure the current in the 
power converter. Then, the CSP complex transfer impedance is 
used to compensate its measured current in frequency domain, 
and then the compensated current amplitude is converted into 
time domain via iFFT to have temporal current waveforms. 
By comparing IGBT collector switching current waveform 
measured by CP and HECP, the CSP transfer impedance 
characterization is validated. 

Furthermore, the CSP and CS are further compared to 
measure fast switching current of the GaN-HEMT. A buck 
converter is designed to minimize parasitic inductances in 
order to shorten switching times. It is shown that the CSP 
transfer impedance can be modifed when there is a return 
current under the PCB where the CSP is mounted. By tak-
ing this phenomenon into consideration, the converted drain 
switching current is verifed by comparing with the CS. The 
difference of the measured current is mainly due to the 
different parasitic inductances when using CS and CSP, which 
is further confrmed by measuring VDS switching voltage. It 
is also shown that the CSP insertion impedance is so small 
that the use of it has no infuence on VDS switching voltage 
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measurement. 
Finally, as CS brings the ground of the oscilloscope into 

the measurement circuit, special care is necessary when using 
other grounded measurement devices. Contrary to that, the 
CSP has the advantage of keeping the current measurement 
isolated from the power converter. A common mode loop is 
introduced in the circuit by the ground connection through the 
CS, and it may modify the common mode current paths. Future 
communications will be focused on this aspect on current 
measurement of the high frequency GaN power converter. 
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