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BRIEF DESCRIPTION

A method for locally controlling an electrical potential of a semiconductor structure or device, and thus locally

controlling lateral and/or vertical photoelectrochemical (PEC) etch rates.

BACKGROUND

PEC etching uses above-bandgap illumination to generate carriers (specifically holes) needed to etch llI-nitrides. The
electrochemical potential of the semiconductor material surface relative to the electrolyte causes holes to be drawn
toward the semiconductor-electrolyte interface in n-type (unintentionally-doped or doped) material, allowing them to
participate in the electrochemical reactions necessary for material removal. Because the etching mechanism relies
heavily on the absorption of incident light and the electrochemical potential of the semiconductor material relative to
the electrolyte, PEC etching can be defect-selective, dopant-selective, and bandgap-selective. Most applications of
PEC etching have pertained to vertical etching of the material, either through direct illumination of the material
surface, or by illumination through a masking layer. However, specific descriptions of local control of the etch process

through modifications of the electrochemical component of etching have not been presented.

DESCRIPTION

Researchers at the University of California, Santa Barbara have developed a scheme for fabricating llI-nitride
semiconductor structures wherein a highly selective photo-induced etch is achieved through strategic modification of

the local electrochemical potential of the semiconductor structure relative to the electrolyte. This is accomplished with:

The suitable placement of electrically resistive (unintentionally-doped, doped, alloyed) or electron-blocking
layers in the semiconductor structure.

The selective placement of the cathode in PEC etching, wherein the cathode acts as a "channel" for the
controlled collection of photo-generated electrons from the semiconductor layers with which it is in contact.

The use of a suitable light source during PEC etching, which enables the photo-generation of electrons and
holes in layers with bandgap energies lower than the energy of the incident light. The etch will not proceed without
photo-induced carriers. The light source may be a laser or a broad-spectrum source with/without a filter.

The use of a suitable electrolyte solution during PEC etching, wherein the concentration and type of electrolyte

determines the etch rate and etch selectivity.

ADVANTAGES

Forms three-dimensional structures that would be extremely challenging with conventional etching processes

Simple and effective approach to achieving undercut geometry

APPLICATIONS

Bandgap-selective lateral etching
Substrate removal
Semiconductor devices

LEDs

Laser Diodes
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Growth of Planar Semi-Polar Gallium Nitride

High-Efficiency and High-Power IlI-Nitride Devices Grown on or Above a Strain Relaxed Template
UV Optoelectronic Devices Based on Nonpolar and Semi-polar AllnN and AlinGaN Alloys
I1I-Nitride Based VCSEL with Curved Mirror on P-Side of the Aperture

Enhancing Growth of Semipolar (Al,In,Ga,B)N Films via MOCVD
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