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Abstract: Due to IGBT (Insulated Gate Bipolar Transistor)'s excellent ability to process 
electric power，it is widely used in power transformation at present, however, destructions 
of IGBT have reached by 60 percent due to the rise of IGBT’s junction temperature. On the 
one hand, this paper proposes the defect of difference between conduction voltage drop at 
different driver voltages as a thermal parameter from the angle of static thermal parameter 
method, and proposes a circuit which uses operational amplifier to achieve voltage 
reduction while accurately measures the conduction voltage drop; On the other hand, from 
the angle of dynamic thermal parameter method, this paper uses the amplitude of 
oscillating voltage generated by the inductor to reflect the change in junction temperature 
dynamically. 

1. Introduction 

Power electronic devices are widely used in power conversion and power control due to their 
good withstand voltage and current resistance, however, because electric power of device is too 
large, junction temperature of device is likely to rise, which may affect the operation of the device 
and cause damage to the structure of the device. At present, more than 60% of the device damages 
are caused by an increase in junction temperature of device, therefore, improvements on assessment 
methods of IGBT’s junction temperature are of great significance for maintaining the quality of 
power conversion and the efficiency of power control, and are also of great significance for 
protecting the structure and normal functions of IGBT. 

There are many methods to improve the junction temperature monitoring control and reduce the 
junction temperature damage rate, including physical contact method, thermal model construction 
method and thermal parameter method, the physical contact method has low measurement accuracy 
and the thermal model construction method is complicated, the feasibility in actual production is not 
high, and the thermal parameter measurement method is often used, the thermal parameter analysis 
method is divided into static parameter measurement method and dynamic parameter measurement 
method, this text improves the existing circuit by analyzing the static parameter measuring circuit 
proposed in existing literature. On the one hand, this text designs a diode voltage clamp circuit, 
when the IGBT is turned off, the higher turn-off voltage at both ends of IGBT is reduced to zero by 
the operating amplifier, and the diodes of voltage clamping circuit are not broken down, when 
conducting, this circuit directly measures the specific value of the conduction voltage drop with a 
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voltmeter to improve accuracy of measurement; On the other hand, this text analyzes the 
conduction process of IGBT, measuring the inductance (L,see in Figure 6) in parallel at the collector, 
and replacing the IGBT saturation current with the current source Ic, because the IGBT’s junction 
temperature has a positive correlation with the saturation current, and the oscillating voltage of the 
inductance (L) is measured, magnitude of amplitude has a negative correlation with the saturation 
current, so the smaller the amplitude of oscillating voltage, the higher the IGBT’s junction 
temperature. 

2. Static Thermal Parameter Method 

The conduction voltage drop is an important thermal parameter of IGBT, which is the main 
reason for IGBT’s heating, it is often used to reflect the junction temperature change of IGBT, many 
literatures have proposed circuits for measuring the conduction voltage drop, or indirectly uses the 
conduction voltage drop as a thermal parameter. 

An article in Reference 3 proposes a difference between different conduction voltage drop of the 
IGBT under different driver voltages Vge as a new thermal parameter to ensure that the collector 
current ic and the junction temperature (T, see in FIGURE 1) remain unchanged during the 
conduction process, and at the same time only changes the drivier voltage Vge between the gate and 
emitter of IGBT, it can be seen from the simulation software that magnitude of drivier voltage 
affects the conduction voltage drop so that a certain difference ΔVce will be generated. 

 
Figure 1. Steady performance of device under test with different driver voltage. 

The rest of the literature also proves that ΔVce has a positive correlation with the junction 
temperature (T) in all range of collector current ic, and has good linearity, however, there are many 
problems in this scheme, including the poor operability and the high measurement errors, the 
driving voltage applied by the gate will affect the conduction voltage drop value of IGBT, and the 
conduction voltage drop is the main factor affecting the junction temperature of IGBT, the method 
for measuring the voltage is to change the value of the driving voltage Vge under the condition that 
the IGBT’s junction temperature and the collector current ic are constant, and measure the value of 
conduction voltage drop Vce respectively, and then make a difference., however, due to the change 
of driving voltage, the conduction voltage drop changes accordingly, which leads to different 
degrees of IGBT’s heat generation during two measurement processes, it is very difficult to keep the 
junction temperature consistent. 

If you want to measure the same junction temperature, you need to stagger the time of two 
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measurements to ensure that the junction temperature keeps the same, the collector current ic can 
use a micro current source or a mirror phase current source to ensure a stable output, but the current 
has a self-heating effect, which will increase the on-resistance Ron and tube consumption, since the 
time of two measurements is different, the self-heating effect will affect the change of junction 
temperature, therefore, selection of conduction voltage drop measurement time is very difficult, and 
it is not easy to apply this method into practice. 

Changing IGBT’s driving voltage frequently increases instability of tube and may cause 
permanent damage to IGBT, the IGBT has a fine structure, and only one oxide film is isolated 
between the gate and the emitter, and the breakdown voltage is low, only 20-30V, the structure of 
IGBT’s transistor is complicated, including the distributed capacitance Cgc between the gate and the 
collector, the distributed capacitance Cge between the gate and the emitter, and the distributed 
inductance Le in the emitter driving circuit. 

In IGBT‘s start-up process, it is divided into two stages: In the initial stage, the Cge and triode 
input resistance Rg will affect driver voltage Vge, when Vge>Vth, IGBT starts to conduct, and the 
collector current ic starts to rise rapidly, at this time, there are two main factors affecting the rise of 
Vge. On the one hand, the emitter’s distribution inductance Lb will generate an induced 
electromotive force, which will hinder the rise of Vge; On the other hand, during the rapid rise of 
Vge, ic will reach a peak at a certain moment and then decrease, at this time, Cgc will discharge and 
affect Vge’s rise[1]. 

When using this scheme to measure ΔVce, if multiple sets of measurement data are required, the 
value of drivier voltage Vge needs to be changed frequently, but the frequent change of Vge may 
cause the oscillating voltage of the damaged oxide layer and reduce the service life of IGBT. 

Based on the above two points, this text considers that this scheme is only a theoretically 
superior solution, but there are too many shortcomings in practical applications, this scheme has 
low accuracy and low feasibility even if the linearity of this method is good. 

Many literatures have proposed circuits for measuring the conduction voltage drop, but they all 
have certain defects, some circuits require high measurement environments, and some circuits have 
poor measurement accuracy. For example, this circuit introduced by Reference 2 puts a voltage 
which is bigger than the threshold voltage on the gate of the power transistors when a current flows 
through the freewheeling diode D1. 

 
Figure 2. The circuit of measurement proposed by Reference 2. 

However, this circuit demands high level of accuracy and it is difficult to keep Vge into IGBT’s 
saturation area, because IGBT’s saturation area is narrow, if we want that IGBT’s saturation area is 
in a state of saturation, the voltage between the collector and emitter should be maintained at a very 
low level, current can be measured under this accurate voltage. In general, IGBT’s conduction 
pressure drop is between 1.8V and 2.2V, the requests of accuracy of this circuit in Figure 1 are too 
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high, through the careful design of circuit, this text introduces a new circuit to measure the 
conduction pressure drop of the IGBT to deal to solve the problem that Vce is high when IGBT is 
shut-off and Vce is low when IGBT is conducted, therefore, it is significant to improve the accuracy 
of measurement. 

 
Figure 3. The diode clamp circuit improved 

Table 1. Parameters of measuring circuit 

 
When the IGBT is shut-off, the voltage Vce which is between the collector and the emitter is high, 

the circuit above can decrease the voltage to zero through the operational amplifier, when the IGBT 
is conducting, the switch ss1 is closed and the circuit can measure the voltage accurately through 
the voltmeter. 

Due to the virtual short and the virtual open of the operational amplifier, this measuring circuit 
can deal with two different circuit status to avoid the complex circuit designs and improve the 
accuracy of the measurement. 

The circuitous philosophy is as following: 
(Ui-E1)/R1=(E1-Uo)/R2                        (1) 

Uo=(1+R2/R1)E1-(R2/R1)E1                      (2) 
 R2<<R1                                    (3) 

In the Mathematical expressions above:  
Ui -The input voltage; 
Uo-The output voltage; 
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Figure 4. Measurement of Vce when IGBT is shut-off 

 
Figure 5. Measurement of conduction pressure drop 

Through the improvements of the text, the circuit uses the basic equipments to decrease voltage 
and measures the Vce accurately, the diode voltage regular circuit can keep the voltage at a single 
level easier than zener diode [2]. 

3. Dynamic Thermal Parameter Method 

This text proposes a method to reflect dynamic changes of IGBT’s junction temperature and 
proves that this time slot Δt(Δt=t4-t3) has a positive correlation with junction temperature, when 
IGBT begins to conduct, the miller capacitance Cgc begins to charge and drive current ig begins to 
build, the result is that drive voltage Vge  rises sharply. 

From the t1 moment, Vce begins to surpass the threshold voltage Vth, the miller capacitance Cgc 
begins to charge and collector current ic increases sharply, the huge current rate of change has 
produced a huge induction electromotive force on parasitic inductance of emitter, collector current 
ic begins to build and Vce begins to decrease. Ic increases to peak at t2 moment. 

From the t2 moment, the depletion layer of IGBT is continuously widened so that Cgc begins to 
discharge and ic begins to decrease, after the t3 moment, the collector current ic begins to keep 
constant, it is also proved that Cgc and other parasitic inductances cannot affect the oscillating 
voltage produced by (L). 

In order to improve accuracy of measurement, the text proposes a method which parallels an 
inductor (L) at collector, the induction electromotive force produced by (L) has a positive 
correlation with junction temperature, the t4 moment is when induction electromotive force 
produced by (L) decreases to zero, this text measures the oscillating voltage produced by (L), which 
its amplitude has a negative correlation with junction temperature, this dynamic parameter can 
demonstrate dynamic changes of junction temperature [3].  
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Figure 6. Test circuit 

Table 2. Parameters of experiment 

 

 
Figure 7. Conducting time of IGBT 

In this text, the magnitude of the induced electromotive force generated by the inductor 
objectively reflects the junction temperature, the current source Ic (see in FIGURE 6) represents the 
saturation current flowing through the IGBT, when the driving voltage Vge is constant, collector 
current ic of IGBT and junction temperature (T) are positively correlated, the higher junction 
temperature (T) of IGBT, the larger the collector current ic, the smaller current flowing through the 
test inductor (L), and the lower the amplitude of the oscillating voltage generated in the inductor, 
therefore, junction temperature of IGBT has a negative correlation with amplitude of oscillating 
voltage [4]. 

The measuring circumstance is under the action of current source I (see in FIGURE 6) of 400A, 
the magnitude of current source (Ic) is changed, and the wave form of oscillating voltage generated 
by inductor (L) is tested under the condition that the on-current ic is 100A, 200A, 300A and 350A 
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respectively, the wave form is shown as below: 

 
Figure 8. The oscillation wave form of (L) when ic is 350A 

 
Figure 9. The oscillation wave form of (L) when ic is 300A 

 
Figure 10. The oscillation wave form of (L) when ic is 200A 

 
Figure 11. The oscillation wave form of (L) when ic is 100A 

4. Conclusion 

If the difference between the on-voltage drops at different driving voltages is used as the thermal 
parameter, changing value of IGBT’s driving voltage frequently may increase the instability of 
IGBT and destroy the structure of IGBT, therefore, this method is realistic in practice. 

Concerned with the measuring circuit proposed in this text, when IGBT is turned off, the high 
voltage is reduced to zero by the operational amplifier circuit; When IGBT is turned on, the switch 
SS1 is combined so that the diode D2 is turned on, at the same time, the conduction voltage drop is 
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accurately measured to reflect changes in junction temperature. 
In this text, the IGBT’s collector is connected in parallel with the inductor (L), and current 

source Ic is used as the saturation current ic flowing through the IGBT, through changing the value 
of (Ic), the amplitude of oscillating voltage of (L) can reflect the change of junction temperature. 
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