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Optical characterization of AIN /GaN heterostructures
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AIN/GaN/sapphire heterostructures with AIN gate film thickness of 3—35 nm are characterized
using photoreflectivity PR) and photoluminescend®Ll) spectroscopy. Under a critical AIN film
thickness, the luminescence from the GaN channel layer near the interface proves to be excitonic.
No luminescence related to the recombination of the two-dimensional electrof2D&sS) is
observed, in spite of high 2DEG parameters indicated by Hall-effect measurements. The increase of
the AIN gate film thickness beyond a critical value leads to a sharp decrease in exciton resonance
in PR and PL spectra as well as to the emergence of a PL band in the 3.40-3.45 eV spectral range.
These findings are explained taking into account the formation of defects in the GaN channel layer
as a result of strain-induced AIN film cracking. A model of electronic transitions responsible for the
emission band involved is proposed. ZD03 American Institute of Physics.
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INTRODUCTION fields in AIN/GaN structures, the 2DEG density in this case
is several times higher compared to that in AlIGaN/GaN
Electronic devices based on llI-V nitride materials haveneterostructure®?
rece'ntly'showgn great promise for high-frquency/high—power While the role of the 2DEG channel in the transport
applications.~ _F_or the most part, these devices are based OBroperties of AkGa, xN/GaN heterostructures is well un-
low Al—composmon, AlGaN/GaN heterostr_uctL_Jre f|eld-ef_fect derstood, the data related to the radiative recombination of
transistors(FET9. However, the gate barrier in the devices DEG in these structures are scarce and contraditwty.

involved is based on Schottky contacts which have not yel ~.~~ . .
proven to be stable at high temperatures. In contrast, metal—hIS IS N .contrast W't_h AlGay xAs/GaAs hetergstrgctures
insulator—semiconductofMIS)-based FETs can use high- where optical properties related to the recombination of the

temperature stable insulators at the interface. The use of #PEC are well documented=*“The respective differences
insulator at the gate can reduce gate leakage current in Retween AlGa,_xAs/GaAs and AlGa _xN/GaN hetero-
device leading to improved low noise performance. In addistructures can be attributed to the very strong piezoelectric
tion, a thin insulator, by placing the gate much closer to thepolarization in the AIGaN layer on GaR™® that leads to
two-dimensional electron ga@DEG) channel, can help to rapid diffusion of photoexcited holes into the flatband region
improve the intrinsic transconductance of the device. AIN,of GaN in AlyGa _xN/GaN heterostructures. Therefore, the
with its relatively high dielectric constar(®.5 and wide probability of recombination between the 2DEG and photo-
band gap6.2 eV), has the potential to be an excellent choiceexcited holes is much lower in AGa,_yN/GaN heterostruc-
for the gate dielectric in GaN based MISFET _devi_éés. tures than in AlGa, yAs/GaAs ones. The higher the Al
However, from the growth standpoint, it is difficult to ¢ontent, the stronger the piezoelectric field, thus reducing the
grow high-quality AlGaN layers with high Al content. The chance to observe radiative recombination of the 2DEG. On
problems of lattice mismatcf2.47% for AN on GaN, pre- 4 other hand, the higher the Al content, the larger the lattice

reactlor_1$ be_tween trimethylaluminum and ammonia, aN%arameter and thermal expansion coefficient mismatches be-
three-dimentional growth must be overcome for eI"fectlve,[Ween AlGaN and GaN. Hence. the probability of defect for-
high-quality AIN/GaN-based MISFET devicé$As a result, : , the p y

the number of reports on transport properties Ofmatlon at the AlGa, _xN/GaN interface increases with Al

Al Ga,_ «N/GaN structures with>0.5 is very limited'~’ content and, consequently, recombination mechanisms alter-

Nevertheless, the recently achieved values of roomnative to the 2DEG recombination are expected.

temperature electron mobility~(900 cn?/V's) in AIN/GaN No data are reported to date on radiative recombination
heterostructurésare very close to the typ|Ca| values in mechanisms at an AIN/GaN interface. The goal of this work

AlGaN/GaN structures (1000—1600 & s). At the same IS to make use of optical methods such as photoreflectivity
time, due to the much larger polarization induced electric(PR) and photoluminescend®L) for the characterization of
AIN/GaN interfaces in an attempt to shed light upon the

dAuthor to whom correspondence should be addressed; electronic mair."idl‘ﬂjlt've recombmatlon channels in Xgal*XN/GaN het-
tiginyanu@mail.md erostructures at high Al content.
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