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2- D Whispering Gallery vs.
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” A toroidal cavity 3D TIR A 3D WCM

prop. of POR

” A PQR from carrier - photon couple
” A Single Mode
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Micro Whispering Gallery Mode(WGM)

C 1910 Lord Rayleigh. WGM from concave surface
Philosophical magazine, xx. 1001 (1910). 2D TIR

1992 A.F.J. Levi, R.E. Slusher et al. 2D WGM microdisk lasers
(thumb-tack), Appl. Phys. Lett. 60, 289 (1992). 2D TIR

C1998 J.C. Ahn, edDWGMlasersoyouBrame Kwc
naturally produced toroidal cavity in cylinders 3D TIR
(whispering cave mode:WCM)  Phys. Rev. Lett. 82, 536 (1999); SPIE (1998)

C 2003 D.K. Armani et al & K.J. Vahala. WGM by using laser-baked
toroid-shaped cavity Nature. 421, 926 (2003). 3D TIR possible A WCM




3D wcMm) POR fabrication & structure
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Planarization using polyimide

SiNx etching by RIE for metal contact
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(3D WCM) POR (concave) & QR hole (convex)
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CMP-Metal-WireBond-Packaging
OPTO Paper # 6897 - 29 :Mega- pixel PQR hole chip : PC eff. isolations

lon implantation for hole isolation
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Photonic Quantum Ring
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Ahnet al, PRL,82, 536 (1999)

P Q R Threshold Ith Kwon et al, APL, 89, 11108 (2006).
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Spectral PQR Analy. of 3D WCM theoy

Opt. Lett. Vol. 28, 1861 (2003)
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PQR: carrier-photon dynamic model

Dynamic filamentation and beam quality of quantum -dot lasers
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Local density of states in 2DEG

Electron standing waves in a 2DEGs Coherent branched electron flow in a 2DEGs
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P. Avouris, Physics Today, 11, 17
(1993).

M. F. Crommie, et al. Nature, 363,
524 (1993).

Quantum corral of electrons
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Polarization Vectors // POQR

Kim et al, JAP, 102(5), xx (200y/

Strong Carrier - Photon
Coupling

A fiber

X
. f linear polarizer
(a): without polarizer (}{ “nearopolarlzer
(b): f polarizer . f +135
(c): g polarizer
(d): Z +45° polarizer =15 em, 1=150 A (10kHz)

(e): F +135° polarizer



Intensity (a.u.)

Single mode PQR Laser
JAP (2008) to appear
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Red POQR Laser Array
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A Red PQR
LED emission array

::::::::

256 array (f =7mm) 256 array (f =10 nm)
Spacing = 68 mm Spacing = 68 mMm

|=2mA (7.8 m/cell)

- The PQR lasing region is brighter than the LED emission region,
which means very high emission efficiency of the PQR laser.




optoelectronic
worldnews

researchers say, and then a 20 nm gold film and a spin-coated
resist layer were deposited onto the sample. Finally, stacking
alignment using gold alignment marks was applied to ensure
accurate stacking of subsequent structure layers.

Ak f creating their 3-D amaterial, th: search-
B Lo - ormnn weill Honcheld Laser
Power/Energy Meter

nanolithography surface with robust alignment marks that
survived the dry etching processes during nanofabrication.
The resulting 3-D structures, created using the layer-by-layer
method (which can be repeated as often as desired), consist of
horseshoe-shaped gold nanowires arranged in a square pat-
tern and perfectly stacked above each other (see Fig. 2). This
method can produce arbitrary shapes in each layer as well, the
group points out. And more complex structures such as twist-
ed or chiral structures are also possible.

Investigating the interaction between adjacent SRRs, Gies-
sen’s group discovered it could control the electromagnetic cou-
pling strength (which is related to spectral splitting of plasmon
modes) by adjusting the vertical distance. The researchers be-
lieve the vertical interaction between metamaterial slabs can
change the optical properties of metamaterials and lead to new
characteristic spectral features with an increasing number of
stacked layers. The resulting vertical coupling may prove benefi-
cial in the design of broadband materials, and the group expects
stronger coupling will lead to increased bandwidth.

‘Three-dimensional metamaterials possess highly desirable
electromagnetic properties such as negative magnetic perme-
ability and negative RIs, which will play a critical role in fu-
ture applications like negative refraction, superlensing, and
invisibility cloaking. Giessen’s group believes the key to real-
world applications will be balancing the number of stacked
layers vs. intrinsic losses. .
Sally Cole Johnson

QUANTUM-RING LASERS
‘ Lord Rayleigh wrote about the two-dimensional whisper- * Rugged
(WCM) is a three-dime eﬂectﬁa toroid with *Com atlble with all Op Heads
show| rsc
A laser
that emit in the blue-viol
WCM lasers that emit in the infrared and red part of the OP
spectrum. To achieve this, professor O’Dae Kwon and his H’R s-lFleen
Bragg-reflector (DBR) structures above and below a few ac-
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