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Passivation of the AlxGayN/GaN heterostructure by nano-crystalline GaN submicron film deposited in condition of electron cyclotron resonance plasma.
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It is well known, that to reduction of current collapse effect in AlxGayN/GaN heterostructure is applied passivation by a layer of submicron silicon nitride. The presence of bonded hydrogen and superfluous silicon in passivation layers of silicon nitrides plays the important role for transistors technology on the basis of AlxGayN/GaN - heterojunction. Variation of the hydrogen of (Si-H) and (N-H) bonds concentration in passivation silicon nitride films allows to control the main parameters of the AlxGayN/GaN - HEMT transistors. 

In this work the new passivation method by nano-crystalline GaN film is offered, which on the one hand allows solving a problem of current collapse, and with another allows essentially raising target capacity of the transistor at the expense of heat removal efficiency increase from heat allocation zones. 3D thermal simulation of power multi-finger HEMTs with GaN passivation layer is performed. Numerical results demonstrate that the deposition of the passivation layer has a beneficial effect on the thermal behavior of the transistors.

Among advantages of this method it is necessary to note its technological and physical-chemical compatibility (for example, absence of adhesion problem with a surface AlxGayN/GaN - structure).

For the purposes of a chemical composition and crystal structure type definition gallium nitride layers were deposited onto high-ohmic Si (111) plates 400 µ thick, which were pretreated in a 25% HF solution for 10 min and followed by 10 min treatment by hydrogen ECR plasma. Directly before deposition, the plates were subjected to nitrogen ECR plasma for 10 min. Then a pre-determined flow of gallium threemethyl was added to the nitrogen plasma for 3 seconds and the deposition began. The deposition conditions were varied by changing the microwave power W = (20 ÷ 100) watt, the value of the self-bias voltage Ub = (-30 ÷ -160) V upon 13.56 MHz HF field application, the pressure P = (0.2 ÷ 2) mTorr, and the ratio of nitrogen flow F(N2) to gallium threemethyl flow F(TMG), R = (1 ÷ 24). Fourier transmission infra-red spectrometry (FTIR) was used for an express analysis of the chemical composition of a deposited GaN layer. 

