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The active gate delay control is implemented for the SiC power devices as
well as the IGBT power devices. The active gate control strategy is employed under the dynamic

operation of the device that is turn-on and turn-off. A parallel hybrid switch is developed with
gate driver and inbuilt delay.

The electrification is necessary to tackle the problem of CO2 emission. The paralleling of the
devices are used in high power converters for electrification, the current unbalancing problems
addressed in this research will help to create an understanding and possibly provide a solution.

The active gate control is employed for the parallel-connected power
semiconductor devices and current unbalancing is minimized using active gate control methodology.
This active gate delay control is implemented for the SiC power devices as well as the IGBT power
devices. The active gate control strategy is employed under the dynamic operation of the device that

is turn-on and turn-off. Further the research analysis is performed on the gate signal
characteristic study corresponding to the active gate control. The correlation between the device
current unbalancing and Miller plateau is realized. A parallel hybrid switch is developed with
specific gate driver and inbuilt delay for the appropriate hybrid switching.
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1. WFZERHAR S F1 D 5

(1) The power devices development has made a leap in the performance and system
rating since its inception. However, the horizon for operating range of a single device
considering blocking voltage and current capability is constrained by different
factors such as yield and manufacturing process issues. And the devices are required
to connect in parallel to match desired current rating for many applications such as
electric vehicles (EV) and wind power generations.

(2) There is a fundamental issue involved with paralleling of the devices, that is
current unbalancing. The current unbalancing issue creates severe long-term
concerns such as system derating, thermal derating and reliability issues.
Enhancement and optimization of the performance of power semiconductor devices
are of fundamental concern, especially for the system consisting of parallel-
connected devices.

2. WHEDOHK

(1) The understanding of current unbalancing for the parallel-connected power
semiconductor devices under dynamic operating condition.

(2) The effect of unbalancing on gate voltage waveform and develop an
understanding of the gate driving techniques as well as current balancing techniques.
(3) The gate control to minimize and/or mitigate current unbalancing during
dynamic operation.

3. WHEDTTik

(1) The individual gate driving units for the corresponding device to control the gate
signals independently using the delay control technique. In addition, the effect of
delay control on the gate voltage waveform and required resolution for the delay
corresponding to unbalancing.

(2) The hybrid paralleling of the devices to realize a hybrid switch to realize an

improved system performance.

4. WFZERR

(1) The gate driving techniques and current balancing techniques are categorized
and reviewed for the parallel-connected power devices. Furthermore, the gate delay
control corresponding to different feedback parameters are surveyed that can be
categorized as direct and indirect active gate delay control Figure 1 and Figure 2.
(2) The unbalancing phenomenon for parallel connected IGBT devices is realized
using the unequal gate resistance for dynamic operation. The gate delay feedback
control minimizes the unbalancing during turn-on and turn-off independently. The
impact of unbalancing and gate delay control on gate voltage waveform was
substantiated that provides the information about the impact on Miller plateau.

(3) The unbalancing phenomenon for parallel connected SiC devices was researched
considering the dynamic current unbalancing and a delay control is employed that

minimized the dynamic current unbalancing.



(4) The hybrid switch considering the SiC-GaN is developed with a specific gate drive
design for the switching paralleled hybrid SiC-GaN switch. And a buck converter is
developed using parallel hybrid switch to investigate the switching performance.
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Figurel. Gate-driving techniques for parallel-connected power devices.
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Figure2. Gate delay control techniques for parallel-connected power devices.
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