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Abstract

We report dimension-reduced and photon-induced

quantum rings naturally formed in a
vertical-cavity-like active microdisk plane due to
Rayleigh’s band of whispering gallery modes. The
ﬁ—dependent redshift, microampere-range threshold
currents, A/2 lightwave ordering, and chaotic

properties are also discussed.
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2% 1 Microscope pictures of the PQR laser.
The emission is partly blocked due to the stripe
electrode. (a) I = 3 pA, where a faint evanescent

mode image appears indicating the onset of
the toroid transparency; (b) I = 12 pA, near the
PQR threshold; (c¢) I = 11.5 mA, right below the
VCSEL threshold; (d) I = 12 mA, at the VCSEL
threshold.
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13 2 Microscope pictures of the hollow PQR
laser. (a) I = 6 pA, at the onset of the toroid
transparency (b) I = 16 A, near the PQR
threshold.
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2 3 Temperature dependent spectra measured
with a constant injection current, I = 12 mA.
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23 4 Standing waves at a step on a gold
(111) surface at RT. Image maps the local
density of electron states 0.15 eV above the
Fermi level and shows high density at the step
and standing waves on the higher side of the
step.[15]

PQR =9} VCSEL 2x9) £8 348 EAS Ao
th VCSEL 2x9 &3 mg4e 2% Z7td sy
0.07 m/T9 Hegz MyHezr ZF7iste ubd,
PQR 2=9| spectral shifts 248 VT #4% ue
Wl 239 F R FHELS

APQR=0.42V T— 18+7943 [nm],

Aveser=0.07T+794.3 [mm]

2 24 shseth B8, PQR =9 £ #3e 4
0C ojd9 &% HHA AY W7t P& & +
oy, ojEF EAHe A #HolA oo E wus
b FeEE 93 A3 EAE AFESA @
Intracavity VCSEL 2= &%7% (.07 mm/TE
e FA7INA 9 index-dominated & F ol o A
HE wA, PQR w9l Axb9d Rayleigh toroide &
AZ9 HF8E w2t 2838 helical #3 %8
WEsts 71 FHvi2 FEHEZR, PQR REE
gain—dominated &30 o3 A= €EHI3] #A=H &
el VT @At oleld gandl ¢ 21 2
#F3 1ow, ol Quantum Wire 714, & VTl
oEEe £y A o8 v 2 HEgEd{12)

T3, Quantum wired] F2 54 E#Huge)

KR
threshold 54 & d9g3] Fuh. vA T3, POQR 99

Y 5 Schematic of three-dimensional WG
modal manifolds of hellically twisted traveling
waves in the expanded toroidal cavity.

@ (¢m) Whayleigh(tam) t (um) x
6 - 0.189 1.32 2
10 0.314 1.58 3
20 0.629 1.86 6
30 0.943 2.14 8
48 1.509 3.35 13

¥ 1 Calculated Rayleigh bandwidth
(Whayleign), the distance of the evanescent
field peaks from the device edge (t), and
the number of PQR (x) with varying the
diameter (@) of the device.
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2¥ 6 Size-dependent PQR threshold cuwrents.
The solid curve is from Eq. 1, the circles are
from clyindrical, and the squares are from hollow
PQR threshold currents measured.
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