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In the recent years very good power performance has been achieved from nitride-based high 
electron mobility transistors (HEMTs) [1]. Since great efforts have been put into improving the 
material quality by reducing the number of defects, to develop an insulating buffer has been one 
of the most challenging problems.  
 
GaN templates are good for the MBE growth of HEMTs. High-quality Al(Ga)N/GaN 
heterojunctions can be achieved above only a few hundred nm GaN buffer layer, which greatly 
shortens the growth time and saves resources. Iron or beryllium can be introduced in the growths 
to create deep-level states in the GaN buffer layer, which helps to reduce the buffer leakage [2-3]. 
However, such dopants will cause the trapping effects for channel carriers. Therefore a dopant-
free growth technique, which has not been developed before, is desired for the leakage reduction 
in MBE-grown HEMTs on GaN templates.  
 
In this paper, all the samples were grown at the same thermocouple temperature of 660 C. The 
Ga flux was fixed at 1.33x10-7 Torr and the Al flux was fixed at 1.32x10-7 Torr. The size of the 
buffer pads is 100 m*100 m with the separation of 6 m. In the control sample, where the 234 
nm GaN buffer layer was directly grown on the GaN template, the buffer leakage current density 
reached 40 mA/mm at the DC bias of 5 V. This leakage is very high and is only 2 orders less 
compared to the drain current density at ~1000 mA/mm in a working nitride HEMT. By making 
the secondary ion mass spectrometry (SIMS) measurements, we have identified that the 
unexpected silicon and oxygen impurity atoms at the template surface caused the buffer leakage. 
The leakage path is located at the regrowth interface as shown in Figure 1.  
 
By introducing an ultra-thin 1 nm AlN nucleation layer grown in the intermediate regime, the 
buffer leakage is greatly reduced by ~8 orders in magnitude. The intermediate regime was 
achieved by using the RF plasma power of 400 W, which is much higher than the 275 W used for 
metal-rich growth. The 2DEG RT mobility is 1515 cm2/Vs with the charge density of 2.08x1013 
cm-2. The leakage density in this sample is less than 20 nA/mm at the bias of 20 V. The 
measurement was also performed in the vacuum environment with the pressure of ~4.5x10-4 Torr. 
Excellent insulating property have been achieved with the leakage current density reaching 1 

A/mm at the bias of ~81 V and 1 mA/mm at ~200 V, which is shown in Figure 2. This result is 
comparable or superior to those obtained via using a doped buffer layer. The transfer 
characteristics shown in Figure 3 indicate the buffer leakage has been removed by using the new 
buffer. At the same time, the on/off ratio of the FETs is greatly improved. This directly leads to 
much steeper sub-threshold slopes in the HEMTs, and is an attractive route towards GaN-based 
digital devices in the future. 
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                        Figuire 1                                                                      Figure 2 
 
Figure 1: SIMS result shows the atomic concentration against the depth into the sample. Strong 
impurity peaks of silicon (green), oxygen (red) and carbon (black) are found at the regrowth 
interface. The intensity of Ga (pink) and Al (blue) is also shown. 
 
Figure 2. Highly insulating buffer measured in the vacuum shows 1 A/mm leakage at 81 V and 
1 mA/mm leakage at 200 V.  
 

 
Figure 3. The DC operation of FETs shows good modulation on the source-drain current on 
samples (a) 080219a1 (leaky buffer) and (b) 081229b (insulating buffer). The transfer 
characteristics show that (c) the leakage in 080219a1 is mainly from the buffer, and (d) in 
081229b the buffer leakage has been decreased lower than the gate leakage. 
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