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High K Oxide Insulated Gate Group III Nitride -Based FETs 
Grant Number N00014-09-1-1160 

Because of its physical and electrical properties, the semiconductor gallium nitride is superior 

to silicon for high-power high-frequency electronics. To reduce leakage currents, increase the 
breakdown voltage and increase the power-added efficiency of its transistors, an insulating 

dielectric can be added to the gate to create a metal-insulator-semiconductor high electron 

mobility transistors (MISHEMTs). For this device to be successful, imperfections at the oxide- 

semiconductor interface must be suppressed to maintain the high electron mobility of the 
device. 

This research explored several high dielectric constant gate oxides (AI2O3, Ti02, and Ga203), 
deposited on different crystalline orientations and polarities of GaN by atomic layer deposition 

(ALD) to form metal oxide semiconductor capacitors MOSCAPs). Other aspects studied 

included the effects of pretreatment on N-polar GaN, ALD T^/AbOa nano-laminate on 

thermally oxidized Ga-polar GaN, and a comparison of ALD AI2O3 on c- and m-plane GaN. 

Surface pretreatments can greatly alter the morphology of N-polar GaN (it is much more 

reactive than Ga-polar GaN) which is detrimental to the electrical properties. Depositing ALD 

AI2O3 films directly deposited on N-polar GaN without thermal or chemical pretreatments 

produced the best samples with smooth surfaces (RMS=0.23 nm), a low leakage current (2.09 x 

10" A/cm ) and good AbOa/GaN interface quality, as indicated by the low electron trap density 
(2.47 x 1010 cm"2eV '). 

In the nano-laminate study, a high dielectric constant of 12.5 was achieved by integrating a 

Ti02/Al203/Ga203 oxide stack layer, while maintaining a low interface trap density and low 
leakage current. 

Comparing properties of AI2O3 on c- and m-plane GaN showed that a smooth surface is 

essential to minimizing the hysteresis. The overall results indicate the promising potential of 
incorporation gate dielectric in future GaN devices. 

This project supported two students who completed their PhD degrees in chemical engineering. 
They worked with scientists at the Naval Research Laboratory and Oak Ridge National 

Laboratory to fabricate and characterize the devices. Their work resulted in four publications 
with additional publications pending. 




