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Article Overview

Optical module packaging methods include COB, BOX, TO-CAN, and butterfly types, each designed to
balance cost, reliability, heat dissipation, and environmental suitability.

Hermetic vs Non-Hermetic Packaging

Hermetic packaging involves sealing optical components in a protective enclosure, often filled with inert gas,
to prevent moisture and dust ingress. This ensures high reliability and stable performance in harsh
environments, such as outdoor telecom networks or industrial applications. Common hermetic packages
include TO-CAN, BOX, and butterfly packages. Hermetic designs often incorporate thermoelectric coolers
(TECs) for temperature-sensitive laser diodes, maintaining wavelength stability and device longevity .
Non-hermetic packaging reduces cost and complexity by directly attaching optical chips to the PCB and
sealing them with epoxy or adhesives. This approach, exemplified by Chip-on-Board (COB) packaging, is
widely used in data centers and short-distance applications where environmental conditions are controlled .

Common Packaging Methods
1. Chip-on-Board (COB)

0 Description: The laser or photodiode chip is mounted directly on the PCB.

0 Advantages. Miniaturization, lightweight, lower cost, and shorter interconnection paths for improved
performance.

o Applications: Data centers, high-performance computing, campus networks, and short-distance optical links.
o Limitations: Sensitive to environmental instability; not ideal for industrial or outdoor temperature extremes .

2. BOX Packaging

0 Description: Optical components are enclosed in a metal box, often hermetically sealed with inert gas.

0 Advantages: High reliability, stable optical and electrical performance, effective heat dissipation, and easier
maintenance.

o Applications: Carrier-grade telecom modules, 100G optical transceivers, data centers, and high-performance
computing networks.

o Characteristics: Suitable for harsh environments with large temperature and humidity fluctuations .

3. TO-CAN Packaging

o Description: The laser is mounted on asmall heat sink and enclosed in ametal can with a sealed window.
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0 Advantages. Compact, cost-effective, and provides basic hermetic protection.

o Limitations: Limited volume restricts heat dissipation; not suitable for high-power or long-distance
applications.

o Applications. Short to medium-distance telecom links, such as 10 km 10G/25G fronthaul and home
broadband .

4. Butterfly Packaging

o Description: A specialized hermetic package often used for multi-channel transceivers.

0 Advantages. Integrates multiple lasers in a single package, suitable for high-density, multi-channel
applications.

o Applications. High-speed telecom and data center modules requiring precise temperature control and
reliability .

Evolution and Trends

Optical module packaging has evolved from bulky GBIC modules to compact SFP, QSFP, QSFP-DD, and
co-packaged optics (CPO). Miniaturization improves port density, reduces cost, and enhances performance for
high-bandwidth applications like 5G, Al computing, and cloud storage . Modern packaging emphasizes
integration, thermal management, and cost efficiency while maintaining optical alignment and reliability.

Key Considerations

o Environmental conditions: Hermetic packages for outdoor/industrial use; non-hermetic for controlled
environments.

0 Heat dissipation: BOX and TO-CAN packages often include heat sinks or thermal pads.

0 Cost vs performance: COB reduces cost but may compromise environmental robustness; hermetic packages
increase reliability at higher cost.

0 Application distance: VCSEL chips in COB for short reach; DFB or EML chips in hermetic packages for
medium to long distances . In summary, selecting an optical module packaging method requires balancing
cogt, reliability, therma management, and environmental suitability, with COB, BOX, TO-CAN, and butterfly
packages serving distinct roles across data center, telecom, and industrial applications.

Key optical interfacing methods are discussed, such as free-space optics, fiber-optic connections via edge
coupling or grating

This article will use plain language to take you through the evolution of optical module packaging, and will
aso
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The article details the packaging evolution, technical features (such as speed, compatibility, and modulation
technology), and typical

The demands for high-speed data transmission and the needs for an integrated optical module comprising
more functional optical

Figure3: Optical receiving circuit schematic The basic structure of optical module package is Transmitting
Optical Sub

Optical modules are an important part of optical communication systems and are used to transmit and receive
optical

Design Guidelines for Photonic Integrated Circuit Packaging PHIX is a one-stop-shop for the manufacturing
of modules powered by

The packaging technology of optica modules is the &quot;genetic code&quot; that determines their
performance, cost, and

Next, we introduce photonic chip packaging methods applied to various optical devices at the chip level.
Then, we

NRZ modulation is atraditional optical module modulation method, and its principleis
This paper reviews the packaging of optoelectronic, photonic, and microelectromechanical systems (MEMS)

This article will delve into the current mainstream optical module modulation technologies, rates, and
packaging types,

The basic design methodology and criteria required for packaging of optical components are reviewed, and the
state-of-art of

From the large GBIC in 1995 to today"s nano-scale QSFP-DD and co-packaged optics (CPO), how has
packaging technology

This article analyzes the requirements of optical transceivers and discusses packaging methods and optical
chip

Abstract As for integrated circuit (IC) device packaging, the packaging materials are critical to the LED
packaging because the device
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