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Investigation on the test circuit of the dynamic on-—state resistance of GaN HEMTs
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Abstract: The heteroepitaxial process of Gallium Nitride High Electron Mobility Transistors (GaN
HEMTs) leads to the presence of a trapping effect in GaN HEMT devices. This effect causes dynamic
changes in the on-resistance of the devices under continuous transient operating conditions, known as
dynamic on-resistance, which is higher than the theoretical value under static conditions. This dynamic
on-resistance can pose a threat to the stability of power systems. Therefore, it is necessary to investigate
efficient and accurate testing methods for the dynamic on-resistance of GaN HEMT devices. The
mechanism of dynamic on-resistance generation in GaN HEMT devices is introduced in this paper. In
combination with practical testing requirements, a novel clamping circuit based on an ultra—high—speed
voltage feedback operational amplifier is designed. The Pspice simulation tool is employed to simulate
this new clamping circuit and compare it with other commonly used existing clamping circuits. The
results show that this circuit can more rapidly and accurately read the drain voltage of the device after it
transitions from the off-state to the on-state. It also enables the characterization of the device's on-
resistance under different bias voltages and frequencies.
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Fig.5 Simulation schematic in Pspice
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Tablel Data analysis table of waveforms at different U,  voltages
Uy /V UV UV AUmV i /A AR_/mQ) Atlns
200 1.163 8 1.166 9 3.1519 11.936 0.260 0 274.7
300 1.209 3 1.2120 2.760 6 12.395 02227 262.4
400 1.2549 1.2580 3.0779 12.856 0.2394 194.6
450 1.2779 1.280 8 2.939 8 13.086 0.224 6 161.5
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Table2 Data analysis table of waveforms at different frequencies
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100 12549 1258 5 35253 12.85 6 0.2742 9
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Table3 Comparison of simulation results of different clamp circuits with Uy =300 V

us

U /v UV i /A At/ns oscillating reading U, directly
Fig.3 1.209 3 12120 12.395 0 262.4 x J
Fig8a)  0.2896 0.299 7 2.997 1 1976.0 x J
Fig8(c) 02953 0.296 6 29805 124.9 v N
Fig8(d) 02970 1.158 5 3.069 0 13.3 x x
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