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Abstract 

A traction inverter's over-current issue may be a sign of hardware malfeasance, ageing, faulty control algorithms, or interference with logic 

signals. As a result, accurate over-current condition monitoring during inverter operation is a crucial step in the development and product 

validation of inverters. This study examines various frequently used over-current detection techniques as well as a handful that have been 

theoretically validated. The sensing bandwidth, sensing accuracy, and implementation difficulty of the investigated over-current detection 

systems are the key areas of this review. This review comes to a conclusion regarding the benefits of those widely used approaches and the 

application needs for the theoretically and experimentally validated methods. conserving transistors is a good thing. 
 

 

1. Introduction 

In industrial applications and automotive applications, 

traction inverters are commonly used to convert DC input to 

AC output. The operating condition of a traction inverter 

can affect the power conversion output characteristics, the 

DC input’s performance, and the inverter’s self-reliability. 

Current and temperature are two of the critical metrics for 

inverter operation reliability. Inverter components such as 

power semiconductor and DC link capacitors are designed 

to operate within a safe current range and temperature 

range. Out-of-range inverter operation can result in poor 

inverter efficiency, quick aging of the inverter components, 

and permanent damage on critical inverter components [1]. 

Generally, critical components’ temperature and current 

capability are cross-coupled. Thus, the inverter over-current 

detection sometimes can induce the consideration of in- 

verter operating temperature [2]. 
State-of-the-art reviews on traction inverter current 

sensing have categorized existing methods based on sensing 

locations, monitoring signals, and complexity of hardware/ 

software implementation [3, 4]. Separate discussions for 

traction inverter open-circuit faults and short-circuit faults 

clarify the application of traction inverter current sensing on 

the two major inverter operation faults [4]. The short-circuit 

fault can result in a sudden current increase in the traction 

inverter, and the study in [4] falls into the category of this 

review. The temperature sensing on inverter’s critical 

components, for instance, switching power semiconductor, 

can sometimes include current sensing. The temperature- 

current look-up tables in [5] indicate that, in some appli- 

cations, accurate current sensing, especially at high current 

conditions, is a factor for accurate temperature sensing. 

Under fault-free operations, over-current detections 

usually require high sensing accuracy since a small per- 

centage of current change at high current or marginal over- 

current operation can induce large inverter loss change 

[6, 7]. Switching power semiconductors’ tolerable short- 

circuit time is usually several microseconds under a short- 

circuit fault condition. As a result, the sensing bandwidth or 

response time for inverter over-current detections is critical. 

Another critical metric to evaluate inverter over-current 

detection methods is implementation complexity. In ap- 

plications like electric vehicles, compact and low-cost design 

for traction inverter is widely accepted. Thus, a detection 

method with simple implementation can be more com- 

petitive over those complex methods. 
This review discusses several widely used over-current 

detection methods for traction inverters. Based on the 

discussion on sensing bandwidth, sensing accuracy, and 
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implementation complexity, the advantages of those widely 

used over-current detection methods are provided. Potential 

commercialization requirements for those theoretical and 

prototypingly approved methods are concluded by this 

review. 

 

2. Over-Current Locations in a 

Traction Inverter 

The three-phase output over-current of a traction inverter 

occurs on the three-phase connections between the traction 

inverter and the three-phase load. It is common to sense an 

inverter’s three-phase output current at the location as 

marked in red in Figure 1. Current sensors are commonly set 

up at this location for phase current sensing. Under fault- 

free inverter operations, this can also be a location for in- 

verter output over-current detection. Note that an inverter’s 

three-phase output current can also be sensed at other lo- 

cations as the following discussed. 

The red locations in Figure 2 show the locations for 

inverter high-low side short-circuit detection. The inverter 

high-low side short circuit is a faulty operating condition 

and can induce a very high current in a short period of time. 

To protect the switching power semiconductor from over- 

current failure, the response time of this over-current 

condition should be less than the maximum allowable short- 

circuit time of the switching power semiconductors. 

Under a fault-free operating condition, the locations in 

Figure 2 can also be used for three-phase output over- 

current detection. 

The red locations in Figure 3 shows the locations for 

inverter DC link short-circuit detection. Similar to the in- 

verter high-low side short circuit, the DC link short-circuit is 

 

 

FIgurE 1: Traction inverter’s three-phase output current sensing 

location. 

 
 

FIgurE 2: Traction inverter’s high-low side short-circuit detecting 

location. 

 

 

another faulty operation and can induce a very high current 
in a short period of time. Thus, a fast response time is re- 

quired for over-current detection at this location. Note that 

the DC link short-circuit detections are not necessarily set 

up inside the inverter. Setting up the DC link short-circuit 

detection in the DC power source (a power battery, a DC 

power supply, etc.) is an alternative. 

The earth ground or the housing of the traction inverter 

is usually configured so it has the same voltage as the DC link 

voltage’s midpoint or the low point. An inverter hotline- to-

earth ground short, as shown in Figure 4, can also induce a 

very high current in a short period of time. The detection of 

this over-current condition is usually a combination over- 

current detection at locations as shown in Figures 1–3. 

FIgurE 3: Traction  inverter’s DC link short-circuit detecting 
location. 

 

3. Over-Current Detection Methods 

 Magnetic Field-Based Over-Current Detection. The 

magnetic field-based current sensing utilizes the 

circulating magnetic field generated by the phase 

current in a busbar. As shown in Figure 5, a C-shape 

ferrite core (colored with light blue) is used to constrain 

the generated magnetic field, and a hall-effect field 

detector (colored with red) is used to measure the field 

density. With a proper design of the shape of the ferrite 

core, the field density in the airgap of the C-shape 

ferrite core can be to-scale of the busbar current [8]. 

FIgurE 4: Traction inverter’s hotline-to-earth ground short circuit. 

 
Note that in some applications, the C-shape ferrite core can 

be replaced with a U-shape shield [9]. With proper field 

decoupling solutions, less than 1% sensing error can be 

achieved without using any magnetic field constrains 

(a U-core or a C-shield) [10]. 

The magnetic field-based current sensing methods are 

commonly used for traction inverter phase current sensing 

as shown in Figure 6. Generally, the sensing range of the 

Earth 

ground 
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FIgurE 5: Magnetic field-based current sensing. 

 

 

 
 

 

 

 

 

 
FIgurE 6: Traction inverter phase current sensing with the mag- 
netic field-based sensors. 

 
 

phase current sensor will be set to 1.3 to 1.5 times the full 

load current so the redundancy can be used for over-current 

detection. As afore-discussed, as long as the magnetic field 

constrains are not saturated, the over-current detection can 

be as accurate as the in-range phase current sensing. 

The over-current response time of a hall-effect field 

detector output can be several microseconds [11]. However, 

due to the switching noise on the inverter output phase, RC- 

type filters are commonly used on the outputs of the inverter 

phase current sensor [12]. Thus, the response time can be 

further reduced. 

The magnetic field-based current sensors do not have a 

galvanic connection to the phase-current busbar. As a result, 

no signal isolation is required and the hall-effect field de- 

tector can share the same power supply with the inverter’s 

microcontroller. If any magnetic field constraints (such as a 

C-shape core or a U-shape shield) are used, the current 

sensor can be bulky. 

 

 Shunt Resistor-Based Over-Current Detection. The 

shunt resistor-based current sensing detects the voltage 
drop across a resistor and estimates the current through 

the re- sistor based on i V/R. In a traction inverter 

application, a common design for a shunt resistor is a 
small piece of alloy with a very low resistance-

temperature dependency and the sensing accuracy can 
achieve less 1% error [13]. Because the measurement of 

the voltage drop across the shunt requires a galvanic 

connection to the busbar, an isolation circuitry can be 
required between the current sensor and the micro- 

controller, as shown in Figure 7. Similar to the 

magnetic field-based current sensing, if a shunt is used 
for traction inverter phase current sensing as shown in 

Figure 8, the sensing range can be set up-to 1.3 to 1.5 
times the full load 

FIgurE 7: A shunt resistor-based current sensor with amplifer and 
isolator. 

 

 

FIgurE 8: Traction inverter phase current sensing with the shunt 
resistor-based current sensors. 

 
current so the redundancy can be used for over-current 

detection. 

If an isolation circuitry is used, the shunt resistor-based 

over-current detection’s response time will mostly rely on 

the response time of the isolation circuitry. Some com- 

mercialized solutions can provide an up-to several nano- 

seconds response time [14]. 

If shunt resistors are set up at the location as shown in 

Figure 2, the over-current detection circuitry can share the 

same power supply with the gate drive. The benefit of having 

the over-current detection circuitry and the gate drive to 

share the same power supply is that the over-current 

feedback can directly regulate the gate drive without signal 

isolation. Regan at al. [15] has proposed various of shunt 

resistor-based over-current detection solutions. A typical 

solution is shown in Figure 9. Because of the usage of the 

filtering capacitor Cfilt, the response time can be several 

nanoseconds to several microseconds. 

 
 Detection on a Power Semiconductor. When a 

power MOSFETor an IGBT is on, the device’s on-state 

voltage drop will increase with the forward current. 

Thus, the on-state voltage drop of switching power 

semiconductor can be used for over-current detection. 

Considering that the power semiconductor’s “on-state 

voltage-to-forward current” re- lationship is 

temperature-sensitive, this method may not meet the 

accuracy for current regulation. Usually, this method is 

used for high-low side short-circuit detection as afore-

discussed with Figure 2. When a high-low side short- 

Copper 

Shunt 

Copper Amplifier Isolator 
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FIgurE 9: Shunt resistor-based over-current detection. 

 

circuit occurs, a very large on-state current will pull the 

device into saturation. By detecting on-state voltage drop 

and turn off the power semiconductor switch before the 

device saturates, a high-low side short-circuit faulty oper- 

ation can be stopped. This type of over-current detection is 

also named as desaturation protection. 

In [16], two typical over-current detection solutions are 

proposed based on desaturation circuit, as shown in Figures 10 

and 11. In the case of Figure 10, a high over-current will 

generate a large on-state voltage across the power switch. The 

voltage across Cblk will track the on-state voltage and eventually 

trigger the over-current protection. The response time of the 

over-current detection mostly depends on the output rating of 

the constant current source Ic and Cblk. Due to the high 

switching noise across the power switch, Cblk is required and it 

results in tens of nanoseconds to several microseconds’ delay. 

Some switching power semiconductor has an internal current 

sensing output as shown in Figure 12. The afore-discussed 

desaturation circuit can also be used for over-current detection. 

The benefit of using the desaturation circuit is that 

the sensing circuitry can share the same power supply with 

the gate drive. In [16], a gate drive solution that integrates 

the desaturation circuit into the gate drive IC is provided. 

 

 Detection with the Power Semiconductor Gate Drive 

Circuitry. The interaction between the gate drive and 

the switching power semiconductor during the 

switching transient can be correlated to the device 

current and device junction temperature [17]. If the 

effect of junction tem- perature is mild or can be 

decoupled, the gate drive switching performance can 

be used for switching power semiconductor over-

current detection. Generally, over- current detection 

using gate drive switching performance is used at 

locations as shown in Figure 2. Niu and Lorenz [18] 

proposed a method to use gate drive output current for 

over- current detection as shown in Figure 13. In [19–

22], several over-current detection methods based on 

gate drive output voltage are proposed. The methods 

using gate drive switching performance generally require 

signal processing to correlate the measurement to the 

power device’s current. 

FIgurE 10: A desaturation circuit using constant current source. 

 
 

FIgurE 11: A desaturation circuit using voltage divider. 

 
 

FIgurE 12: Over-current detection using IGBT internal current 
sensor. 

 
Because of the temperature dependency and the power 

semiconductor part-to-part variation, most of the gate drive- 

based over-current detection cannot achieve very high ac- 

curacy. For those methods based on the gate drive switching 

transient, every current measurement is achieved right after 

the switching transient. If a short-circuit occurs at the 

middle of a conduction cycle, over-current can only be 

detected after the next switching transient. 

 
4. Hardware and Software Implementations 

The applications of the afore-discussed methods on different 

over-current detecting locations are summarized in Table 1. 
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TaBlE 2: Power supply solutions for the over-current detection 
methods. 

Inverter Gate drive Independent 

controller  power isolated 

  power supply supply power supply 

Magnetic field-based Suitable Feasible Feasible 

Shunt resistor-based  Feasible Suitable 

Detection on power 

semiconductor 

Detection with gate 

Suitable 

 
Suitable 

 drive  

 

TaBlE 3: Signal processing requirements for the over-current 

detection methods.  

Direct 

detection 

 
Simple 

circuitry 

 

Complex 

signal processing 

FIgurE 13: Over-current detection using gate drive output current 

pulse peak. 

  processing  

Magnetic field-based Yes 

Shunt resistor-based Yes 

 
TaBlE 1: Over-current detecting locations. 

Inverter 

Detection on power 

semiconductor 

Detection with gate 

Yes  

Sometimes 

 

 
Yes 

3-phase 

over- 

Inverter 

high-low side 

Inverter DC 

link short- 

drive feasible 

current 
short-circuit circuit 

condition. The methods based on “detection with gate drive” 
Magnetic field-based Suitable Can be bulky Suitable 

Shunt resistor-based Suitable  Suitable Suitable 
can require complex signal processing such as peak detec- 
tion, integration, high-resolution time count, and so forth. 

Detection on power 
semiconductor 

Detection with gate 

Suitable 

 
Suitable 

As a result, hardware/software implementation can be ex- 

pensive. The aforementioned signal processing requirements 

are summarized in Table 3. 
 drive  

 
The magnetic field-based current sensing methods and the 

shunt resistor-based current sensing methods can be applied 

to all three over-current detecting locations. For the over- 

current detecting methods based on “detection on power 

semiconductor” and “detection with gate drive,” the most 

suitable applications will be the inverter high-low side short- 

circuit detection. 

The power supply solutions for the afore-discussed over- 

current detection methods are summarized in Table 2. The 

magnetic field-based over-current detection circuitry is 

galvanic isolated to the conductor. Thus, it can share a power 

supply with the inverter controller and directly communi- 

cate with the controller. The shunt resistor-based over- 

current detection circuitry will directly connect to the high 

current conductor, and it is suitable to have an independent 

isolated power supply. For the over-current detecting 

methods based on “detection on power semiconductor” and 

“detection with gate drive,” since the detecting components 

(the power semiconductor or the gate drive) is directly 

driven by the gate drive power supply, it is suitable to have 

the detecting circuitry to share the same power supply with 

the gate drive. 
For the “magnetic field-based methods,” “shunt resistor- 

based methods,” and the “methods based on detection on 

power semiconductor,” the measurement can be directly 

compared to a threshold to validate the over-current 

This paper has covered the discussion for over-current 

sensing response time. The response time for the afore- 

mentioned over-current sensing methods can be case- by-

case due to the selection of filtering circuity and sampling 

frequency. Instead of directly providing a response time 

comparison, a comparison of dominant sensing response 

time contributors is listed as shown in Table 4. Generally, the 

“magnetic field-based methods” and the “methods based on 

detection on power semiconductor” have the dominant 

sensing response time contribution from RC filter-induced 

delay because of the switching transient induced noise. The 

“shunt resistor-based methods” are more dominated by the 

isolation delay. For the methods based on “detection with 

gate drive,” over-current detection only occurs at the 

switching transient. Thus, the largest possible sensing re- 

sponse time is the time period between two switching 

transient actions. 

5. Conclusions 

This paper reviews several widely used over-current detec- 

tion methods and a few theoretically approved over-current 

detection methods. The application and the popularity of the 

discussed over-current detection methods rely on their 

sensing accuracy, sensing bandwidth, and implementation 

complexity. Suitable over-current detecting locations, cir- 

cuitry power supply selections, and requirements for signal 

processing are concluded. 

Vdd Look-up 
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TaBlE 4: Dominant sensing response time contributors for the 
over-current detection methods. 

[12] M. Nari, “A dual-shielding method for magnetic field-based 
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RC 
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