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Epitaxial Growth
Epitaxial growth involves the deposition of a 
crystalline layer on a substrate crystal, where the 
deposited layer mimics the crystal structure of 
the substrate. This process is essential for creating 
high-quality material layers with minimal defects, 
which are necessary for the optimal performance 
of photonic devices. Techniques like MBE, CVD, 
and MOCVD each have their unique advantages 
and are chosen based on specific requirements 
such as layer quality, scalability, and complexity.

• Molecular Beam Epitaxy (MBE): MBE is a 
vacuum-based technique where molecular 
or atomic beams of the constituent materi-
als are directed at the substrate. The process 
occurs in an ultra-high vacuum environment 
to ensure purity and precision. Effusion cells 
containing the source materials (e.g., ger-
manium) are heated, causing the materials 
to evaporate and these materials then con-
dense on the substrate, forming an epitaxial 
layer.

• Chemical Vapor Deposition (CVD): CVD 
involves chemical reactions of gaseous pre-
cursors that result in the deposition of a solid 
material on the substrate. This method can 
be performed at low pressures or atmo-
spheric pressures. The substrate is placed 
in a reaction chamber and heated to the 
desired temperature and chemical reactions 
occur at the substrate surface, leading to the 
deposition of germanium.

• Metal-Organic Chemical Vapor Deposi-
tion (MOCVD): MOCVD is a variant of CVD 
where metal-organic compounds (e.g., ger-
manium tetrachloride, GeCl4) are used as 
precursors. These precursors decompose 
on the heated substrate, depositing ger-
manium. The method allows the growth of 
complex structures, such as multi-layered 
and doped films.

Lithography
Lithography is a fundamental technique used in 
the fabrication of photonic devices, including ger-
manium-based photonics. It involves transferring 
a pattern from a mask to a substrate using light (or 
other radiation), allowing for the precise creation of 
micro- and nanoscale features. This process is cru-
cial for defining the intricate patterns required for 
photonic circuits and other devices.

• Photolithography: Photolithography uses 
ultraviolet (UV) light to transfer a geometric 
pattern from a photomask to a light-sensitive 
photoresist on the substrate. The exposed 
photoresist is developed, meaning the ex-
posed areas of a positive photoresist are dis-
solved (or the unexposed areas in a negative 
photoresist), revealing the pattern on the sub-
strate. The revealed areas of the substrate are 
etched away, or material is deposited in the 
revealed areas.

• Electron Beam Lithography (EBL): EBL 
uses a focused electron beam to write pat-
terns directly onto an electron-sensitive resist. 
The resist is developed, resolving exposed (or 
unexposed, depending on the resist type) ar-
eas to make the pattern visible. The substrate 
is then etched or the material is deposited as in 
photolithography.

• Nanoimprint Lithography (NIL): NIL in-
volves physically pressing a mold with a na-
noscale pattern into a resist material to create 
the pattern. The resist is cured (by heat or UV 
light) to solidify the pattern and the patterned 
resist can then be used for etching or material 
deposition.

Dry Etching
Dry etching is a critical technique in semiconductor 
and photonic device fabrication used to precisely 
remove material from a substrate using gaseous 

reactants. This method is essential for creating intri-
cate patterns and high-aspect-ratio features.

• Reactive Ion Etching (RIE): RIE uses chem-
ically reactive plasma to etch materials. Ions 
generated in the plasma react with the mate-
rial to form volatile compounds that are then 
removed. 

• Deep Reactive Ion Etching (DRIE): DRIE is 
a variant of RIE designed for deep, high-as-
pect-ratio structures. There are alternates 
between etching and passivation steps to 
achieve deep vertical etching. DRIE typically 
uses gases like SF6 for etching and C4F8 for 
passivation.

• Inductively Coupled Plasma (ICP) Etch-
ing: ICP Etching uses inductively coupled 
plasma to increase ion density, enhancing etch 
rates and uniformity. A high-density plasma is 
generated using an inductive coil and the ions 
are directed towards the substrate for etching.

Germanium photonics refers to the use of germanium as a material in photonic devices. Germanium is favoured due to its superior 
electronic and optical properties, such as high electron mobility and compatibility with silicon technology. This factsheet provides an 
overview of the key fabrication techniques employed in creating germanium-based photonic devices.

Germanium photonics fabrication involves 
a combination of advanced techniques 
including epitaxial growth, lithography, 
etching, doping, annealing, and metalli-
zation. Each technique plays a crucial role 
in the precise and efficient production 
of high-performance germanium-based 
photonic devices, paving the way for ad-
vancements in telecommunications, data 
processing, and sensor technologies. The 
other fabrication technologies (wet etch-
ing, ion implantation, annealing and met-
allization) for germanium photonics will 
be covered in the next issue of the fact-
sheet.
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