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Institute of Physics, École polytechnique fédérale de Lausanne (EPFL),

CH-1015 Lausanne, Switzerland
2)

Power and Wide-Band-Gap Electronics Research Laboratory,
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FIG. 1. Conduction-band profile simulations for 10 channels with modulation-doped GaN. The arrow indicates the position the 5th channel which was focused on in the main text of the manuscript.

I.

NEXT NANO SIMULATIONS:

The full band structure profile and carrier density of the GaN modulation-doped multichannels (10 channels) described in the manuscript are shown in Figs. 1 and 2, respectively.
In the discussion given in the manuscript the 5th channel was investigated in order to focus
on multi-channels far away from interfaces (surface effects and polarization-doping in the
lowest channel). Looking at the carrier density and band profiles around the 5th channel
(marked with red arrow) one sees that for a large number of channels the carrier distribution
is uniform and only determined by the amount of Si-doping. The schottky barrier height
was set to 0.7 eV for all simulations. This value was determined by comparing the simulated
carrier density of a single channel sample with the measured Hall effect value.
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FIG. 2. Electron density profile for 10 channels with modulation-doped GaN. The arrow indicates
the position of the 5th channel which was focused on in the main text of the manuscript.

II.

HAADF-STEM
In Fig. 3 the HAADF-STEM image of the 10-channel InAlN/GaN heterostructure (Sam-

ple E in the manuscript) is shown with the corresponding EDX elemental maps. The mappings show sharp distribution of In, Al and Ga. As expected, nitrogen seems to be distributed
homogeneously across the grown layers. Interestingly, the AlN spacers and GaN interlayers
are clearly visible suggesting a controlled and reproducible growth sequence.

III.

C-V MEASUREMENT

The CV measurement for the 10-channel heterostructure (sample E in the manuscript)
is given in Fig. 5. We clearly observe the depletion of the first 4 channels. The carrier
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FIG. 3. HAADF-STEM image of the 10-channel heterostructure and corresponding EDX elemental
maps of indium, aluminum, gallium, and nitrogen calculated from the In-L, Al-K, Ga-K, and N-K
signals of the EDX spectrum image.

densities of the channels were 7.0, 5.0, 4.7 and 4.9 × 1012 cm−2 . This is in good agreement
with the total carrier density determined by Hall effect (5.0 × 1013 cm−2 , given in Table
I of the manuscript). Furthermore, these results reinforce the validity of our Hall effect
measurements. The higher electron density for the top-most channel is probably due to
band-bending at the surface. The remaining channels could not be depleted with the current
experimental setup due to limited maximum applicable bias of 10 V.
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FIG. 4. CV-profiling of a 10-channel heterostructure (Sample E) described in the manuscript.
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FIG. 5. Capacitance-voltage profiling of a 10-channel heterostructure (Sample E) described in the
manuscript showing the carrier density as a function of depletion depth.
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