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Background & Project Objectives

Objectives/Potential Benefits to SSL Budget Period Milestones

Background

EpitaXiaI Iateral. lovergrOWth (ELO) teChanueS Currently employed reduce. the For h|gh current Opto_e'ectronic applicationS, devices m|ght degrade through common In Ol'der tO aChleve these targeted efﬂClency and deV|Ce Ilfetlme gOa|S, |t Wl” thUS be necessary tO : — :
dislocation densities of h.ete.roeﬁlta1xu;1l Geg\l. With lateral ovr?.rgrow’.ch techniques, dislocation induced failure mechanism observed in other Ill-V semiconductor devices. provide low dislocation density GaN substrates and buffers that will allow fabrication of high power Milestones | Description C-ompletlon
typical dislocation densities in the 107 cm range can be achieved in regions. At future, higher input power densities, dislocations < 10" cm? may be required density, efficient LEDs with long lifetimes. Additionally, the costs of these substrates and buffers must Time
for acceptable lifetimes be low enough to allow LEDs to be cost-competitive with other lighting technologies Milestone 1| Growth, characterization, and optimization of GaN | Month 12
Dielectric mask pattern defines new growth zone _ - _ . . .
| = po’on’ __4x0'om a0’ en” | | nanowire templates. Demonstration of high
/ /// // o O e g vehers T;rge-~ihm\drgen soﬂ\mwpdrivensoﬁ J Our objective is to develop a novel technique (Nanowire Templated Lateral Epitaxial Growth, NTLEG) quality, vertical array of single crystal GaN
5i0, |/ / 107/cm? above the £ ol s emmemeEe el - employing vertically aligned GaN nanowire arrays grown by metal-catalyzed metal-organic chemical nanowires across 2" r-plane sapphire.
GaN buffer layer masked regions only* o A \\_“E‘gaptedfm"\ﬂi " _ , ] ] ) . Y .
Sanphire substrate 5 107 - : e — /?“f""a"“*""”’“y“' e vapor deposition (MOCVD) as high quality, nano-compliant strain-relief templates for the lateral Milestone Growth and optimization of NTLEG GaN films Month 18
£ 10 ' e — S ] growth and coalescence of inexpensive, low dislocation density GaN films (target < 108 cm-2 for 2.1 from vertical nanowire arrays grown without the
GaN grows only from exposed regions; R (2001)?“ | first eighteen months of project, eventual target < 107 cm=2 range dislocations). Additionally, the use of a template. Optimize and demonstra8te )
Threading dislocations densit tly d d. 8 ' : . , , _ . . . . . - - - - " ]
SO e 2 s Rl Lo NG T NTLEG films will be non-polar due to their predicted orientation (11-20), making them more attractive NTLEG films with dislocation densities <10° cm™.
10 10° o 10 10° w0 (1 10° 0% 107 for high-performance devices. In contrast to expensive epitaxial lateral overgrowth (ELO) processes, Milestone Characterization of NTLEG grown GaN films Month 18
e e e s 30 11o00). SRS e S the NTLEG technique requires no lithographic patterning or GaN pre-growth steps. 2.2 using template-free GaN nanowire arrays.
Sapphire substrate J.Y Tsao, IEEFE Circuits & Devices Vol 20 No @
3 p28-37 May/June 2004. A model is 00 q- N o 9’ ?‘
presented to calculate the influence of ) ® & 3‘ R ok This proposal will impact all aspects of the DOE SSL mission by providing a novel technique (NTLEG) Milestone Develop model for growth of NTLEG GaN films Month 18
The main disadvantage of ELO techniques is cost. Due to process complexity. efficiency and lifetime as a function of *3sge” © il . . ) .
o L o ' . . ’ dislocation density based on a simple bistocation sl & LSl that will enable growth of high quality GaN buffers at a cost substantially lower than current ELO 2.3
epitaxial cost is tripled or more, limiting use to more costly devices like blue laser dislocation mediated failure mechanism. localization regions techniques. This will enable cost-competitive, high power density, high efficiency LEDs with
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Advantages of NTLEG approach over ELO

 High quality, low dislocation or dislocation-free nanowires as growth
template directly on sapphire
« Nanowires serve as nanoscale bridges that connect epilayer and
substrate, minimizing strain & reducing defects (“nanoheteroepitaxy”)
* No “unusable” areas as in ELO
» Lower cost
« Sapphire can be used (no GaN pre-growth required)
* No patterning or interruption of growth required
 Results in non-polar film for non-polar nanowire orientation

Crgss-section SEM images of fully coalesced Ga

NTLEG GaN GaN directly on sapphire

Tilt view SEM of highly uniform, large area GaN nanowire growth on (1-102) sapphire
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NTLEG GaN on sapphire covered with GaN on blank sapphire (no Ni)

thin Ni (vertical nanowire template)

on sapphire cracks propagate to the surface.

20.00 kV| 42 ° |30.4 pm

50.7 ym

diodes.
Device lifetime increased on lower dislocation density GaN. long lifetimes to be developed.
Project Elements and Technology
Overview of NTLEG Approach Template-Free, Vertically Aligned Growth of GaN Nanowires on Sapphire Proof of Concept Demonstrated: Fully coalesced NTLEG GaN films
—> — —> ] . . . ) ) .. Plan-view SEM images of fully coalesced GaN
e e e Pf P e a8 0 A ST Represents simple pathway to inexpensive devices based on dense, vertically aligned lll-nitride NWs Fully coalesced freestanding NTLEG a-plane GaN
I I , — , Pl»;w;w&,wuwm R T | | T T e Cross-section SEM
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Strain is relieved in NTLEG GaN films by nanowire template as shown by cracks in nanowire ‘legs’ and lack of cracks/grooves. In contrast, in GaN grown directly

Vertically Aligned Nanowires — TEM Results and Growth Model
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[11-20] oriented GaN nanowire
Ni catalyst tip

[11-20] oriented GaN nanowire

No catalyst tip * [-1100]GaN]||[11-20]sapp = 15% mismatch

[11-20] GaN Nanowire Side View 2 Sandia National Laboratories, Livermore, CA

Contact: George T. Wang, giwang@sandia.qov, 505-284-9212 . DOE NETL

Wang, G. T., J. R. Creighton, A. Alec Talin, D. Werder, E. Lai, R. Anderson, 1. Arslan. “Highly aligned growth and characterization of dense GaN nanowires on sapphire by metal-organic chemical vapor deposition.” Nanotechnology 17 (2006) 5773-5780

« DOE Basic Energy Sciences
« Sandia LDRD Program

Sandia is a multiprogram laboratory operated by Sandia Corporati nergy’s National Nuclear Security Administration under Contract DE-AC04-94AL85000.



mailto:gtwang@sandia.gov

