Wide bandgap AlGaN semiconductors: doping and polarity
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Introduction and motivation

 The AlGaN alloys are attractive material for optoelectronic devices, such
as UV light emitting diodes (LEDs) and laser diodes (LDs) because of their
direct and tunable wide band gap.

* Their employment requires certain crystal quality (sample morphology),
defect density and doping concentration.

* Semipolar material has reduced polarisation fields along semipolar
direction which results in an increase in radiative recombination
probability

* N-type doping of AlGaN films with Si is difficult to achieve due to an
increase in donor activation energy with an increase in AIN% content and
the compensation of this donor by acceptor type defects such as oxygen,
carbon and cation vacancies!?3

* Different scanning electron microscope techniques were employed to

investigate the doping, and the impact of the crystal orientation

Cathodoluminescence (CL) spectroscopy

Sample details

 Grown by Metalorganic Chemical Vapour
Deposition (MOVCD) in Tyndall Institute.

e 800-1100 nm thick Si-doped AlGaN
layers, with reportedly 60 and 85 AIN%
were grown on sapphire substrates
(semi polar (11-22) or (0001) polar)
orientation, covered with undoped AIN
templates. The samples were grown
with different Si,H, /group Il ratios (0 to
3.35 x 104) and V/IlI ratios (23-600).

* Precursors: TMGa, TMAI, NH;, Si,H,.
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CL emission from AlGaN:Si layers » Cathodoluminescence (CL) describes the emission of light
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samples. All of the polar samples showed
hexagonal features of about 2-4 pum in
diameter. These features cause surface
roughening and the compositional variation
at the edges. They can be formed by spiral
growth around screw or mixed type
dislocations.> Semi-polar surface was much
flatter with no hexagons.
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e RT-CL and WDX (Wavelength-dispersive X-ray spectroscopy)
data for the experimental observed impurity-related
complexes. Semi-polar and polar samples show the same
trends for their emission, because of their similar nature
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