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2 University of Ulm, Albert Einstein Allée 45, 89081 Ulm, Germany InAlN is an attractive material for application in optical and electrical devices. InAlN with 17% In content can be grown on GaN without strain because it is lattice matched on GaN. Theoretical studies have predicted that replacing an GaAlN barrier layer of an GaAlN/GaN HEMT with an InAlN one increases the drain current and transconductance as a result of enhancement of polarisation effect [1]. Extremely high values of ntotal are expected for InAlN/(In)GaN heterostructures with the record values predicted for InAlN/GaN/InAlN double heterostructures (nt = 5.45 x 10 13 cm -3 ). According to thermodynamic analysis, epitaxial growth of InAlN is difficult. However, Metal-Organic Chemical-Vapor Deposition (MOCVD) and Molecular-beam epitaxy (MBE) techniques of InAlN growth have been reported. In this paper we reports on the LP-MOCVD growth optimisation of InAlN/GaN heterostructure grown on sapphire and Silicon Carbide substrates for HEMT applications. These heterostructures under study consisted of a 3µm insulating GaN buffer layer followed by 0.013µm undoped InAlN layer with In content varying from 16% to 18%. In a first step of the study, the growth process has been optimised, using bulk InAlN layers, 0.1µm thick. The Indium incorporation in the solid phase has been studied as a function of the V/III ratio and the growth temperature. The growth temperature have been investigated in the range 800°C to 860°C. The In content was found to increase from 17,92% at 860°C up to 66% at 800°C. The crystallographic quality of the layers appeared to be very poor for the low temperature range(800°C-830°C). Phase separation is observed for the lowest temperature(800°C), confirmed by the presence of two different In composition in the layer : 29% and 66%. The V/III ratio is another key parameter which controls the In incorporation in InAlN. InAlN layers with V/III ratio varying from 900 to 2800 have been grown. For the lowest V/III ratio value ( 900), the InAlN layers present also a very poor crystallographic quality, with phase separation very well observed by X-Ray diffraction as seen in figure1. InAlN/GaN HEMT heterostructures grown under such optimised growth parameters, present a" mirror like" surface morphology confirmed by a very low roughness with a RMS of 0.4nm and atomic steps as seen in figure2.

From X-Ray Reflectivity measurements, it appears that in addition to the InAlN layer, an "interface layer" is present at the InAlN/GaN interface and seems to have a critical impact on the electrical properties of the InAlN/GaN heterostructure. Depending on the growth conditions, the sheet resistance of these epi-layers was found to be very high, varying from Figure5 shows a nice fit of the experimental and calculated X-Ray rocking curves related to one of the mentioned InAlN/AlN/GaN HEMT heterostructures. A fairly nice superposition of the experimental profile and the simulated one is indicative of a high degree of crystalline perfection of the InAlN layer. This means that there is no apparent grading of the layer ( good homogeneity of the composition), abrupt interfaces. The observation of the Pendelösung fringes in the experimental spectrum reveals no rugosity at the interfaces ( two dimensional growth) and a very good correlation between measured and expected layer thicknesses ( InAlN : 11 nm; AlN : 1nm). The large full-width at half maximum of the thick GaN buffer layer integrates both the effect of the underneath GaN nucleation layer and some mosaïcity induced by the growth dislocations. As seen on figure 7(a), the sheet carrier density is quite stable from 90K to 500K, which is indicative of the presence of the 2DEG at the interface. The transport properties of the InAlN/AlN/GaN heterostructures seem improved as compared to the GaAlN/GaN heterostructures as seen in figure 7(b). A higher sheet carrier density and a higher electron mobility at low temperature have been obtained. From static measurements of HEMT devices ( Figure 8), we got a maximum drain current Idss up to 0.68 A/mm with an average transconductance of 260 mS/mm for a device geometry of Lg = 2µm (gate length) and Wg = 0.1mm(gate width).
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A current gain cut-off frequency (Ft) of 53GHz was measured on MOSHEMT device for a gate length device of 0.2µm. These first device results obtained are very promising as compared with those related to devices based on GaAN/GaN material, demonstrating the high potential of InAlN/GaN material system.
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 1 Fig.1: X-Ray rocking curves of 3 InAlN layers grown with different V/III ratio

  Figure2 : Surface morpghology observation (AFM) of InAlN/GaN/Sapphire heterostructure

Fig. 5 :

 5 Fig.5 : Simulated and experimental rocking curve of an optimized InAlN/AlN/GaN HEMT structure

  mobility and carrier density as a function of Temperature for (a) InAlN/AlN/GaN heterostructure and (b) GaAlN/GaN Heterostructurre HEMT and MOSHEMT devices based on such heterostuctures were fabricated.
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  Figure 8 : Ids-Vds static characteristics of InAlN/AlN/GaN HEMT device