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Motivation

Applications of visible SLDs

Visible-light Communication (VLC)
(High modulation bandwidth)

Optical Coherence Tomography

(High resolution imaging)

Advantages of SLDs over LEDs and Lasers
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SLD Epitaxial Growth and Fabrication

* Low temp p-GaN
* high temperature 3 hr p-GalN
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Comparison of active region area of planar m-plane LEDs with (a) 3 hr long p-
GaN growth and (b) 45 min long p-GaN growth. The active region quality is
improved considerably in the shorter p-GaN growth, confirmed by improved
optical output power at a given current (c).
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(a) Epitaxial layer structure of the SLD indicating the separately-confined
Self-aligned SiO, deposition. . cot.etch indicating good Eobricated SLD and hetero.structure.gwdmg, w-hose 5|mL.JIa.ted mocle profile us-mg Lumerical
Inset shows the bilayer resist quality facets. Inset shows laser arrays with pads (FDTD) is shown in (b). (c) Pictographic illustration of a fabricated tapered
pattern used for achieving cross-section at the ridge for RF testing waveguide SLD (TSLD). (d) A TSLD under electrical operation
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ain and wavefuntion overlap of c-plane, m-plane and a-plane

versus current density in (f). The log(f;,5) goes linearly as a function of J in the superluminescene regime due to the exponential increase of the o/p power with
active regions versus emission wavelength!(?! k

evident from the above equation.

>

N
P

)

@ [ [
Record Modulation Bandwidth of Blue Micro-LEDs
(a) (e) _
(0001) i Agilent virtual e g
| Nonpolar m-plane (This Study)  Semipolar (11-22 Polar c-planellPSS- +A+UNM Nonpolar network analyz€FSSs. NS p-GaN&
-_— o ,...v....v....v .v/ * V' UNM Non[_mlar ’
N \ . |+ O-UNMS | QWws
I1000 ] T v A A 4 A..ﬁl"". Al f B «s[JsUNM P:::Irpo y M?N LED AlGaN GaN template
A “ > [ Vel e | ® 1 @ McKendry et al.[2] E A underlayer Sapphire
CERN : < e [ Am-ﬁ""A"""ﬁ'".é’ .‘ 0 @ ¢ 1 @ Liao et al.[3] 1 = S ——a . * v
| | < Semipolar (11 22)'/v 5 0 ! ] tg“a"_eta’t‘['? 15 - } A N3 s (c) ol (d) T T I
emivolar -e_‘qﬂ\‘ . ecrelra et al. - - . R o
Polar Semipolar Nonpolar '-§ fThlsZtIUd;fOH) PP o \ Shi et al.[6] ” Cascade RF - = _ e © O = 4 Bt ||
(c) (d) 3 \ o 4 5 | Y Coren e el probe station G=< S 1000 ° S | onpolar A
_________________ 100 | a{,.-" 9. . Polar c-plane/Sapphire._ in etal.[8] =3 = A @ g ) et "l % '
_ . ] g O.T:/'. /.‘ U\ Flip Chip —@- Dinh et al.[8] y = 800} o % Wiy P —— = | | v /
T _ [ - 2 Voo el ] 2 ool £ ==l L IR A ULl S o il S
=E—— @ . m n;::- A0 /,--' Polar c-plane/Sapphire - c 600 T g * e~ /
— 5 | T R ul g \ Flip chip 8 [ @ 8 B oqll .- »
g 9 LED bandwidth ™ I 4/‘ \ ./' 1] 400 - g % - ZSe“i :Iar | o £
% qgf limiedbythelink . \ _ Polar c-plane/Sapphire (This Study) ® - [ o0 £ el —— ] 0 ! I;ZIZr. bt _L T 4
o % as| PD artifact 10 ‘ P'olerlcl-f)l‘alneISaephlfe o o | S ) . . .  Wavelength (nm) | ,- - |
g -18 [ LED without calibration 10 100 1000 10000 C 500 tD1000. A1I5002 2000 10 Current1[()):nsity (N:r:g)o
21 ._::LED.withcalibration Curren t Densi ty ( A Icmz) . urrent Density ( cm.) . ;
g Nlnkresponse | (a) lllustration of a nanowire-based micro-LED on sapphire. (b) Arrays
200 400 600 800 1000 1200 1400 1600 1800 2000 . . . .
Frequency (MHz) of GaN nanowires indicative of smooth morphology on the m-plane
(a) Schematic illustration of the various crystallographic planes analyzed; The inset shows an LED device probed using a GSG RF probe. (b) Bandwidth vs. current density for the | sidewalls. (c) -3dB bandwidth of the nanowire LED as a function of
nonpolar, semipolar, and conventional c-plane microLEDs, compared to other reported c-plane LEDs on sapphire and semipolar substrates. c-plane data from Refs. [2-6] and | current density. Inset image shows the EL spectra progression for
semipolar data from Refs. [7-8]. (c) RF setup for measuring the frequency response of the LED. (d) Effect of calibration of the RF link on the frequency response of the LED. (e) Test | different current densities. (d) Comparison of the -3dB bandwidth for
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