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ABSTRACT: As a core device of electric vehicle powertrain
system, insulated gate bipolar transistor (IGBT) determines the

safety and reliability of electric vehicle. The chip structure is

the key factor to determining the performance of the IGBT chip.

Therefore, the optimized design of the chip body is the basis
for improving the power density, operating efficiency and
adaptability of the operating conditions of the electric vehicle
traction inverter. This article focused on the latest
developments in key technologies such as trench gate
technology, shielding gate structure, carrier storage layer, super
junction and reverse conduction technology for domestic and
foreign researches on the improvement of current density and
power loss of electric vehicle IGBT chips. The reliability
improvement technology of IGBT chips under complex
working conditions such as high temperature or high pressure
was summarized, especially the optimized design of buffer
layer and terminal structure. The article also focused on the
multi-functional integrated integration technology of IGBT
devices, including on-chip integrated temperature or current
sensor technology and integrated non-destructive buffer circuit
inside the module. On this basis, combined with the
development trend of electric vehicles, the future research
direction of electric vehicle IGBT chip technology was

prospected.
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trench; high temperature technology; intelligent integration
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Fig.1 Development of IGBT chip technology for
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Fig. 7 Structure of RET/RDT IGBT cell
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Complex operating conditions and the consumption
characteristic require electric vehicles to have properties
such as large power output capability, high efficiency,
safety and reliability. In view of the demand analysis of
electric vehicles, silicon-based IGBT chips are the
mainstream power devices used in electric vehicle
inverters. The development process is shown in Fig. 1.
This article focuses on three key optimization interests of
electric vehicle IGBT chip: high current density and low
loss optimization technology, high voltage/temperature
technology, and intelligent integration technology.
Besides, the article prospects the electric vehicle IGBT
chip technology.

Trench gate technology is a main way to improve
the current density of IGBT chip of electric vehicles and
reduce the power loss, as Fig. 2 shows. Besides, reducing
the mesa width is the main optimization method. The
current IGBT chip mesa width is much larger than the
theoretical limit of silicon IGBT (20-40 nm), so the
optimization trend of reducing the mesa width will not
change at present. On this basis, combining with the
dummy gate structure, the shield gate structure and
carrier stored layer design can reduce the on-state
voltage drop and miller capacitance for power loss
reduction. With further improvement of electric vehicles'
requirements for IGBT chip power density, cost and
junction temperature, as well as manufacturing process,
super junction IGBTs and reverse conducting IGBTs will
be applied in electric vehicles.

The overload operation of the electric vehicle
traction inverter will cause the IGBT chip to withstand
overvoltage and high temperature, so optimizing buffer
layer and edge termination structure is needed. What’s
more, intelligent integration technology, such as
integrated temperature/current sensor and driver/buffer
circuit, is to ensure that the IGBT chip can still operate
safely and reliably under harsh working conditions.

However, there are still some challenges for electric
vehicle IGBT: 1) The mesa width should be reduced
further to increase current density. 2) The increased

electric vehicle battery voltage level puts higher

S1

requirements on the IGBT breakdown voltage. 3) The
combination of multiple optimization technologies
provides more possibilities for the compromise of
4) The of
self-correction for improving the operation reliability

various  characteristics. realization
needs to be further explored.

After decades of development, the continuous
maturity of the cell and body structure optimization
technology of silicon-based IGBT chip has enabled it to
have higher current density, reliability and price
advantages and lower power losses. In the application
field of electric vehicles, the methods of optimizing the
performance of IGBT chip are: 1) refinement of the
trench; 2) thin chip technology and the optimization of
the back buffer layer design; 3) optimized terminal
structure to improve the chip voltage level; 4) integrating
the IGBT and the anti-parallel diode to form RC-IGBT
structure; 5) the integrated temperature/current sensor,
gate drive resistor and RC chip on the chip for improving
the reliability of the chip's long-term operation. At

present, some semiconductor manufacturers have
integrated the above optimization methods and
implemented them on the IGBT chip of electric vehicles.
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Fig.1 Development of IGBT chip technology for electric vehicles
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Fig.2 Design trade-off of trench gate technology



