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Fig. 1. Schematic of double-concave cavity of metallic semiconductor nanolaser: (a) The structure; (b) top view of the double-con-

cave cavity.
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Fig. 5. The confinement factor I', threshold gain g, and threshold current I of the metallic semiconductor nanolasers with three

double-concave cavities with curved sidewalls (L = 700 nm, W = 520 nm, L/R = 1.43) as functions of the Wy/W: (a) I’ (b) gu;
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Table 2.  Geometric parameters and simulation results of the metallic semiconductor nanolasers with four types of cavities.
ZH ligogi kv L AT vei]
L/nm 700 700 700 700
W/nm 520 520 520 520
Wo/ W 1.00 0.75 0.8 0.80
L/R 1.43 1.43 1.43 1.43
V/A3 0.267 0.258 0.257 0.258
A/nm 1564 1552 1550 1551

Q 141 174 175 176

r 0.460 0.441 0.440 0.445
g/em ! 2190 1870 1850 1830
Iy,/pA 800 290 280 260
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Abstract

Metallic semiconductor nanolaser, as an ultra-small light source, has been increasingly attractive to
researchers in last decade. It can have wide potential applications such as in photonic integrated circuits, on-
chip interconnect, optical communications,etc. One obstacle to miniaturization of the laser size is that the loss
increases rapidly with the cavity volume decreasing. In previous studies, a type of Fabry-Perot cavity with
capsule-shaped structure was investigated and demonstrated both numerically and experimentally, showing that
its cavity loss is reduced dramatically in contrast to the scenario of conventional rectangular cavities. However,
when the cavity size is reduced down to nanoscale, capsule-shaped structure surfers high loss. To overcome this
difficulty, in this paper, a novel type of double-concave cavity structure for metallic semiconductor nanolaser in
a 1.55 pm wavelength range is proposed and numerically studied. The proposed structure consists of
InGaAs/InP waveguide structure encapsulated by metallic clad, and has a cylindrical reflection end face and
concave curved sidewalls.

The cylindrical reflection end face can push the resonant mode into the cavity center and reduce the optical
field overlap with metallic sidewalls, which can reduce the metallic loss. The curved-sidewalls topologically
reduce the electric field component perpendicular to the sidewalls, and thus reducing the plasmonic loss. By
optimizing the waist width of the double-concave cavity structure, the radiation loss can be effectively reduced,
resulting in the improvement of cavity quality factor and the decrease of threshold current. Finite-difference
time-domain simulations are conducted to investigate the properties of the proposed cavity structures such as
resonant mode distribution, cavity quality factor, confinement factor, threshold gain and threshold current in
this paper. The numerical results show that the double-concave cavity laser with cavity volume as small as
0.258 A increases 24.8% of cavity quality factor and reduces 67.5% of threshold current, compared with the
conventional capsule-shaped one, demonstrating an effective improvement of metallic nanolaser. With those
advantages, the proposed structure can be used for realizing the ultra-small metallic semiconductor nanolasers
and relevant applications.

Keywords: semiconductor laser, microcavity, surface plasmon polaritons
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