PHOTOGENIC

Factsheet 5: Integration of Germanium

Photonics on Silicon

Follow PhotoGeNIC on:

X 0

@PhotoGeNIC_HEU Pt‘OtOEeniC'
horizon-europe

Introduction: The integration of germanium (Ge) photonics on silicon (Si) substrates is a crucial advancement in the field of photonics. This inte-
gration enables compatibility with existing silicon-based technologies, facilitating the development of high-performance optical communication

systems and photonic integrated circuits (PICs).

Key Benefits of Germanium Photonics

on Silicon:

«  Enhanced Optical Properties: Germani-
um has a high absorption coefficient in
the near-infrared (NIR) spectrum, making
it ideal for photodetectors and modula-
tors.*

« CMOS Compatibility: The integration
supports  complementary  metal-ox-
ide-semiconductor (CMOS) processes,
allowing seamless adoption in micro-
electronics.

. High-Speed Optical Communication:
Ge-based photodetectors and modula-
tors enhance data transmission rates in
optical networks.

«  Cost-Effective  Manufacturing:  Silicon
photonics benefits from the mature fab-
rication ecosystem of Si-based semicon-
ductor manufacturing.

Integration Techniques:

1.  Epitaxial Growth: Direct epitaxial growth
of germanium on silicon using tech-
niques like molecular beam epitaxy
(MBE) and chemical vapor deposition
(CVD) ensures high-quality Ge films**

2. Wafer Bonding: Germanium layers can
be bonded onto silicon substrates using
direct or adhesive wafer bonding tech-
niques.

3. Selective Area Growth: Ge is deposited
only in specific regions using patterned
silicon templates to control strain and
defects.

4. Heterogeneous Integration: Combining
separately processed Ge components
with Si through hybrid techniques for
optimized device performance.

Applications:

.  High-Speed Photodetectors: Germanium'’s
absorption properties allow for efficient
detection in fiber-optic communications.

«  Optical Modulators: Ge-based modulators
enhance signal processing for high-speed
data transmission.

«  On-Chip Light Sources: Ge-based materials
contribute to silicon-based light emission
solutions.

. Quantum Photonics: Germanium-based
quantum dots and single-photon emitters
are used in emerging quantum technolo-
gies.

« VCSEL Technology: Germanium-based
vertical-cavity  surface-emitting  lasers
(VCSELs) offer promising solutions for ap-
plications in 3D imaging, LIDAR, and opti-
cal communications***

Challenges & Solutions:

. Lattice Mismatch & Defects: Strain engi-
neering and buffer layers help reduce dis-
locations and improve material quality.

«  Thermal Expansion Mismatch: Optimized
fabrication techniques and intermediate
layers mitigate thermal stresses.

« Integration with CMOS Process: Process
optimization ensures Ge components are
fully compatible with standard silicon fab-
rication techniques.

Future Outlook: The integration of germani-
um photonics on silicon continues to advance,
driven by the need for high-speed optical in-
terconnects, low-power photonic circuits, and
quantum photonic applications. Research is
ongoing to improve efficiency, scalability, and

new functionalities for next-generation semi-
conductor photonics.

Conclusion: Germanium photonics on silicon
is a transformative technology for modern pho-
tonics. With continued advancements in inte-
gration techniques and materials engineering,
Ge-Si photonics will play a pivotal role in the
future of high-speed optical communication,
computing, and laser technologies.

* For more information about Germaniums Optical
Properties, please see the previously
published Factsheet 2: Properties of Germanium.

** For more information about Epitaxial Growth, please
see the previously published Factsheet 3: Fabrication
Techniques for Germanium Photonics (Part 1).

*** PhotoGeNIC project focuses on developing
innovative Ge-based VCSELs using epitaxial growth
techniques MOCVD and MBE, improving crystal
quality and quantum efficiency for use in advanced
optical systems. This work aims to achieve high-per-
formance, reliable lasers for integration into 3D
camera and LiDAR demonstrators, leveraging the
better crystallographic lattice match between Ge and
AlGaAs to reduce defects and enhance efficiency.

@ [ H = = E
TECHNIKON — NITER) = [ pmd @ == umicore XenomatiX hameier
PHOTONICS of Technology’ —— = ' - eV .

-*’ *a
) -
N L

Consortium BUdgeT Duration Funded by the European Union under grant agreement no. 101102622. Views and opinions

8 Partners € 4,8 Million 48 Months expressed are however those of the author(s) only and do not necessarily reflect those of

5 Countries ]00%: EU-funded 10/2022 - 09/2026 the European Union. Neither the European Union nor the granting authority can be held

responsible for them.



