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Abstract—The integration of III/V core-shell nanowire semi-
conductor lasers with silicon and silicon on insulator establishes
a platform for efficient and compact light sources in photonic
integrated circuits. Laser operation by optical excitation has
been demonstrated. However, electrical pumping for stimulated
emission requires a careful design of the electronic structure to
optimize the carrier injection and reduce the impact of non-
radiative recombination. To optimize the design we propose
physics based modelling. In this work we investigate the impact of
the nanowire geometry and contact arrangement on the internal
quantum efficiency and injection efficiency by means of carrier
transport and electroluminescence simulations. We show that the
contact design affects the electroluminescence uniformity and
thus the optical gain.

I. INTRODUCTION

Silicon and the silicon on insulator technology present a
versatile and mature platform which is increasingly pursued
for on-chip optical interconnects in classical and quantum in-
formation processing, employing miniaturized light sources as
active elements. A novel strategy for the monolithic integration
of light sources are vertical GaAs/InGaAs multi quantum well
(MQW) core-shell nanowire (CSNW) lasers grown on silicon
[1] and coupled to a silicon wave guide. The CSNW laser
emission photon energy is designed to be ideally below the
silicon band gap to leverage low-loss light propagation in the
Si-based circuits. Photoluminescence experiments demonstrate
stimulated emission and low lasing threshold at Si-transparent
wavelengths [1]-[3]. The application of the CSNW in photonic
integrated circuits requires an electrical excitation, though. The
design of the electronic structure is critical for the injection
efficiency and uniform optical gain along the vertical axis.

To optimize the CSNW design we investigate the carrier
transport by means of physics based modelling. We use
an in-house developed multi scale simulation model for the
numerical simulation [4]. The model solves drift-diffusion
transport in the continuum and each quantum well (QW)
population perpendicular to the direction of quantization.
Effective mass and 6x6 k - p-Schrodinger solutions for the
conduction and valence band give rise to the electron and hole
distributions in the quantized direction as well as spontaneous
emission by means of a microscopic luminescence model. All
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Fig. 1. a) CSNW contact arrangement. Aspect ratio not to scale. b) Vertical
radiative recombination distribution in the CSNW at j = 200A / cm? and j =
1kA /cm?. The radiative recombination current is the radiative recombination
integrated over the MQW width.

populations are coupled by the global Poisson equation and a
dynamic scattering model. The model has been employed for
the simulation of Ill-nitride core-shell light emitting diodes
[5], amongst others. In the following we outline the CSNW
geometry and investigate the impact of the nanowire geom-
etry and contact arrangement on the injection efficiency and
electroluminescence uniformity.

II. CSNW SIMULATION

The CSNW [1] has an n-doped GaAsg.ggSbg.g2 core fol-
lowed by a 25nm wide n-doped Aly 15GaggsAs cladding
layer and an unintentionally doped active region consisting
of seven 8nm wide Ing 15GaggsAs quantum wells (QW)
separated by 8 nm wide GaAs barriers. The p-side is made
of a 25nm wide Al 3Gag 7As cladding and a 20nm wide
GaAs cap layer. The CSNW length is L = 7pum. The
contact arrangement is illustrated in Fig. 1a). The n-contact
presents the Si aperture on the template [2]. The p-contact
covers Lpcony = 3 um of the cap layer. The carrier transport
problem is solved on a radial cut approximating the hexagonal
CSNW shape by a body of revolution expansion. Thus, the
computationally expensive full 3D transport simulation can be
reduced to a more efficient 2D problem.
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Fig. 2. The strain relaxation at the top CSNW surface shown in a) leads to the
band gap reduction near the surface shown in b). The dashed lines illustrate
the band structure trace in b). At j = 1kA /cm? the net space charge vanishes
in the MQW and the active region potential is nearly flat.

Literature values have been adopted for band parameters,
Auger coefficients, and mobility. The carrier mobility is sub-
ject to the doping density. The electron and hole Shockley-
Read-Hall (SRH) lifetime is tsgg = 10~ 8s. Cladding, MQW
and cap layers are assumed to be strained to the core material.
Therefore, the MQW barriers show slightly tensile strain. The
strain relaxes from the top surface down to ~ 100 nm depth.
As a consequence of the strain relaxation the QW band gap
reduces near the surface as illustrated in Fig. 2.

The stationary transport problem has been solved at T' =
300K. The contribution of recombination and leakage to the
total current is illustrated in Fig. 3. The CSNW and an
equivalent thin film structure show comparable figures while
the maximum internal quantum efficiency (IQE) in the thin
film structure is marginally larger. Leakage comprises contact
and minority recombination in the intentionally doped regions.
Due to the high electron barrier of the p-cladding electron
leakage vanishes. The hole leakage is lower in the CSNW
than in the thin film structure. From the bottom end of the
p-contact the hole current towards the n-contact is forced
through the MQW because of the higher hole mobility there
and the barrier established by the n-cladding. Thus, holes are
forced to recombine in the MQW rather than the core and
n-cladding. This is confirmed by the decrease of the radiative
recombination from the bottom of the p-contact at z = 4 ym
to z = 0 as depicted in Fig. 1b).

Fig. 1b) shows a nearly constant radiative recombination
beneath the p-contact confirming that electrons distribute well.
The increase of the recombination at the top surface is due to
the band gap reduction there. The enhanced recombination
at the top surface is not critical because the strain relaxation
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Fig. 3. Relative contribution of hole leakage as well as SRH, Auger, and
radiative recombination in the active region versus the total current density j
related to the mean active region area. The solid and dotted lines show the
CSNW, the dashed lines the equivalent thin film structure results.

zone coves only a small fraction of the CSNW. The decay of
the radiative recombination in the bottom part suggests non-
uniform optical gain in laser operation

III. CONCLUSION

We have demonstrated transport simulations of III/V core-
shell nanowires (CSNW) for integration into photonic inte-
grated circuits. The CSNW show an internal quantum effi-
ciency characteristic comparable to an equivalent thin film
structure. The vertical hole transport parallel to the quantum
wells helps to mitigate hole leakage because holes are forced to
recombine in the active region. Results show that the arrange-
ment of the p-contact is critical for the vertical luminescence
distribution and thus the optical gain. Due to the high electron
mobility the n-contact arrangement is less critical.

The findings will be used for estimating the laser threshold
in the CSNW including a comparison to experiments. In this
context it is planned to investigate the impact of the contact
arrangement and the mobility for optimized uniformity of
luminescence and optical gain as well as the impact of surface
recombination at the exposed top and bottom facets.
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