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Fig. 1. (color online) Cross section of typical IGBT

structure and the carrier concentration under high-

level injecton.
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Fig. 2. (color online) Typical waveform during IGBT

turn-off.
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Table 1. Value of collector voltage, depletion layer width and dv/d¢ at different time(@Q I. = 60 A).

I /7] /ns 10 20 30 40 50 60
Vee/V 32.6 75.74 137.3 216.3 311.8 422.3
W /pum 8.51 16.36 23.67 30.55 37.07 43.28
fiE W /um 9.0 15.4 21.7 27.6 34.2 39.2
s/ iHE 1.06 0.94 0.92 0.90 0.92 0.91
5 dv/dt/Vons™! 3.15 5.54 7.77 9.87 11.9 13.7
fii dv/dt/V-ns~? 3.87 5.71 7.47 9.16 10.7 12.5
i /it 1.23 1.03 0.96 0.93 0.91 0.91
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Abstract

The insulated gate bipolar transistor (IGBT) has developed rapidly as a key power device for medium power
application since it was first introduced. It is well known for its relatively low conduction loss and easy gate control.
The IGBT is commonly seen in the inductive load application circuit. Due to the large inductive load, the current of the
IGBT will stay high until the voltage rises to the bus voltage during the IGBT turn-off. After that, the current starts to
decrease and IGBT goes into the tail-current procedure withstanding high voltage. When evaluating the turn-off loss of
IGBT, the fall time and the tail current are commonly taken into consideration because these two features are known as
good representations of power loss during tail-current procedure. However, the power loss occurring during the voltage
rise, which is usually neglected, can also be a significant contributor to the total turn-off loss. The dv/dt determines
the voltage rise time and the power loss during this procedure. Thus, predicting the dv/d¢ is essential for evaluating
the power loss during the IGBT turn-off. In this paper, the turn-off transient is divided into four stages and the physical
mechanism which determines the dv/dt¢ during the turn-off transient is carefully investigated. An analytical model to
characterize the dv/d¢ during IGBT inductive turn-off is derived based on the calculated miller capacitance values. The
functions of the miller capacitance and the dv/dt against time are presented to predict the collector voltage waveform
during the IGBT turn-off. To make the model more accurate, the current dependence is considered when calculating
the miller capacitance as well as the voltage dependency. The derived model shows that the dv/d¢ increases nonlinearly
with the time going by and can be influenced by several factors, including the drive circuit conditions, the collector
current and the carrier concentration profile in the ON-state. Further investigation indicates that the ON-state carrier
concentration is greatly influenced by the IGBT cell structure. Thus, the model presented in this paper is effective in
both the estimation of IGBT turn-off loss and the guidance of device structure design. The prediction of the derived
model shows good agreement with the two-dimensional numerical simulation by Sentaurus TCAD (with the relative
error not exceeding 10%) for the IGBT turn-off over a broad range of the collector current values. The device structure
simulated in this paper is based on the 650 V/60 A trench-FS-IGBT. The thickness values of the total structure and the
buffer layer are 80 ym and 20 pm, respectively.

Keywords: insulated gate bipolar transistor, inductive load, collector voltage slope, miller capacitance
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