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piezoelectric, and electronic properties of GCQDs as close as

possible to those observed in experiment [6].

The GCQD ensemble was grown from In-As-Sb-P in the

liquid phase with the composition x and y chosen to provide

a compressive lattice mismatch of 2% to the InAs substrate

at 540◦C. Figure 1 a and b show obliquie view atomic-

force microscopy images of some of the GCQDs. Following

scanning transmission electron microscopy analysis (cf. Fig. 1

c), we have assumed a flat, conical shape of our GCQDs with

Sb (P) content increasing (decreasing) linearly towards the top

and maximum values of x = 0.20 and y = 0.15 at the top

(bottom) of the GCQDs.

III. SIMULATION OF THE ELECTRONIC PROPERTIES

The model GCQD for our simulations is depicted in Fig. 1

d. We have systematically varied diameter and height of the

GCGDs, where the range of both parameters was taken from

the GCQDs ensemble. All material parameters involved were

taken from Ref. [7] In the first step, we have calculated

the elastic properties of the GCQDs. Hydrostatic and Biaxial

strains both have their extrema near the GCQDs tip, due to the

Sb content x being largest in this area (cf. Fig. 2 a and b). The

band diagram of a typical GCQD is shown in Fig. 2 c along

its height. The system represents a type-II heterostructure with

the conduction band minimum in the InAs substrate and the

valence band maximum at the GCQDs tip. Furthermore, it can

be seen that strain modifies the conduction band such that it

becomes almost flat (the dashed line denotes the band diagram

without influence of strain.). We note that built-in polarisation

potentials resulting from strain are very small in our GCQDs.

As the electron is located in the InAs substrate, we have

computed the charge density and energy of only the hole

ground state in the next step. Figure 2 d shows the transition

energy between hole ground state and InAs conduction band

as a function of the GCQDs height h for different diameters d

(indicated at the respective lines). The inset in Fig. 2 d shows

a typical hole ground state charge density in a GCQD.

Finally, we have combined data from the diameter and

height distribution of the GCQDs ensemble with the respective

transition energies from our simulations (gray area in Fig. 2

d) to simulate an absorption spectrum for comparison with

the absorption spectrum measured for our GCQDs ensemble

(cf. Fig. 2 e). Absorption energies were corrected to room

temperature using the Varshni relation [8]. The simulated

spectrum fits the one observed extremely well with peak

absorption wavelengths of 3.829 (simulation) and 3.83 µm

(experiment).

IV. SUMMARY

We have performed a detailed analysis of nucleation process

and electronic properties of In(As,Sb,P) QCQDs grown from

the liquid phase. The electronic properties of the GCQDs

were computed for model systems as close as possible to

the experiment using an eight-band k · p model, taking

strain and built-in electrostatic potentials into account. The

absorption spectra obtained from our simulations are in a
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Fig. 2. a and b) Hydrostatic and biaxial strain εh and εb of a model GCQD
with r = 30 nm and h = 14 nm in a cross-section view (not to scale). c)
Valence (blue) and conduction (red) bands along the central axis of the model
GCQD. The dashed lines indicate the band behavior in the absence of strain.
The respective hole ground state charge density is shown as a solid black
line. d) Hole ground state energy (left axis) and corresponding wave length
(right axis) with respect to the InAs conduction band edge as a function of
height for different radii (given in nm at the respective lines) of the GCQDs
at a temperature of 10◦ C. The inset shows the respective charge density
(blue) of one selected system. The Sb content is indicated in white (0 – 5%),
light (5–10%) and dark gray (10 – 15%) and black (15 – 20%) isosurfaces. e)
Spectrum obtained from the diameter distribution of the GCQD ensemble and
respective wave lengths obtained from our simulations for a GCQD height of
8 nm and radii from 20 to 50 nm (gray bar in d). A gaussian function has
been fitted to the data and yields a maximum absorption at a wavelength of
3.829 µm with a FWHM of 120 nm (black dash-dotted line) [6].

very good agreement with those observed in experiment. We

conclude that such simulations represent a valuable tool for

a theory-guided design, suited to identify the most promising

heterostructures for the demands of specific applications.
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