Growth and electron transport studies of InAIN/GaN two-dimensional electron gas
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INAIN/GaN is a promising heterostructure for use in high-speed, high frequency transistors because of 100

high-sheet-charge-carrier-density and large conduction band offset. In,Al, N (x=17%) is lattice matched to GaN and 7000 In- 169 | <—

also polarization charges induced by tensile and compressive strain can be engineered through varying the In content

in the heterostructure. However, the large difference in thermal stability between InN and AIN isamajor issue for the 2 5%+ r. * e .
growth of good crystalline quality InAIN barrier layer. Due to weak In-N bonding energy (1.98 eV), low temperature S50 8 n '04 A’o £
growth is preferred for In containing compounds, however controlling Inin In,Al;.,N layer isnot easy task becauseof 2 450t B
high bonding energy (2.88 eV) of AIN. Here, we describe the successful growth of INAIN/GaN heterostructure on 8 0%
2-mm-thick MOCVD grown GaN template by plasma-assisted molecular-beam epitaxy with In compositions ranging 5 >° ’%g‘cs 4°g =
from 4% to 23%. Nearly latticematched InAIN to GaN has been found to grow pseudomorphically in 3 200 oo o

two-dimensional form at optimized growth conditions. The variable temperature Hall measurements were performed ] 100E  In-16%

in the range of 20 - 300 K. Figure 1 shows the 2DEG mohilities and sheet carrier densities as a function of inverse s n
temperature. As seen in Figure.1l, for samples containing 4% and 16 % In content, the sheet carrier density and 0 10 20 30 40 50 60
mobility are nearly independent of temperature upto 140 K, a typical behavior of 2DEG structures. The room 1000/T (1K)

temperature mobility and sheet carrier density for nearly lattice-matched structure were 440 cm?V's and 3X10™ cm?,
respectively, The high sheet density even in the absence of tensile strain induced piezoel ectric charges can be due to the differences in spontaneous polarization and
higher band offset. The problems associated with growth optimization and various scattering process dominated in INAIN/GaN structures will be presented in detail.



