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BACKGROUND

The substrate market for the 11I-N material system has been expanding for decades across optoelectronic and power
electronics for both research and industry, and there is a need for new methods of producing high-quality IlI-nitride
substrate and for ways to recycle lll-nitride substrates for direct regrowth. Single crystal bulk GaN is mainly grown
with three methods: liquid phase, metal-organic chemical vapor deposition, and hydride vapor phase epitaxy (HVPE).
Because the growth rate of HVPE is almost 10 times faster than MOCVD and 50 times faster than the liquid phase
method, HVPE grown bulk GaN substrates dominate the current market. Most bulk GaN growth techniques rely on
foreign substrates, such as sapphire, GaAs, and SiC. Due to the lattice mismatch between these substrates and free-
standing GaN, direct HVPE deposition can introduce a high density of defects, resulting in increased threading
dislocation density (TDD) and exacerbating wafer bowing when the GaN crystal thickness exceeds a few millimeters.
To address these challenges, methods like epitaxial lateral overgrowth (ELOG) and the development of free-standing

GaN layers are commonly used to reduce TDD and relieve accumulated stress in GaN layers.

However, bulk GaN substrate fabricated by ELOG techniques has limitations. Since I1I-N materials do not readily grow
on SiO2 or SiN hard masks used in ELOG, this technique promotes lateral growth over the mask regions, allowing
partial relaxation of the bulk GaN and effectively reducing TDD during this phase. Although the enhanced crystal
quality by ELOG strengthens the market appeal of bulk GaN substrates, this growth process requires extra time and
expenses on fabrication. Additionally, crystal bowing is a persistent challenge, primarily due to the off-angle
distribution during the GaN coalescence process using ELOG, which limits the crystal’s achievable thickness due to

accumulated stress and the potential for microcracks after laser lift-off.

DESCRIPTION

Researchers at the University of California, Santa Barbara have combined electrochemical etching with hydride vapor
phase epitaxy (HVPE) growth, enabling high-quality production and recycling of llI-nitride substrates with minimized
wafer bowing and off-angle distribution. This innovative technology introduces advanced methods for producing and
recycling lll-nitride substrates by integrating electrochemical etching of highly doped n-type sacrificial layers with fast
(HVPE). It addresses critical issues in substrate fabrication, such as wafer bowing, off-angle distribution, and costly
polishing steps. By enabling 100% detachment in selected regions and producing a smooth, epi-ready surface for

direct regrowth, these methods enhance crystal quality and allow for thicker, defect-reduced substrates. The approach
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also offers substrate recycling solutions that significantly reduce costs by reusing expensive buffer and mask

materials while maintaining surface quality suitable for immediate device fabrication.

ADVANTAGES

* Enables complete and selective substrate detachment, reducing wafer bowing and structural stress

* Produces smooth, epi-ready surfaces that eliminate additional polishing, lowering processing time and costs
* Facilitates recycling of high-cost substrates and buffer layers, improving economic efficiency

* Minimizes material loss from slicing and polishing, saving resources and expenses

» Supports bonding of fully relaxed lll-nitride materials onto foreign substrates for heterogeneous integration

 Improves crystal quality through reduction of threading dislocation density and off-angle variation

APPLICATIONS

* Production of high-quality llI-nitride substrates for optoelectronic devices including LEDs and laser diodes
» Power electronics manufacturing requiring thick, low-defect GaN substrates

» Recycling and reuse of substrates and buffer layers to reduce semiconductor fabrication costs

» Heterogeneous integration of lll-nitride materials on diverse foreign substrates for new device platforms

» Research and development in semiconductor material growth and epitaxial layer optimization
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I1I-Nitride Based VCSEL with Curved Mirror on P-Side of the Aperture
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