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Optical Transceivers 
1. Introduction to Optical Transceivers 

Optical transceivers are crucial components in modern telecommunications and data centers, 
converting electrical signals to optical signals and vice versa for high-speed data transmission 
over fiber optic cables. These devices are used in applications such as internet backbones, 
metropolitan area networks, enterprise networks, and data centers. 

 

2. Optical Transceiver Form Factors 

Form factors refer to the physical design and interface standards of optical transceivers. These 
include size, power consumption, thermal management, and compatibility with network 
equipment. Below is a detailed breakdown of the major form factors: 

2.1 GBIC (Gigabit Interface Converter) 

●​ Overview: The GBIC is one of the earliest optical transceiver form factors, introduced in 
the 1990s. 

●​ Usage: Primarily used for Gigabit Ethernet and Fibre Channel applications. 
●​ Limitations: 

o​ Bulky form factor. 
o​ Low density due to its size. 

●​ Max Power: ~1 W. 
●​ Evolution: The need for higher port density led to the development of the SFP (Small 

Form-factor Pluggable) transceiver. 
●​ Special Chips: Early GBICs utilized basic signal conversion chips without advanced 

integration. 

Example Image:​

 

 

 

2.2 SFP (Small Form-factor Pluggable) 

●​ Overview: SFP improved on GBIC by offering a smaller size while supporting Gigabit 
Ethernet, Fibre Channel, and SONET. 

●​ Usage: Common in switches, routers, and network interface cards. 



●​ Limitations: 
o​ Limited data rate support (up to 4 Gbps in initial designs). 

●​ Max Power: ~1 W. 
●​ Evolution: SFP+ (an enhanced version) was introduced to support 10 Gbps and higher 

data rates. 
●​ Special Chips: Signal conditioning ICs for error-free transmission at higher speeds. 

Example Image:​

 

2.3 SFP+ (Enhanced SFP) 

●​ Overview: Supports 10 Gbps and some implementations support up to 16 Gbps. 
●​ Usage: High-speed data networks, especially in data centers. 
●​ Limitations: 

o​ Limited scalability for data rates beyond 10-16 Gbps. 
●​ Max Power: ~1.2 W. 
●​ Evolution: QSFP (Quad Small Form-factor Pluggable) to support multiple lanes and 

higher aggregate data rates. 
●​ Special Chips: Integrated Digital Signal Processors (DSPs) for advanced error correction. 

Example Image:​

 

2.4 QSFP (Quad Small Form-factor Pluggable) 

●​ Overview: Supports four lanes of data, achieving data rates up to 40 Gbps (QSFP) or 100 
Gbps (QSFP28). 

●​ Usage: Data centers and high-performance computing environments. 
●​ Limitations: 

o​ Higher power consumption as data rates increase. 
o​ Heat management challenges. 

●​ Max Power: ~3.5 W. 
●​ Evolution: QSFP-DD (Double Density) to address the needs of 400 Gbps networks. 
●​ Special Chips: Coherent DSPs for long-haul and high-speed applications. 

Example Image:​

 



2.5 QSFP-DD (Double Density QSFP) 

●​ Overview: Provides eight lanes of data, supporting up to 400 Gbps. 
●​ Usage: Next-generation data center networks. 
●​ Limitations: 

o​ Increased heat generation due to high data rates. 
o​ Complex thermal management required. 

●​ Max Power: ~10 W. 
●​ Evolution: OSFP (Octal Small Form-factor Pluggable) to address higher thermal 

requirements. 
●​ Special Chips: PAM4 modulation DSPs for increased data rates. 

Example Image:​

 

2.6 OSFP (Octal Small Form-factor Pluggable) 

●​ Overview: Designed for 400 Gbps and beyond, with improved thermal performance. 
●​ Usage: Emerging high-performance computing and AI-driven data centers. 
●​ Limitations: 

o​ Not backward compatible with QSFP form factors. 
●​ Max Power: ~15 W. 
●​ Special Chips: Advanced DSPs and integrated optical engines. 

Example Image:​

 

 

3. Programming Optical Transceivers 

Optical transceivers are programmable to ensure compatibility, optimize performance, and 
enable diagnostics. Features enabled by programming include: 

1.​ Interoperability: Ensures compatibility with diverse hardware and network 
configurations. 

2.​ Performance Optimization: Adjusts laser power, modulation settings, and receiver 
sensitivity. 

3.​ Diagnostics: Provides real-time monitoring of parameters like temperature, power, and 
signal integrity. 

4.​ Firmware Updates: Enables future-proofing by adding support for new standards. 



 

4. Power Requirements of Optical Transceivers 
Form Factor Max Power Reason for Power Consumption 

GBIC ~1 W Basic signal conversion and optical transmission. 

SFP ~1 W Low-speed signal conversion. 

SFP+ ~1.2 W Higher-speed signal processing. 

QSFP ~3.5 W Multiple lanes and higher aggregate data rates. 

QSFP-DD ~10 W Advanced modulation and multiple lanes. 

OSFP ~15 W Higher speeds with integrated thermal management. 
 

5. Key Evolutionary Milestones 

●​ From GBIC to SFP: Driven by the need for higher port density. 
●​ From SFP to SFP+: Enhanced speed capabilities. 
●​ From QSFP to QSFP-DD: Higher data rates for data center scalability. 

 

6. Reliable References 

●​ Understanding Optical Transceivers 
●​ SFP and QSFP Explained 
●​ 400G Transceiver Standards 
●​ Form Factors in Data Centers 

 
 
Optical transceivers have evolved significantly, driven by the need for higher data rates, lower power 
consumption, and improved thermal efficiency. Future advancements are likely to focus on energy efficiency 
and new modulation techniques to support 800 Gbps and beyond. 
 
 
 
 
 
 
 
 
 
 



List of Optical Transceiver Form Factors 
Abbreviation Full Name Description 

GBIC Gigabit Interface Converter An early, large form factor for Gigabit Ethernet and Fibre 
Channel networks. 

SFP Small Form-factor Pluggable Compact transceivers for 1 Gbps to 4 Gbps applications, 
succeeding GBIC. 

SFP+ Enhanced Small Form-factor 
Pluggable 

Supports higher speeds (up to 16 Gbps) for Ethernet and 
Fibre Channel. 

QSFP Quad Small Form-factor Pluggable Designed for 4-channel data transmission, commonly 
supporting 40 Gbps. 

QSFP+ Enhanced Quad Small Form-factor 
Pluggable 

Higher-speed version of QSFP, supporting up to 40 
Gbps. 

QSFP28 Quad Small Form-factor Pluggable 28 Supports 4x28 Gbps channels, typically for 100 Gbps 
Ethernet and beyond. 

QSFP-DD Quad Small Form-factor Pluggable 
Double Density 

Designed for 8 channels, enabling 400 Gbps 
transmission. 

OSFP Octal Small Form-factor Pluggable Designed for 400 Gbps with larger size and advanced 
thermal capabilities. 

CFP C Form-factor Pluggable Larger transceivers for 100 Gbps, often used in long-haul 
applications. 

CFP2/CFP4 C Form-factor Pluggable 2/4 Smaller, more power-efficient versions of CFP, 
supporting similar applications. 

COBO Consortium for On-Board Optics Standard for integrating optics directly on host boards. 

XFP 10 Gigabit Small Form-factor 
Pluggable 

An older form factor for 10 Gbps, now mostly replaced 
by SFP+. 

CWDM Coarse Wavelength Division 
Multiplexing 

A technology-specific form factor for 
wide-wavelength-range applications. 

DWDM Dense Wavelength Division 
Multiplexing 

A form factor supporting dense wavelength multiplexing 
for long-haul links. 

 

Notes on Naming Conventions 

●​ The “Small Form-factor Pluggable” (SFP) naming scheme and its derivatives (SFP+, QSFP, 
QSFP-DD) are based on the need for compact, hot-swappable optical modules. 

●​ CFP (C Form-factor Pluggable) and its variations are named for their larger size, suitable for higher 
power dissipation and longer distances. 

●​ DWDM and CWDM refer to the multiplexing technology rather than a strict form factor but are often 
associated with specific transceiver designs. 

Each form factor evolves to support higher data rates, improved power efficiency, and better thermal 
management while ensuring compatibility with network devices. 

 
 



The traffic rules of fiber optic communication 
Fibre Channel, or FC: A high-speed networking technology primarily used to connect computer data 
storage to servers. Fibre Channel is mainly used in storage area networks in enterprise storage. FC networks 
are known as a fabric because they operate in unison as one big switch. Fibre Channel typically runs on optical 
fiber cables within ( data center connectivity) and between data centers (data center interconnect). 
 

Ethernet: Networking technologies mainly used for connecting a number of computer systems to form a 
local area network, with protocols to control the passing of information and to avoid simultaneous transmission 
by two or more systems. 
 

Synchronous optical networking (SONET) and Synchronous Digital 
Hierarchy (SDH): SDH is a standard technology for synchronous data transmission on optical media. It 
is the international equivalent of SONET, which is used in the US and Canada. Both technologies provide 
faster and less expensive network interconnection than traditional Plesiochronous Digital Hierarchy (PDH) 
equipment. 
 
 

From electricity to light (and back again) 
To transport all this traffic over an optical network, whether it be FC, Ethernet or SONET/SDH, a 

component called an optical transceiver is needed. Transceivers are wavelength-specific lasers 

that convert electrical data signals from data switches into optical signals. These signals can 

then be transmitted over the optical fiber. Each data stream is converted to a signal with a 

unique wavelength, meaning that it is effectively a unique light color.   

 

The signals can be wideband 850nm, 1310nm or 1550nm, or narrow band CWDM or 

DWDM wavelengths.  Due to the physical properties of light, no channel can interfere with the 

next – they are completely separated from each other.  

 

●​ Each channel is transparent to the speed and type of data, meaning that any mix of SAN, 

WAN, voice and video services can be transported simultaneously over a single fiber or 

fiber pair in a WDM system. 

●​ Typically, the output power and receiver sensitivity of an optical transceiver determines 

how far the traffic can travel. It also has a value that defines the amount of optical 

power available to successfully transmit signals over a distance of optical fiber. 

 

https://smartoptics.com/knowledgebank-post/what-is-fibre-channel/
https://smartoptics.com/knowledgebank-post/what-is-an-optical-fiber/
https://smartoptics.com/knowledgebank-post/cwdm-dwdm-explained/
https://smartoptics.com/knowledgebank-post/cwdm-dwdm-explained/


IEEE (Institute of Electrical and Electronics Engineers) 

●​ Role: The IEEE defines electrical and physical layer standards for Ethernet communication, including 
those used in optical transceivers. 

●​ Key Standards: 
o​ IEEE 802.3: Ethernet standards, including: 

▪​ 802.3ae: 10 Gigabit Ethernet. 
▪​ 802.3ba: 40 and 100 Gigabit Ethernet. 
▪​ 802.3bs: 200 and 400 Gigabit Ethernet. 
▪​ 802.3cu: 100G and 400G Ethernet for single-mode fiber. 

o​ Defines data rates, physical interfaces, and link-layer protocols. 
●​ Impact: IEEE standards provide the foundational specifications that optical transceivers must meet for 

Ethernet networking. 

 

2. MSA (Multi-Source Agreements) 

●​ Role: MSAs are collaborative agreements among manufacturers to create interoperable form factors and 
specifications for optical transceivers. 

●​ Key MSAs: 
o​ SFP MSA: Defines Small Form-factor Pluggable transceivers (SFP, SFP+). 
o​ QSFP MSA: Specifies Quad Small Form-factor Pluggable transceivers (QSFP, QSFP-DD). 
o​ CFP MSA: Establishes specifications for 100G, 200G, and 400G C Form-factor Pluggable 

transceivers. 
o​ OSFP MSA: Specifies Octal Small Form-factor Pluggable transceivers for 400G. 
o​ COBO (Consortium for On-Board Optics): Focuses on optical integration directly on circuit 

boards. 
●​ Impact: MSAs ensure compatibility and define physical dimensions, power consumption, and connector 

interfaces. 

 

3. ITU-T (International Telecommunication Union - 
Telecommunication Standardization Sector) 

●​ Role: ITU-T focuses on optical communication systems for telecommunications, especially long-haul 
and metro networks. 

●​ Key Standards: 
o​ G.652, G.655: Fiber optic specifications for single-mode fibers. 
o​ G.694.1, G.694.2: Standards for Dense Wavelength Division Multiplexing (DWDM) and Coarse 

Wavelength Division Multiplexing (CWDM). 
o​ Defines wavelength grids, modulation formats, and fiber compatibility. 

●​ Impact: ITU-T standards are crucial for optical transceivers used in telecom networks, particularly for 
DWDM/CWDM systems. 

 



4. OIF (Optical Internetworking Forum) 

●​ Role: The OIF promotes the development and adoption of interoperable optical networking 
technologies. 

●​ Key Contributions: 
o​ CEI (Common Electrical Interface) standards: Define electrical signaling for high-speed 

optical interfaces. 
o​ Coherent optical transceiver standards for advanced modulation formats (e.g., DP-QPSK). 

●​ Impact: OIF standards address interoperability for next-generation high-speed optical networks. 

 

5. TIA (Telecommunications Industry Association) 

●​ Role: TIA develops cabling and interconnection standards for optical networking. 
●​ Key Standards: 

o​ TIA-568: Structured cabling systems. 
o​ Defines specifications for connectors and fiber-optic cabling used with transceivers. 

●​ Impact: TIA ensures that optical transceivers interface properly with cabling infrastructure. 

 

6. ISO/IEC (International Organization for Standardization / 
International Electrotechnical Commission) 

●​ Role: ISO/IEC develops global standards for information technology, including optical networking. 
●​ Key Standards: 

o​ ISO/IEC 11801: Standards for structured cabling, including fiber optics. 
●​ Impact: Provides universal standards for cabling and connections to optical transceivers. 

 

7. CCSA (China Communications Standards Association) 

●​ Role: Develops standards for optical transceivers and networks specific to China's telecom 
infrastructure. 

●​ Impact: Provides localized standards that align with ITU-T and other global organizations but address 
regional requirements. 

 

8. IETF (Internet Engineering Task Force) 

●​ Role: Develops protocols and standards for Internet communication, indirectly impacting optical 
transceiver design. 



●​ Key Contributions: 
o​ Defines protocols like MPLS and Ethernet over optical networks. 

●​ Impact: Ensures that optical transceivers can handle internet-scale networking protocols. 

 

9. CIG (Cloud Industry Group) 

●​ Role: An emerging group focusing on standards for optical transceivers in cloud-scale data centers. 
●​ Impact: Develops guidelines for power efficiency and density in hyperscale environments. 

 

10. ANSI (American National Standards Institute) 

●​ Role: Oversees Fibre Channel standards, often used in storage area networks (SANs). 
●​ Key Standards: 

o​ Defines transceiver requirements for high-speed data transfer in storage networks. 
●​ Impact: Critical for transceivers used in enterprise-level SAN deployments. 

 

Summary Table 

Organization Primary Role Key Focus Areas 
IEEE Ethernet standards Data rates, interfaces, and protocols. 
MSA Form factor specifications Physical dimensions, power, and interoperability. 
ITU-T Telecom standards DWDM, CWDM, and fiber specifications. 
OIF Optical networking interoperability Coherent optics, electrical interfaces. 
TIA Cabling standards Structured cabling and connector compatibility. 
ISO/IEC Global IT standards Cabling and structured network design. 
CCSA Regional telecom standards Fiber and optical networks in China. 
IETF Internet protocols Optical networks for internet-scale applications. 
CIG Cloud-specific standards Hyperscale and power-efficient designs. 
ANSI Fibre Channel standards Transceivers for storage networking. 

 

These organizations work collaboratively to create the frameworks and guidelines that enable innovation and 
standardization in optical transceivers. 

 
 
 
 
 
 



What is an Optical Transceiver? 
An optical transceiver, also known as a fiber optic transceiver or optical module, is a small 

packaged device that uses fiber optic technology to transmit and receive data. 

‘Transceiver’ combines the words’ transmitter’ and ‘receiver’. In other words, the optical 

transceiver usually comprises an optical transmitter and an optical receiver that are combined 

and share common circuitry or a single housing. 

 

The optical transceiver is an essential part of optical network equipment. It has electronic 

components to condition and encode/decode data into light pulses and then send them to the 

other end as electrical signals. 

 

To send data as light, it uses a light source, such as VSCEL, FP, DFB, and EML laser, which is 

controlled by the electronic parts, and to receive light pulses, such as Pin or APD, it uses a 

photodiode semiconductor. 

 

 

 

 

 



 

Figure 1: Optical transceiver decomposition diagram 

 

Optical Transceivers Types 
Optical transceivers are classified into various types based on different methods to meet 

diversified requirements. But in most cases, we classify them based on form factors. 

Classified by Transceiver Form Factors 

 
By different form factors, they are classified as below types: 

●​ 1×9 Transceivers: Like its name “1×9”, the most noticeable feature is one prominent row 

of 9 pins. Most manufacturers have stopped using 1×9 transceivers and chose more 

popular types like SFP or SFP+. 

●​ GBIC Transceivers: short for Gigabit Interface Converter, they are a hot-pluggable form 

factor, but due to their considerable size, they can now only be found on ancient 

switches or devices. 

https://www.optcore.net/product-category/optical-transceiver/1x9-transceiver/


●​ SFF Transceivers are short for small form factor. They usually have 2×5 or 2×7 pins but 

are smaller than the 1×9 transceiver. Note that SFF doesn’t support hot pluggable. 

●​ SFP (mini-GBIC) Transceivers: short for small form pluggable, the most successful form 

factor to date. Therefore, it is the most popular type in the transceiver industry. Most of 

the later transceivers are developed based on them and upgraded with higher speed and 

compact form variants. 

●​ SFP+ Transceivers: These enhanced SFPs support higher speeds, such as 8G and 10G. In 

most cases, users may call them 10G SFP+. 

●​ XFP Transceivers: This stands for 10-gigabit small form factor pluggable, and “X” in this 

word stands for 10G. It was only briefly famous before being quickly replaced by SFP+ 

because of its drawbacks, such as significant form factor and high power consumption. 

●​ SFP28 Transceivers: This is an upgraded version of SFP+ that supports 25G to 28Gbps 

speed. It is mainly used in 25G Ethernet CPRI and data centers. 

●​ QSFP Transceivers: Short for quad small form pluggable, they provide a 4-lane signal for 

a combined speed of 40Gbps. 

●​ QSFP28 Transceivers: Building on the QSFP design, these transceivers can support 4x25G 

or 4x28G speeds, making them versatile and powerful tools in modern data center 

applications.CFP Transceivers: Defined in CFP MSA, this transceiver supports 40G/100G 

speed and is 82 mm × 13.6 mm × 144.8 mm. 

●​ CFP2 Transceivers: Similar to CFP, but provide a smaller size of 41.5 mm × 12.4 mm × 

107.5 mm and lower power consumption. 

●​ CFP4 Transceivers: CFP4 is released based on CFP2 for higher density and lower power 

consumption; the standard size is 21.5 mm × 9.5 mm × 92 mm. 

●​ CFP8 Transceivers 

●​ CXP Module: CXP is 120 Gb/s 12x Small Form-factor Pluggable; by supporting 12x10G 

lanes, it reaches a total speed of 120Gbps. 

●​ CSFP Transceivers: These are compact, small-form-factor pluggable devices that feature 

two BOSAs in the SFP size and provide double bandwidth capacity at some port density. 

●​ QSFP56 Transceivers 

●​ QSFP-DD Transceivers 

●​ OSFP Transceivers 

●​ CDFP Transceivers 

●​ X2 Transceivers 

●​ XENPAK Transceivers 

●​ XPAK Transceivers 

●​ SFP56 Transceivers 

https://www.optcore.net/product-category/optical-transceiver/sfp-transceiver/
https://www.optcore.net/product-category/optical-transceiver/sfp-plus-transceiver/
https://www.optcore.net/product-category/optical-transceiver/xfp-transceiver-2/
https://www.optcore.net/product-category/optical-transceiver/40g-100g-transceivers/25g-sfp28-transceiver/
https://www.optcore.net/product-category/optical-transceiver/40g-100g-transceivers/40g-qsfp-transceiver/
https://www.optcore.net/product-category/optical-transceiver/40g-100g-transceivers/100g-qsfp28-transceiver/
https://www.optcore.net/wp-content/uploads/CDFP-MSA-400G-Pluggable-Transceiver.pdf


●​ SFP56-DD Transceivers 

●​ Mini SFP Transceivers 

●​ COBO (Consortium for On-Board Optics) 

 

 

Many transceiver form factors are available, but many require updates over time. For instance, 

most manufacturers have stopped supplying switches with Xpak, X2, and XENPAK ports instead 

of the more commonly used SFP+ and QSFP ports. Consequently, finding a supplier that still 

offers these transceivers can be challenging. 

 

Indeed, some form factors are still in use, even though manufacturers may give them little 

attention.  

●​ One example is the 1×9 SIP package, which is still used as the fiber I/O interface in some 

industrial Ethernet switches and media converters. That is probably why regular end 

customers may not be aware of them. 

As our dependence on the internet grows, so does the need for reliable, high-speed 

connections. It has led to a significant increase in fiber cabling, which relies on high-speed 

optical transceivers. As a result, newer Form factors like SFP+, QSFP+, QSFP28, and QSFP-DD 

are gaining popularity and dominating the market. 

Classified by Transceiver Transmission Rates 

 

The transmission rate is the number of bits transmitted per second. The unit of measure for 

transmission rate is Mbps (Megabits per second) or Gbps (Gigabits per second). 

 

Depending on transmission rates, fiber optic transceivers are classified into the following types: 

●​ 0.5Mbps 

●​ 2Mbps 

●​ 10Mbps 

●​ 52Mbps 

●​ 84Mbps 

●​ 100Mbps (155Mbps) 

●​ 622Mbps 

●​ 1Gbps (1.25Gbps) 

●​ 2G/4G/8G/16G/32G Fibre Channel 

●​ 2.5Gbps 

●​ 3Gbps 

https://www.onboardoptics.org/
https://www.optcore.net/product-category/other-transceivers/1x9-transceiver/0-5m-2m-1x9-1x9-transceiver/
https://www.optcore.net/product-category/other-transceivers/1x9-transceiver/52m-1x9/
https://www.optcore.net/product-category/optical-transceiver/sfp-transceiver/622m-sfp/
https://www.optcore.net/product-category/optical-transceiver/sfp-transceiver/1000base-sfp/
https://www.optcore.net/product-category/optical-transceiver/sfp-transceiver/2-5g-sfp/
https://www.optcore.net/product-category/optical-transceiver/sfp-transceiver/video-sfp-transceiver/


●​ 6Gbps 

●​ 10Gbps 

●​ 25Gbps 

●​ 40Gbps 

●​ 50Gbps 

●​ 56Gbps 

●​ 100Gbps 

●​ 120Gbps 

●​ 200Gbps 

●​ 400Gbps 

●​ 800Gbps 

●​ 1.6Tbps 

 

Further Reading 

●​ Single Mode vs. Multimode Fiber, What is The Difference? 

●​ What is 1×9 Transceiver? 

●​ What is SFP Port? Everything You Need to Know 

●​ What is GBIC? Everything You Need to Know 

 

Classified by Fiber Mode Types 
Optical fibers are divided into: single mode fiber (SMF) and multi-mode fiber (MMF). As a 

result, optical transceivers are also classed as single mode and multi-mode transceivers to 

handle different optical fibers. 

 

Single mode transceivers typically have transmission distances ranging from 10km to 160km.  

●​ They operate on a typical center wavelength of 1310nm 

●​ 1490nm 

●​ 1550nm over single mode fiber  

https://www.optcore.net/product-category/optical-transceiver/sfp-plus-transceiver/10g-sfp-plus/
https://www.optcore.net/product-category/40g-100g-transceivers/25g-sfp28-transceiver/
https://www.optcore.net/product-category/40g-100g-transceivers/qsfp-transceiver/
https://www.optcore.net/product-category/40g-100g-transceivers/56g-qsfp/
https://www.optcore.net/product-category/optical-transceiver/40g-100g-transceivers/100g-qsfp28-transceiver/
https://www.optcore.net/single-mode-vs-multimode-fiber-difference/
https://www.optcore.net/what-is-1x9-transceiver/
https://www.optcore.net/what-is-sfp-port/
https://www.optcore.net/what-is-gbic-transceiver/
https://www.optcore.net/single-mode-vs-multimode-fiber-difference/


●​  

 

 

Therefore, it is suitable for long-distance or large-capacity transmission. 

 

Multi-mode transceivers are utilized for shorter transmission distances ranging from 0.5km to 

2km.  



●​ They operate on a typical center wavelength of 850nm over multimode fiber, which 

makes them suitable for low-cost, short-distance transmission.

 



 

 

 
 

Classified by transceiver applications 
There are many different transceivers for various applications. By different applications, they 

are classified into the following. 

●​ SONET/SDH 



●​ FE/GE/10G/40G/100G/400G Ethernet 

●​ Broadcast Video 

●​ CPRI and LTE 

●​ Fibre Channel 

●​ PON 

●​ CWDM/DWDM 

 

 

 

Structure of An Optical Transceiver 
Take the most popular SFP/SFP+ as an example; the optical transceiver comprises the below 

parts. The other QSFP-DD, QSFP28, XFP, QSFP, CFP, CFP2, and GBIC transceivers have similar 

structures. 

 

 

1 Latch 

2 Optical Receiver 

3 Optical Transmitter 

4 Transceiver Shell 



5 Label 

6 Dust Plug 

7 Spring 

Table 1: A typical transceiver structure 

 

 

 

 

Optical Transceiver Applications 
Fiber Optic Transceiver is widely found in wired networking applications such as Ethernet, Fibre 

Channel, SONET/SDH/ONT, CPRI, FTTx, and InfiniBand. The platform includes Ethernet 

switches, routers, firewalls, network interface cards, and fiber media converters. 

 

Storage interface cards, called HBAs or Fibre Channel storage switches, use fiber optic 

transceivers at speeds such as 2Gb, 4Gb, 8Gb, and 16Gb. 

 

The Main Parameters of Optical Transceiver 
• Data Rate: the number of bits transmitted per second. 

 

• Transmission distance: the maximum distance over which optical signals can transmit. 

Optical signals sent from different types of sources can be transmitted over different distances 

due to the negative effects of optical fibers, such as dispersion and attenuation. Select optical 

modules and fibers when connecting optical interfaces based on the maximum signal 

transmission distance. 

 

• Central wavelength: central wavelength represents the wave band for optical signal 

transmission. Currently, there are mainly three central wavelengths for standard fiber 

transceiver modules: 850 nm, 1310 nm, and 1550 nm, respectively, representing three 

wavebands. 

 

• Optical Transmit power: The output optical power of an optical transceiver when it works 

properly. When two optical transceivers are connected, the transmit optical power of one end 

must be within the range of received optical power on the other end. 



• Receiving sensitivity: the power at which the receiver of a fiber optic transceiver can receive 

optical signals within a range of bit error rate (BER = 10-12), in dBm. 

 

• Fiber mode: The mode of optical fibers is defined based on core diameters and features of 

optical fibers. Optical fibers are classified into single-mode (SMF) and multi-mode fibers 

(MMF). The multi-mode fibers have large core diameters and can transport light in multiple 

modes. However, the inter-mode dispersion is greater, so they are used to transmit optical 

signals over short distances. Single-mode fibers (SMF) have a small core size and can transmit 

light in only one mode with a small dispersion, so they can transmit optical signals for 

long-reach communication distances. 

 

• Connector Type: The interface on an optic transceiver to accommodate a fiber. The 

commonly used connector types are LC connector (applicable to QSFP, SFP, SFP+, SFF, and XFP 

transceivers), SC connector (applicable to BIDI SFP, GBIC, X2, XENPAK, and 1×9 transceivers), ST 

and FC connector (applicable to 1×9 transceivers), and MPO connector (applicable to 

QSFP+, SR4, and CXP modules). 

 

 

• Extinction ratio: the Minimum ratio of the average optical power with signals transmitted 

against the average optical power without signals transmitted in complete modulation mode. 

The extinction ratio indicates the capability of an optical module to identify signal 0 and signal 

1. This parameter is a quality indicator for fiber optic transceivers. 

 

• Eye diagram: an oscilloscope display in which a digital signal from a receiver is repetitively 

sampled and applied to the vertical input. At the same time, the data rate is used to trigger the 

horizontal sweep. 

https://www.optcore.net/product/40gbase-sr4-mmf-850nm-qsfp-optical-transceiver/


 

An "eye diagram" of a common optical transceiver, like an SFP or GBIC, visually represents the 

quality of its signal by displaying the received optical data over time, allowing engineers to 

assess factors like signal integrity, jitter, and noise by observing the "eye opening" on the 

diagram; a wider, clearer eye indicates a better signal quality, while a narrow or closed eye 

signifies issues with the transmission quality. 

 

The eye diagram is the result of accumulating and superimposing the bits of the collected serial 

signal in the way of oscilloscope afterglow. The shape of the superimposed figure looks like the 

shape of human eye. On the display of the oscilloscope, we can see an eye diagram that looks 

like an eye 

 

 
 
 
 
 
 
 



 
 
 
1. Tap Prism 

●​ Function: A tap prism is an optical component used to divert a small fraction of the 

transmitted or received optical signal for monitoring or diagnostic purposes without 

significantly impacting the main signal. 

●​ Working Principle: It uses partial reflection or refraction of light at a specific angle to 

"tap" into the optical path. 

●​ Usage: 

o​ Monitoring power levels in fiber optic networks. 

o​ Ensuring signal integrity by enabling real-time feedback loops. 

●​ Advantages: 

o​ Non-intrusive monitoring of optical signals. 

o​ Compact and efficient design. 

●​ Limitations: 

o​ Adds minimal insertion loss to the main signal. 

o​ Accuracy depends on precise alignment and material properties. 

 

2. Optical Isolator 

●​ Function: Prevents unwanted back-reflected light from re-entering the optical 

transceiver or laser source. 



●​ Working Principle: It uses Faraday rotation (a magneto-optic effect) combined with 

polarizers to allow light to pass in one direction while blocking it in the reverse direction. 

●​ Usage: 

o​ Protecting laser diodes from back-reflected light that can destabilize operation. 

o​ Enhancing performance in high-precision optical networks, such as DWDM (Dense 

Wavelength Division Multiplexing). 

●​ Advantages: 

o​ Improves signal-to-noise ratio by reducing noise from reflections. 

o​ Stabilizes laser operation in optical transmitters. 

●​ Limitations: 

o​ Adds cost and complexity. 

o​ Requires precise alignment. 

 

3. Monitor PD (Photodiode) 

●​ Function: A monitor photodiode (PD) detects a portion of the light output from the laser 

or transmitter to measure power levels or provide feedback for control systems. 

●​ Working Principle: Converts light into an electrical signal based on the photoelectric 

effect, enabling real-time monitoring of optical output. 

●​ Usage: 

o​ Monitoring output power for feedback control in laser drivers. 

o​ Ensuring compliance with safety and operational thresholds. 

●​ Advantages: 

o​ Enables closed-loop feedback systems for optical power control. 

o​ Essential for maintaining optical signal integrity. 

●​ Limitations: 

o​ Slightly reduces the optical signal's power due to the tapped portion. 

o​ Sensitive to environmental factors like temperature. 

 

4. Gain Chips 

●​ Function: Semiconductor optical amplifier chips used to boost the intensity of an optical 

signal within a transceiver. 

●​ Working Principle: Amplifies light by stimulated emission of radiation when the optical 

signal interacts with an active semiconductor medium. 

●​ Usage: 

o​ Enhancing the output power of laser sources. 

o​ Supporting long-distance communication by compensating for signal losses. 



●​ Advantages: 

o​ High gain efficiency for small devices. 

o​ Improves performance in fiber optic networks. 

●​ Limitations: 

o​ Introduces noise into the amplified signal (Amplified Spontaneous Emission, ASE). 

o​ Requires precise control of bias currents and temperatures. 

 

5. MEMS Tunable Filters 

●​ Function: MEMS (Micro-Electro-Mechanical Systems) tunable filters allow the selective 

tuning of specific wavelengths within the optical spectrum. 

●​ Working Principle: Uses microscopic mechanical structures, such as movable mirrors or 

gratings, to adjust the wavelength filtering dynamically. 

●​ Usage: 

o​ Dynamic wavelength selection in tunable lasers or optical multiplexing. 

o​ Enhancing wavelength division multiplexing (WDM) system flexibility. 

●​ Advantages: 

o​ Compact and scalable for integration in transceivers. 

o​ Enables precise control over wavelength selection. 

●​ Limitations: 

o​ Limited tuning range compared to non-MEMS solutions. 

o​ Requires precise fabrication and control circuitry. 

 

6. LiNbO₃ Mirror (Lithium Niobate Mirror) 

●​ Function: Used in electro-optical modulators or mirrors for precise control of light in 

optical systems. 

●​ Working Principle: Lithium niobate, a birefringent and piezoelectric crystal, modifies light 

properties when an electric field is applied. It can reflect, phase-modulate, or modulate 

intensity. 

●​ Usage: 

o​ High-speed optical modulation for telecommunications. 

o​ Precision mirrors in optical delay lines or signal processing. 

●​ Advantages: 

o​ Extremely fast response time for modulation. 

o​ High stability and low loss. 

●​ Limitations: 

o​ Expensive to manufacture. 



o​ Sensitive to environmental factors, such as temperature fluctuations. 

 
 
 

Summary Table 

Component Primary Function Key Usage Advantages Limitations 

Tap Prism Divert a fraction of 
optical signal Signal monitoring Non-intrusive, 

efficient Adds insertion loss 

Optical Isolator Block back-reflected 
light Laser stabilization Improved 

signal-to-noise ratio 
Costly, 
alignment-dependent 

Monitor PD Measure optical power Real-time feedback 
control 

Essential for 
feedback systems 

Sensitive to 
temperature 

Gain Chips Amplify optical signals Signal boosting High gain efficiency Introduces noise 
MEMS Tunable 
Filters 

Select specific 
wavelengths dynamically 

Wavelength division 
multiplexing Compact, precise Limited tuning range 

LiNbO₃ Mirror Modulate or reflect light High-speed optical 
modulation Fast response, stable Expensive, 

temperature-sensitive 
 
 

1. Tap Prisms 
●​ Usage: Typically found in high-end SFP+, QSFP, and QSFP-DD transceivers designed for 

monitoring purposes. 

●​ Applications: 

o​ Advanced diagnostics and real-time power monitoring in DWDM (Dense 

Wavelength Division Multiplexing) systems. 

o​ Transceivers with built-in optical power monitoring functionalities (e.g., for link 

health tracking). 

●​ Form Factor: More common in DWDM SFP+ or QSFP transceivers where optical signal 

quality is critical. 

 

2. Optical Isolators 
●​ Usage: Integrated into SFP/SFP+ transceivers operating with laser sources to protect 

against back-reflection. 

●​ Applications: 

o​ Found in CWDM (Coarse Wavelength Division Multiplexing) and DWDM systems. 



o​ Used in single-mode SFP+ transceivers for long-haul communication. 

●​ Form Factor: Most common in single-mode SFP and SFP+ due to the need for 

back-reflection management in long-distance fiber optics. 

 

3. Monitor Photodiodes (PD) 
●​ Usage: Present in SFP/SFP+, QSFP, and QSFP-DD transceivers for real-time power 

monitoring and feedback control. 

●​ Applications: 

o​ Found in lasers used for high-performance DWDM or CWDM SFP transceivers. 

o​ Enables dynamic power control in tunable SFP+ modules. 

●​ Form Factor: Universally applicable across form factors but critical in DWDM-capable 

SFP/SFP+ and QSFP transceivers. 

 

4. Gain Chips 
●​ Usage: Found in amplified transceivers, such as those designed for long-reach or 

high-power applications. 

●​ Applications: 

o​ Amplified DWDM SFP+ transceivers with reach requirements exceeding 40 km. 

o​ Often present in EDFA (Erbium-Doped Fiber Amplifier)-assisted transceivers. 

●​ Form Factor: 

o​ Less common in basic SFP or SFP+ modules. 

o​ Found in specialized long-haul SFP+ and QSFP transceivers. 

 

5. MEMS Tunable Filters 
●​ Usage: Incorporated in tunable DWDM SFP+ transceivers for dynamic wavelength 

selection. 

●​ Applications: 

o​ DWDM systems that require channel flexibility. 

o​ High-end tunable transceivers used in reconfigurable optical add-drop multiplexer 

(ROADM) networks. 

●​ Form Factor: 

o​ Present in SFP+ tunable DWDM transceivers. 



o​ Rarely found in QSFP, as MEMS filters are more suited for single-channel systems. 

 

6. LiNbO₃ Mirror 
●​ Usage: Found in high-speed modulators rather than standard SFP or SFP+ transceivers. 

These mirrors are used in integrated optical modulator designs. 

●​ Applications: 

o​ Rare in commercial transceivers but may appear in experimental or 

ultra-high-speed optical networks requiring advanced modulation formats. 

o​ Coherent optical transceivers (e.g., QSFP-DD coherent modules for 400G 

networks) may use LiNbO₃ components for advanced modulation. 

●​ Form Factor: Limited to coherent transceivers (e.g., QSFP-DD and OSFP), not common in 

SFP or SFP+. 

 

Overview of Form Factors Containing These Components 

Component Common Form Factors Applications 

Tap Prism SFP+, QSFP, QSFP-DD Signal monitoring, DWDM diagnostics 

Optical Isolator SFP, SFP+ Long-haul, single-mode fiber optics 

Monitor Photodiode 
SFP, SFP+, QSFP, 

QSFP-DD 
Power monitoring, dynamic control 

Gain Chips Amplified SFP+, QSFP Long-reach DWDM systems 

MEMS Tunable 

Filters 
Tunable DWDM SFP+ Wavelength-selective DWDM networks 

LiNbO₃ Mirror 
Coherent QSFP-DD, 

OSFP 

High-speed modulation in 400G+ coherent 

systems 

 

General Trends Across Form Factors 

1.​ SFP/SFP+: Primarily used for single-channel systems. Components like optical isolators 

and monitor photodiodes are most common. 

2.​ QSFP/QSFP-DD: Designed for multi-channel and higher-speed systems. Advanced 

features like gain chips and coherent technologies (using LiNbO₃ mirrors) may appear in 

specialized versions. 

3.​ DWDM-Tuned Modules: MEMS filters and gain chips are almost exclusive to 

DWDM-capable transceivers across form factors. 



4.​ Coherent Transceivers (QSFP-DD, OSFP): These high-performance systems integrate 

advanced components like LiNbO₃ mirrors and digital signal processors for advanced 

modulation schemes. 

 
 

 
 
 

Power Requirements and Heat Dissipation by Form Factor 

Form Factor Typical Power 
Consumption Heat Dissipation Strategies 

GBIC ~1 W - Large size helps dissipate heat passively. 
SFP (Small Form-Factor 
Pluggable) ~1 W - Passive cooling through natural convection. 

SFP+ (Enhanced SFP) ~1.2 W - Improved passive heat sinks. 
QSFP (Quad Small Form-Factor 
Pluggable) ~3.5 W - Metal housing for heat conduction.​

- Airflow in switches and routers. 

QSFP-DD (Double Density QSFP) ~10 W 
- Advanced heat sinks integrated into the 
module.​
- High airflow through data center racks. 

OSFP (Octal Small Form-Factor 
Pluggable) ~15 W 

- Thermal fins on module housing.​
- Compatibility with liquid cooling in 
high-performance racks. 



Form Factor Typical Power 
Consumption Heat Dissipation Strategies 

COBO (Consortium for On-Board 
Optics) ~5–15 W 

- Heat spreaders integrated into the device.​
- Cooling handled directly by host system 
designs. 

 

Detailed Explanation of Power and Cooling Mechanisms 

1. GBIC (Gigabit Interface Converter) 

●​ Power: ~1 W. 
●​ Cooling Strategy: 

o​ GBIC modules are large, which aids natural convection. 
o​ Metal casings help passively dissipate heat. 

2. SFP (Small Form-Factor Pluggable) 

●​ Power: ~1 W. 
●​ Cooling Strategy: 

o​ Passive cooling is sufficient due to low power consumption. 
o​ The module’s small size and metal housing facilitate heat conduction. 
o​ Dependent on host equipment airflow for additional heat removal. 

3. SFP+ (Enhanced SFP) 

●​ Power: ~1.2 W. 
●​ Cooling Strategy: 

o​ Incorporates metal heat sinks on the transceiver housing. 
o​ Relies on airflow from host systems, typically provided by cooling fans. 
o​ Efficient design minimizes power dissipation to maintain compactness. 

4. QSFP (Quad Small Form-Factor Pluggable) 

●​ Power: ~3.5 W. 
●​ Cooling Strategy: 

o​ Metal housings with high thermal conductivity transfer heat to the environment. 
o​ Switches and routers are designed to force air through QSFP bays for active cooling. 
o​ Some high-performance modules use thermal pads or conductive interfaces. 

5. QSFP-DD (Double Density QSFP) 

●​ Power: ~10 W. 
●​ Cooling Strategy: 

o​ Advanced heat sinks and fins integrated into the module casing. 
o​ Enhanced airflow in modern data center designs (e.g., front-to-back airflow configurations). 
o​ Thermal interface materials improve heat conduction to host cooling systems. 

6. OSFP (Octal Small Form-Factor Pluggable) 

●​ Power: ~15 W. 



●​ Cooling Strategy: 
o​ Large thermal fins to maximize surface area for heat dissipation. 
o​ Designed for compatibility with liquid cooling systems in high-density data centers. 
o​ Improved thermal isolation between adjacent modules. 

7. COBO (On-Board Optics) 

●​ Power: 5–15 W. 
●​ Cooling Strategy: 

o​ Integrated directly onto host boards, reducing thermal resistance. 
o​ Heat spreaders or heat pipes are often used to move heat to host chassis cooling. 
o​ Allows for more efficient cooling by leveraging host system design flexibility. 

 

Factors Influencing Cooling Design 

1.​ Power Density: Higher data rates and compact designs increase power density, requiring innovative 
heat management. 

2.​ Material Choice: Transceiver casings and internal components use materials like aluminum or copper 
for better thermal conductivity. 

3.​ Host System Design: 
o​ Equipment like switches and routers often have dedicated airflow designs to manage heat. 
o​ High-density racks might employ liquid cooling for the hottest components. 

4.​ Thermal Isolation: 
o​ Adjacent transceivers must be thermally isolated to prevent heat buildup in densely populated 

systems. 

 

Trends in Heat Management 

1.​ Liquid Cooling: Emerging for high-power modules (e.g., OSFP in AI/ML applications). 
2.​ Enhanced Airflow: Optimized chassis and rack designs focus on efficient airflow to cool densely 

packed transceivers. 
3.​ Thermal Interfaces: Thermal pads and conductive paste are increasingly common to improve heat 

transfer efficiency. 

 
 
 
 
 
 
 
 



Firmware Upgrades for Optical Transceivers 

 

 

Why Upgrade Firmware? 

●​ Bug Fixes: Resolves firmware issues that may affect performance or compatibility. 
●​ Performance Improvements: Enhances features like signal processing, power optimization, and 

thermal management. 
●​ Standards Updates: Adds support for new protocols or updated network standards. 
●​ Security Patches: Addresses vulnerabilities in transceiver operation. 

Methods of Firmware Upgrades 

1.​ Using Network Equipment Vendor (NEV) Tools: 
o​ Network vendors like Cisco, Arista, or Juniper often include tools in their network management 

systems (NMS) to upgrade transceiver firmware. 
o​ Example tools: 

▪​ Cisco: Cisco IOS/XE CLI or DNA Center. 
▪​ Arista: EOS Command-Line Interface. 

2.​ Using Manufacturer Software: 
o​ Transceiver manufacturers (e.g., Finisar, FS, and Avago) provide proprietary software or utilities 

for firmware updates. 
o​ USB-to-SFP adapters or Ethernet-based connections may be used for communication with the 

module. 
3.​ Command Line Interface (CLI): 

o​ Firmware can often be uploaded via a CLI connected to the switch/router hosting the transceiver. 
o​ Example command: upgrade module <module_id> firmware <file_path>. 

4.​ In-Band Management: 
o​ Some systems allow firmware updates via network traffic over the optical link itself. This is 

useful for remote or inaccessible transceivers. 

 



Firmware Update Procedure 

1.​ Connect to the Host Device: Log in to the host switch, router, or a PC connected to the transceiver. 
2.​ Backup Current Configuration: Ensure the existing firmware is backed up to avoid data loss in case of 

errors. 
3.​ Load Firmware File: Transfer the firmware file from a local or remote repository to the host device. 
4.​ Initiate Upgrade: Execute the update command using the manufacturer's utility or CLI. 
5.​ Verify Success: Check the version to confirm the update was successful (e.g., using show module 

status commands). 

 

2. Configuring Optical Transceivers 

Why Configure Transceivers? 

●​ Ensure proper operation with specific network devices. 
●​ Set parameters like data rate, wavelength, power levels, and compatibility modes. 
●​ Enable or disable diagnostics, fault detection, and loopback testing. 

Configuration Tools 

1.​ Vendor-Specific Network Management Systems (NMS): 
o​ Tools such as Cisco DNA Center or Arista CloudVision provide graphical interfaces to manage 

and configure transceivers. 
2.​ Command Line Interface (CLI): 

o​ CLI commands can directly configure transceivers connected to switches or routers. 
o​ Example: interface transceiver <id> config <parameter>. 

3.​ I2C Interface and Diagnostic Software: 
o​ Most optical transceivers comply with the SFF-8472 (Digital Diagnostics Monitoring 

Interface) standard, which allows configuration and monitoring using the I2C interface. 
o​ Tools like QSFP-DD MSA-compliant software provide a deeper level of configuration for 

QSFP modules. 
4.​ Standalone Programming Tools: 

o​ Specialized devices like SFP programming boxes or USB transceiver readers allow 
configuration changes without connecting to network hardware. 

Configurable Parameters 

●​ Speed Settings: Adjust the data rate (e.g., 1 Gbps, 10 Gbps, 100 Gbps). 
●​ Wavelength: Set the operating wavelength for tunable transceivers (e.g., DWDM modules). 
●​ Transmit Power: Modify optical output power to optimize link performance. 
●​ Compatibility Mode: Ensure interoperability with third-party devices (often locked by vendor 

firmware). 
●​ Diagnostics: Enable or disable digital diagnostics monitoring (DDM/DOM) features. 

 



3. Diagnostics and Monitoring 

Purpose of Diagnostics 

●​ Identify faults such as poor optical link quality, excessive attenuation, or power issues. 
●​ Monitor parameters to ensure compliance with operating conditions. 

How Diagnostics Are Performed 

1.​ Digital Diagnostics Monitoring (DDM): 
o​ Most modern transceivers include DDM/DOM functionality compliant with the SFF-8472 

standard. 
o​ Parameters monitored: 

▪​ Optical transmit/receive power. 
▪​ Laser bias current. 
▪​ Module temperature. 
▪​ Supply voltage. 

2.​ CLI Commands: 
o​ Commands like show transceiver diagnostics provide real-time monitoring of the above 

parameters. 
3.​ Vendor Tools: 

o​ GUI-based tools like Cisco DNA Center or proprietary software from FS or Finisar visualize 
diagnostics. 

4.​ Alarm and Warning Systems: 
o​ Transceivers issue alarms for critical failures (e.g., out-of-range temperature or signal loss). 

 

4. Challenges in Upgrading and Configuring Transceivers 

●​ Vendor Lock-in: Many transceivers are coded to work with specific brands of network equipment. 
o​ Example: A Cisco-coded SFP may not work in a Juniper device. 
o​ Solution: Some third-party providers offer reprogrammable transceivers for multi-vendor 

compatibility. 
●​ Compatibility Issues: 

o​ Configuration settings must match the network device's capabilities (e.g., speed and protocol). 
●​ Firmware Risks: 

o​ Failed firmware updates can render a transceiver inoperable. 
o​ Solution: Always ensure power stability and use verified firmware. 

 

5. Why Are Optical Transceivers Configurable? 

Configuration allows for: 

1.​ Flexibility: Adapt to various network requirements (e.g., link distance, speed). 
2.​ Optimization: Fine-tune parameters to improve performance and energy efficiency. 
3.​ Interoperability: Ensure compatibility with a range of devices and protocols. 
4.​ Diagnostics: Provide detailed insights into transceiver health and performance. 



 
 



 

Beyond Boundaries: Explain the 800G Optical Transceivers 
and Standards 
Posted on Mar 11, 2024 by 
 George 
In today's interconnected world, the demand for faster and more efficient data transmission continues to grow 
exponentially. To meet this need, the industry has witnessed remarkable advancements in optical communication 
technology. One such breakthrough is the emergence of 800G optical transceivers and the corresponding 
standards. In this article, we will delve into the intricacies of 800G optical transceivers, their significance, and the 
standards that govern their operation. 

Understanding 800G Optical Transceivers 
Optical transceivers are key components in fiber-optic communication systems; they convert electrical signals into 
optical ones, and vice versa, enabling high-speed data transmission over long distances with minimal loss. An 800G 
transceiver is designed to support transmission rates of up to 800 gigabits per second, which is achieved by using 
multiple lanes of optical signals and advanced modulation techniques and surpassing the capacity of their 
predecessors, the 400G optical transceivers, by more than twofold. 
The technology behind 800G transceivers involves complex multiplexing methods to increase the amount of data 
transmitted over a single fiber, such as Pulse Amplitude Modulation 4-level (PAM4), which doubles the bits per 
symbol compared to the traditional Non-Return to Zero (NRZ) modulation. In addition, advanced digital signal 
processing (DSP) techniques and forward error correction (FEC) algorithms are employed to enhance the signal 
integrity and extend the reach of the transceivers over the optical fiber. 

What Are the Key Benefits of 800G Optical Transceivers? 
800G optical transceivers offer several key features and benefits that make them highly desirable in the industry: 

●​ Unprecedented Speed: With data rates of up to 800 Gbps, these transceivers offering a significant increase 
in bandwidth compared to previous generations and network capacity improved greatly, allowing for the 
seamless transmission of massive amounts of data. 
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●​ Enhanced Bandwidth Efficiency: By employing advanced modulation techniques, such as PAM4, 800G 
transceivers enable higher data rates without requiring a proportional increase in bandwidth, optimizing the 
utilization of available resources. 

●​ Future-Proofing: As data demands continue to escalate, adopting 800G technology ensures that networks 
can accommodate future growth and emerging applications, providing a long-term solution for high-speed 
data transmission. 

What Are the Standards and Interoperability of 800G Optical Transceivers? 
The establishment of standards is crucial for ensuring interoperability and reliability in the deployment of 800G 
solutions. The Institute of Electrical and Electronics Engineers (IEEE) and the Optical Internetworking Forum (OIF) are 
two leading organizations involved in the development of such standards. However, as they are relatively new, the 
standards and implementation details may still be under development. 

One of the key standards in development around 800G technology is the 800GBASE-R standard by the IEEE. This is 
an extension of existing Ethernet standards to support 800 Gbps data rates. The standards address various aspects 
of 800G transceiver functionality, including: 

●​ 1. Form Factor: Common form factors for transceivers include QSFP-DD (Quad Small Form Factor 
Pluggable - Double Density) and OSFP (Octal Small Form Factor Pluggable), which are designed to 
accommodate the higher power and thermal requirements of 800G transmission. 

●​ 2. Modulation Techniques: Advanced modulation techniques such as PAM4 (Pulse Amplitude 
Modulation with 4 levels) are typically used to transmit 800Gbps over each wavelength. This modulation 
allows for higher data rates without increasing the baud rate, which helps to manage signal integrity over 
longer distances. 

●​ 3. Fiber Type and Reach: The standards specify the types of optical fiber (single-mode or multimode) 
compatible with 800G transceivers, as well as the maximum supported distances for different application 
scenarios (e.g., inter-data center, intra-data center, long-haul networks). 

●​ 4. Forward Error Correction (FEC): FEC is a critical technology for maintaining data integrity over optical 
networks. Standards specify FEC algorithms to ensure that the data can be transmitted reliably without 
excessive errors at such high speeds. 

 

''Also Check- "Forward Error Correction (FEC) in 100G Data Transmission 
●​ 5. Lane Distribution: Because current technology does not support 800Gbps on a single optical lane, the 

transceiver has multiple lanes. Each lane might operate, for instance, at 100Gbps, with eight lanes combined 
to achieve the aggregate 800Gbps data rate. 

https://community.fs.com/article/forward-error-correction-fec-in-100g-data-transmission.html


●​ 6. Interoperability: Ensuring that 800G transceivers from different vendors can work together and with 
existing network equipment is crucial. This is addressed in the standards by defining specifications for 
electrical interfaces, management interfaces, and optical parameters. 

What Are the Applications of 800G Optical Transceiver? 
800G optical transceivers' high-speed capabilities and improved bandwidth efficiency make them ideal for handling 
massive data traffic. They are expected to find applications in various areas that require high-speed and 
high-bandwidth data transmission. Here are some potential applications: 

$6,799.00 

●​ 1. Data Centers: Data centers, especially large-scale cloud data centers, handle massive amounts of 

data traffic and require high-speed connectivity between servers, storage systems, and network switches. 
800G transceivers can cater to the increasing demand for bandwidth in data centers, supporting faster 
interconnects and improving overall data center performance. 

●​ 2. High-Performance Computing (HPC): HPC clusters and supercomputers rely on fast 

and efficient data communication between compute nodes. 800G transceivers can enhance the 
interconnectivity within HPC systems, enabling faster data transfers and reducing latency, thereby 
accelerating scientific research, simulations, and data-intensive computations. 

●​ 3. Network Service Providers: Telecommunication service providers and network operators 

can benefit from 800G transceivers to upgrade their backbone networks, enabling higher data capacity, 
faster transmission rates, and improved network scalability. This can support the increasing demand for 
bandwidth-driven services such as streaming, video conferencing, and cloud-based applications. 

●​ 4. Metro and Long-Haul Networks: 800G transceivers can be deployed in metro and 

long-haul networks to support high-capacity transmission over extended distances. They can help service 
providers meet the growing demand for high-speed connectivity between cities, enabling efficient data 
transfer for applications like video streaming, online gaming, and IoT. 

With 800G technologies, networks can be more energy-efficient, cost-effective, and scalable, providing the 
necessary infrastructure to handle future data growth and technological advancements. As the demand for data 



continues to increase exorbitally, 800G optical transceivers are expected to play a critical role in meeting the needs 
of various industries that rely on fast and reliable data transmission. 

 

How to Find Cabling Solutions For Your 800G Optical Network? 

Finding personnel who know how to properly connect an 800G fiber optic network can be challenging. The reality is 
that there is a severe shortage of construction workers who understand how to install even the most basic fiber 
optic networks. 

Therefore, finding a product that can keep up with the latest technological advancements will be a challenge. That's 
why it is necessary to find a company that is familiar with these types of new technologies. FS.com is a company that 
can help you meet any technical requirements. With their professional expertise and extensive experience, their 
team specializing in FS technology can assist in designing and implementing setups that allow data centers to 
operate at maximum efficiency. They also provide technical support and on-site installation services. 

Conclusion 

The advent of 800G optical transceivers represents a significant milestone in optical communication technology. 
With their remarkable speed, enhanced bandwidth efficiency, and adherence to industry standards, these 
transceivers are poised to revolutionize data transmission in the modern era. As demand for faster and more 
efficient networks continues to surge, embracing 800G technology ensures networks are well-equipped to meet the 
challenges of tomorrow's data-driven world. 
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How to Tell if My SFP is Single-Mode or Multimode? 
SheldonUpdated at Mar 21st 2024 

https://www.fs.com/blog/how-to-tell-if-my-sfp-is-singlemode-or-multimode-1257.html 

To determine if your SFP (Small Form-factor Pluggable) module is single mode or multimode, 

you can look for specific markings or labels on the module itself. Typically, single mode SFP 

modules are labeled as "SM" or "single mode," while multimode modules may be labeled as 

"MM" or "multimode." Additionally, single mode modules often have yellow-colored 

connectors, while multimode modules may have orange or aqua-colored connectors. It is 

important to check the specifications or documentation provided by the manufacturer to 

confirm the mode of your SFP module, as the labeling and color coding conventions may vary. 

What is Single-Mode vs. Multimode SFP? 

SFP, or Small Form-factor Pluggable, is a type of transceiver used in data communication and 

telecommunications networks. It allows for the connection of a network device to various 

types of fiber optic or copper cabling. SFP modules are standardized by the MSA (Multi-Source 

Agreement), meaning they can be used across different brands of networking equipment. 

There are two primary types of fiber optic SFP transceivers based on the mode of the 

fiber: Single-Mode SFP (SMF) and Multimode SFP (MMF). 

Single-Mode SFP 
Fiber Type: Single-mode fiber (SMF) uses one mode of light to propagate through the fiber. 

This means there is a single light path and it's usually a laser-based light source. 

Core Diameter: A single-mode fiber has a small core diameter, typically around 9 micrometers. 

Distance: Single-mode SFP can transmit data over long distances, generally up to 150 

kilometers, depending on the SFP model and its optical budget. 

Speed and Bandwidth: Single-mode fiber offers higher bandwidth than multimode and can 

support higher data rates because it has no modal dispersion due to the single light path. 

Color Coding: Single-mode SFPs are typically identified by blue-colored bail or coding. 
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Multimode SFP 

Fiber Type: Multimode fiber (MMF) allows multiple modes or light paths to propagate through 

the fiber, resulting in differential mode delay. This is usually an LED-based light source but can 

be laser-optimized for higher performance on later multimode fiber versions. 

Core Diameter: Multimode fiber has a larger core size, usually 50 or 62.5 micrometers, which 

enables multiple light paths. 

Distance: Multimode SFPs are suitable for shorter distances, generally up to 2 kilometers, but 

most are used for distances under 600 meters. 

Speed and Bandwidth: Multimode SFPs offer high bandwidth at short distances, but the 

bandwidth potential decreases with increased cable length due to modal dispersion. 

Color Coding: Multimode SFPs often have a black or beige bail, or aqua in the case of the 

enhanced 10Gbps versions (OM3/OM4). 

When choosing an SFP for a network application, it's essential to consider the required 

distance, data rate, compatibility with the existing network infrastructure, and the cost. 

Single-mode fiber solutions are generally more suitable for long-haul applications, whereas 

multimode fiber is often preferred for short-range data communications, such as within a data 

center or a building. 

Check the Labeling or Product Specifications of the SFP Module. 

To ascertain the mode of your Small Form-factor Pluggable (SFP) module, begin by examining 

its label or documented specifications. Manufacturers typically specify on these labels or 

within the documentation whether the SFP module is designed for single mode ("SM") or 

multimode ("MM") fibers. Look for these indicators in the text to identify the mode. 

When the label or specifications do not provide clear insights, consider inspecting the SFP 

module visually. The physical attributes between single mode and multimode SFP modules 

differ notably. Single mode modules often allow for greater transmission distances with a fiber 

core diameter around 9 microns, while multimode modules accommodate less distance and 

have a broader core diameter, generally 50 or 62.5 microns. 
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Bear in mind the existence of advanced SFP modules that are equipped to handle both single 

mode and multimode fibers; these are termed "dual-mode" or "universal" SFPs. This type will 

automatically adapt to the connected fiber type. When using a dual-mode SFP module, the 

mode may not be visibly evident, thus necessitating a check of the product's specifics or a 

consultation with the manufacturer. 

 

To sum up, verifying whether your SFP module is single mode or multimode involves initial 

scrutiny of labels or specifications, followed by physical examination, and when in doubt, 

reaching out to the manufacturer for definitive answers. 

Outer Appearance Identification - Single-Mode vs. Multimode SFP Color Coding 

Single-mode SFP vs multimode SFP is color-coded with different Bale Clasp. Though the 

color-coding rule is not total conformity for different vendors, generally the Bale Clasp of 

multimode SFP is black, and fiber patch cables used with multimode SFP are usually orange 

(OM1/OM2), aqua green (OM3/OM4), green (OM5). 

 

https://community.fs.com/article/single-mode-cabling-cost-vs-multimode-cabling-cost.html


 

Fig 1: Black color-coded Bale Clasp 1G SFP are multimode SFP, and used with OM1/OM2 

multimode fiber patch cables in orange, OM3, OM4 in aqua green, or OM5 in green. 

The most common color of single-mode SFP Bale Clasp is blue, there are also some in yellow, 

red, etc. Fiber optic jumpers used with single-mode optical modules are generally yellow. 

 

 

Fig 2: Blue/Yellow/Red color-coded Bale Clasp 1G SFP are single-mode SFP, and are often used 

with single-mode fiber patch cables in yellow. 

Measuring the Module's Optical Properties with a Power Meter or OTDR 

Employ a power meter or an Optical Time-Domain Reflectometer (OTDR) to ascertain the 

optical attributes of your SFP (Small Form-Factor Pluggable) module and discern whether it 

operates on single-mode or multimode fiber. 

A power meter gauges the optical signal's intensity and can be instrumental in assessing the 

SFP module's output. Typically, single-mode SFP modules exhibit higher output power than 
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their multimode counterparts. By juxtaposing the empirical power values against the SFP 

module's specifications, you can infer its mode designation. 

Conversely, an OTDR grants a comprehensive analysis of the module's optical performance 

through parameters like signal loss and reflectance over the fiber's trajectory. Single-mode 

fibers are generally characterized by reduced signal loss and augmented reflectance in contrast 

to multimode fibers. An examination of the OTDR's readings facilitates the determination of 

the fiber mode utilized by the SFP module. 

Furthermore, it is prudent to inspect the SFP module for any mode-indicative inscriptions or to 

peruse its product manual. When necessary, reaching out to the manufacturer may yield 

definitive confirmation of the module's mode configuration. 

With the continuous evolution of technology, alternative mechanisms or updated equipment 

could emerge for identifying an SFP module's mode. Therefore, engaging with the latest 

industrial developments and seeking advice from domain experts or authoritative resources is 

essential for obtaining valid and current assessments. 

Seeking Expert Consultation for SFP Module Identification 

When attempting to establish if your SFP (Small Form-factor Pluggable) module is single mode 

or multimode, there are several preliminary techniques you might consider. Yet, for guaranteed 

accuracy, soliciting help from an expert in the field is highly advised. 

Label or Manual Review: Typically, the SFP module's labeling or accompanying documentation 

will denote its mode—look for "SM" indicating single mode or "MM" representing multimode. 

Connector Color Examination: Single mode connectors generally appear blue, and multimode 

ones can be beige, black, or gray. This approach, however, is not foolproof since connector 

colors are not standard. 

Fiber Core Size: Single mode fibers have a smaller core (about 9 microns) than multimode 

fibers (approximately 50 or 62.5 microns). With the right equipment, like a microscope, you 

may be able to measure the fiber's core diameter inside the module. 

Manufacturer Inquiry: Contact the SFP module's producer with the model number or other 

pertinent data to have them verify your module's type. 



Despite these methods, the nuances and specific variations of SFP modules mean that they 

may not always yield complete accuracy. Experts and professionals, equipped with appropriate 

expertise and instruments, can authenticate the SFP module type with certainty and guide you 

accordingly. 

 

 

 
 
 
 
 
 
 

Active Optical Cables (AOCs) 
●​ Transmission Medium: Use optical fiber to transmit data as light signals. 
●​ Distance Capability: Can support longer distances, typically up to 100 meters or 

more1. 
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●​ Electromagnetic Interference (EMI): Immune to EMI, making them ideal for 
environments with high interference1. 

●​ Bandwidth: Capable of supporting high data rates (e.g., 40Gbps, 100Gbps) 
without signal degradation over long distances1. 

●​ Power Consumption: Generally higher due to the active components that 
convert electrical signals to optical signals and vice versa1. 

●​ Cost: More expensive than DACs due to the use of optical fiber and active 
components1. 

Direct Attach Copper (DAC) Cables 
●​ Transmission Medium: Use copper (typically Twinax) to transmit data as 

electrical signals. 
●​ Distance Capability: Suitable for shorter distances, usually up to 7 meters for 

passive DACs and up to 15 meters for active DACs1. 
●​ Electromagnetic Interference (EMI): Susceptible to EMI, which can affect 

performance in high-interference environments1. 
●​ Bandwidth: Supports high data rates but over shorter distances compared to 

AOCs1. 
●​ Power Consumption: Lower for passive DACs (almost zero) and moderate for 

active DACs1. 
●​ Cost: Generally more cost-effective than AOCs, especially passive DACs1. 

In summary, AOCs are better suited for longer distances and environments with high 
EMI, while DACs are more cost-effective for shorter connections within data centers. 
Both have their specific use cases depending on the network requirements. 
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Comparison of 100G QSFP28 Multimode Transceivers: 100G 
SRBD VS 100G SWDM4 
GeorgeUpdated at Oct 8th 2024  
https://www.fs.com/blog/comparison-of-100g-qsfp28-multimode-transceivers-100g-srbd
-vs-100g-swdm4-1621.html 
In the era of cloud computing and 5G networks, the demand for high-speed data 
transmission is reshaping the landscape of data center architectures. As organizations 
increasingly adopt 100G transceivers, these devices become a significant part of 
network construction costs. Notably, over 90% of optical fiber links in small and 
medium-sized data centers, and more than 70% in larger facilities, are less than 100 
meters in length. This trend underscores the relevance of multimode fibers, which can 
effectively support most of these connections. Within the 100G spectrum, the QSFP28 
multimode modules, specifically QSFP 100G SRBD, and QSFP 100G SWDM4, offer 
compelling solutions tailored to meet the diverse needs of modern data centers. This 
comparison explores the features, advantages, and application scenarios of these two 
prominent transceivers. 

Introduction of QSFP 100G SRBD and QSFP 100G SWDM4 
As network demands continue to grow, the 100GBASE-SRBD and 
100GBASE-SWDM4 optical modules have emerged to meet the challenges of modern 
data centers regarding bandwidth, transmission distance, and efficiency. These two 
modules not only deliver outstanding performance but are also optimized for different 
application scenarios, ensuring reliable and efficient data transmission. Next, we will 
briefly explore the fundamental information about these two modules. 

QSFP 100G SRBD 
The QSFP 100G SRBD is a 100G optical transceiver designed for short-range data 
center applications, particularly in high-density environments requiring bidirectional 
data transmission. The term SRBD stands for "Short Range Bidirectional," where SR 
refers to short-range transmission and BD indicates bidirectional communication. This 
module's ability to transmit and receive data over a single multimode fiber makes it 
highly efficient for optimizing port usage in network equipment. 

Basic Transmission Method: 
Fiber Type:  
Designed to utilize a single multimode fiber. 
Wavelength Division Multiplexing (WDM):  
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Simultaneously transmits and receives optical signals over two distinct wavelengths 
(850 nm and 900 nm) through its dual LC ports. 
Laser Type:  
Employs a dual-wavelength Vertical-Cavity Surface-Emitting Laser (VCSEL) 
bidirectional optical interface, specifically optimized for Pulse Amplitude Modulation 
with four levels (PAM4) signaling. 
Application Scenarios: 
Transmission Distance: 
 Supports distances of up to 70 meters with OM3 fiber, 100 meters with OM4 fiber, and 
an impressive 150 meters with OM5 fiber. 
Data Center Applications: 
 Ideal for short-range data center applications, especially in environments requiring 
high-density and reliable data transmission. 
QSFP 100G SWDM4 
The QSFP 100G SWDM4 transceiver is another 100G optical module, designed for 
short-range data center applications that require optimizing existing multimode fiber 
infrastructure. SWDM4 stands for "Short-Wavelength Division Multiplexing 4," 
indicating that this module uses four channels for transmission, each on a distinct 
wavelength within the short-wavelength spectrum. 
Basic Transmission Method: 
Fiber Type:  
Similar to the 100G QSFP28 SR BiDi module, it uses duplex LC interfaces. 

Wavelength Division Multiplexing (SWDM):  
Facilitates the simultaneous transmission of optical signals across four distinct 
wavelength bands (850nm, 880nm, 910nm, and 940nm) over a single multimode fiber 
core. 
Technology Implementation: 
 Cleverly utilizes MUX/DMUX technology, allowing for multi-wavelength transmission 
that maximizes the capacity of the optical link and enhances overall network 
performance without requiring additional fiber infrastructure. 
Application Scenarios: 
Transmission Distance: 
 Effectively transmits data up to 70 meters when using OM3 fiber patch cables and 
extends to 100 meters with OM4 fiber patch cables. 
High-Density Data Center Applications: 
 Particularly well-suited for high-density data center applications, where optimizing 
existing multimode fiber systems to support increasing data demands is critical. 
Working Principle of QSFP 100G SRBD and QSFP 100G SWDM4 



QSFP 100G SRBD 
The operational principle of the 100GBASE-SRBD module is based on the 
simultaneous transmission and reception of data over different wavelengths, effectively 
doubling the data capacity of a single fiber. This capability enhances network 
performance significantly, ensuring efficient data flow across various multimode 
networking environments. The design reduces the need for additional fiber 
infrastructure and simplifies network deployments while maintaining robust 
performance standards essential for modern data centers. The working principle of the 
100GBASE-SRBD module is as follows: 

 

QSFP 100G SWDM4 
The 100GBASE-SWDM4 module also utilizes duplex LC interfaces, but it enhances 
data transmission capabilities by implementing MUX/DMUX technology for 
Short-Wavelength Division Multiplexing (SWDM). This allows for simultaneous 
transmission of optical signals across four distinct wavelengths—850 nm, 880 nm, 910 
nm, and 940 nm—over a single multimode fiber core. The SWDM4 module supports 
transmission distances of up to 70 meters with OM3 fiber and 100 meters with OM4 
fiber, making it particularly well-suited for high-density data center applications where 
optimizing existing multimode fiber systems to meet increasing data demands is crit. 
This makes the SWDM4 module particularly well-suited for high-density data center 
applications, where optimizing existing multimode fiber systems while supporting 
increasing data demands is critical. 
The module design allows seamless integration into current network environments, 
providing a cost-effective solution for upgrading infrastructure and ensuring 
compatibility across various multimode systems. The operational principle of the 
100GBASE-SWDM4 module is as follows: 



 

When Should Each Transceiver Be Used? 
The 100G-SWDM4 transceiver uses four wavelengths (850nm, 880nm, 910nm, 
940nm), while the 100G-SRBD transceiver uses two (850nm and 900nm). This 
difference gives the SWDM4 higher spectral efficiency, making it suitable for 
high-density applications. Despite the SRBD transceiver's lower insertion loss and 
better tolerance to modal dispersion, SWDM4’s efficiency makes it ideal for maximizing 
fiber utilization. 
 
In terms of reach, SWDM4 supports 70 meters over OM3 and 100 meters over OM4 
MMF. On the other hand, SRBD offers up to 150 meters of OM5 fiber. SWDM4 is 
optimized for existing OM3 and OM4 deployments, while SRBD can use OM5 for 
extended reach. 
 
Both transceivers use the QSFP28 form factor with LC connectors, but SWDM4 stands 
out in power efficiency and space savings, making it a good choice for modern data 
centers. While SRBD supports both 100G and 40G ports, SWDM4 is specifically 
tailored for 100G applications. 
 
Although they are widely used and compatible with OM3/OM4 duplex MMF, SWDM4 
and SRBD are not interoperable. For future 400G compatibility, SRBD should be 
preferred, as it supports breakout connections with 400G optics. SWDM4 lacks this 
interoperability with 400G optics. 
 
In summary, the choice between SRBD and SWDM4 depends on your needs: SRBD 
for future 400G compatibility and extended reach with OM5, and SWDM4 for 
high-density and efficient use of existing OM3/OM4 infrastructure. 



Product 
Specification 

QSFP 100G SRBD QSFP 100G SWDM4 

Wavelength  Four wavelengths (850nm, 
880nm, 910nm, 940nm) 

Maximum 
Transmission 
Distance 

100m (OM4 Fiber) 150m (OM4 Fiber) 

Fiber Type Multimode Fiber 
(OM3/OM4) 

Multimode Fiber 
(OM3/OM4) 

Connector Type LC Duplex Connector LC Duplex Connector 

Signal Modulation Short Reach Bidirectional Short Wavelength Division 
Multiplexing 

Optical Module 
Power Budget 

Lower Power Budget 
(suitable for short 
distances) 

Higher Power Budget 
(suitable for longer 
distances) 

Optical Module 
Power Budget 

Lower power budget 
(suitable for short 
distances) 

Higher power budget 
(suitable for longer 
distances) 

Conclusion 
As you evaluate the best solutions for your data center, FS offers a comprehensive 
range of high-quality 100G optical transceivers, including the QSFP 100G SRBD 
and QSFP 100G SWDM4 modules. Each transceiver is engineered to meet the 
demands of modern networks, ensuring seamless integration, exceptional 
performance, and energy efficiency. Whether you're looking to optimize your existing 
multimode fiber infrastructure or planning for future scalability, FS provides the 
expertise and products to support your network's growth. Explore our product offerings 
and find the ideal transceiver for your needs at FS.com. 
 
 
 

https://www.fs.com/c/100g-qsfp28-sfp-dd-1159?c_site=community&c_ctype=knowledge&c_from=wordlink&c_cat=BMCS220033-100G_Modules-Wiki&c_rel=32674
https://www.fs.com/products/135559.html?c_site=community&c_ctype=knowledge&c_from=wordlink&c_cat=BMCS220033-100G_Modules-Wiki&c_rel=32674


10/100/1000 RJ45 Type Media/Reach 

7050T, 7050TX, 7010T Cat5e, Cat6, Cat6A, Cat7 100m 

1GbE SFP Type Media/Reach 

All SFP/SFP+ Ports 

1000BASE-SX 50µ MMF / 550m 

1000BASE-LX 9µ SMF / 10km 

1000BASE-T Cat5e / 100m 

SFP, or Small Form Factor Pluggable Transceiver, is a compact, hot-swappable network 

module. From data centers to home networks, from large enterprises to small offices, SFPs have become a key 

component in ensuring data mobility and network interconnection. Its role in modern communication and data 

centers cannot be ignored, it simplifies the complexity of the network, provides greater flexibility, and promotes the 

development of network technology. 

SPF transciever 

 

10GBASE-T RJ45 Type Media/Reach 

All 10GBASE-T Ports 

Cat5e/6 U/UTP 55m 

Cat6/6A F/UTP 100m 

Cat7 S/FTP 100m 

https://www.gezhiphotonics.com/sfp-optical-transceiver-module.html


10G Optical SFP+ Type Media/Reach 

All SFP/SFP+ Ports 

10GBASE-SRL 50µ MMF / 100m 

10GBASE-SR 50µ MMF / 300m 

10GBASE-LRL 9µ SMF / 1km 

10GBASE-LR 9µ SMF / 10km 

10GBASE-ERLBD 9µ SMF, Single FIber / 30km 

10GBASE-ER 9µ SMF / 40km 

10GBASE-ERBD 9µ SMF, Single FIber / 40km 

10GBASE-ZR 9µ SMF / 80km 

10GBASE-DWDM 
(Tunable) 9µ SMF / 80km 

10GBASE-AOC Pre-terminated in 3, 5, 7, 10, 
15, 20, 25, 30m lengths 

SFP+ (Enhanced Small Form-factor Pluggable): 
●​ As the demand for data transmission grows, SFP technology has undergone further innovation and 

upgrades. SFP+ came into being, providing a rate of 10Gbps, which is an enhanced version of the 

original SFP. 

https://www.gezhiphotonics.com/sfp-10g-optical-transceiver-module.html


SFP+ 

 

10G Copper SFP+ Type Media/Reach 

All SFP+ Ports 10GBASE-CR Twinax / 
'Direct Attach' 

Pre-terminated in 0.5m, 1m, 
1.5m, 2m, 2.5m 3m, 5m 

lengths 

All SFP25 ports, and select SFP+ ports. 
Refer to Transceiver and Cable Guide for 

supported platforms. 
10GBASE-T 

30m over Cat6a​
100m over Cat5e @ 

1G/100M 

Select SFP25 and SFP+ ports.​
Refer to Transceiver and Cable Guide for 

supported platforms. 
10GBASE-MRA-T 

30m over Cat6a @10G​
100m over Cat5e @ 

1G/100M 

25G Optics SFP 10GBASE-MRA-T 
30m over Cat6a @10G​
100m over Cat5e @ 
1G/100M 

All 25G SFP Ports 

25GBASE-SR 
& 25GBASE-MR-SR 

50µ MMF / 70m​
(OM3), 100m (OM4) 

25GBASE-MR-XSR 50µ MMF /​
200m (OM3), 300m (OM4) 

25GBASE-LR 
& 25GBASE-MR-LR 9µ SMF / 10km 



25GBASE-AOC Pre-terminated in 3, 5, 7, 10, 
15, 20, 25, 30m lengths 

25G Copper SFP Type Media/Reach 

All 25G SFP Ports 25GBASE-CR Twinax / 
'Direct Attach' 

Pre-terminated in 1m, 2m, 
3m, 5m lengths 

50G Copper SFP Type Media/Reach 

All 50GSFP, SFP-DD, and DSFP ports 50GBASE-CR Twinax / 
'Direct Attach' 

Pre-terminated in 1m, 2m 
and 3m lengths 

100G Copper SFP-DD Type Media/Reach 

All SFP-DD ports 

100GBASE-CR2 Twinax / 
'Direct Attach' 

Pre-terminated in 1m, 2m 
and 3m lengths 

100GBASE-CR2 to 2x 
50GBASE-CR Twinax 

Pre-terminated in 1m, 2m 
and 3m lengths 

100G Copper DSFP Type Media/Reach 

All DSFP ports 

100GBASE-CR2 Twinax / 
'Direct Attach' 

Pre-terminated in 1m, 2m 
and 3m lengths 

100GBASE-CR2 to 2x 
50GBASE-CR 

Pre-terminated in 1m, 2m 
and 3m lengths 

40G Optical QSFP Type Media/Reach 

All QSFP+ Ports 

40GBASE-SR4 50µ MMF / 100m (OM3), 
150m (OM4) 

40GBASE-XSR4 50µ MMF / 300m (OM3), 
400m (OM4) 

40GBASE-BIDI 50µ MMF / 100m 



40GBASE-UNIV 50µ MMF / 150m, 9µ SMF / 
500m 

40GBASE-LR4 9µ SMF / 10km 

40GBASE-LRL4 9µ SMF / 1km 

40GBASE-PLR4 9µ SMF / 10km 

40GBASE-PLRL4 9µ SMF/1km 

40GBASE-ER4 9µ SMF/40km 

40GBASE-AOC 
Pre-Terminated 3, 5, 7, 10, 
15, 20, 25, 30,50, 75, 100m 

lengths 

40G Copper QSFP Type Media/Reach 

All QSFP+ Ports 

40GBASE-CR4 Twinax / 
'Direct Attach' 40G to 40G 

Pre-terminated in 0.5m, 1m, 
2m, 3m, 5m lengths 

40GBASE-CR4 to 4 x 
10G-CX1 40G to 10G 

Pre-terminated in 0.5m, 1m, 
2m, 3m, 5m lengths 

100G Optical QSFP Type Media/Reach 

All QSFP100 Ports 

100GBASE-AOC Pre-Terminated 1, 3, 5, 7, 10, 
15, 20, 25, 30m lengths 

100GBASE-SR4 50µ MMF / 70m (OM3), 
100m (OM4) 

100GBASE-XSR4 50µ MMF / 150m (OM3), 
300m (OM4) 

100GBASE-SWDM4 50µ MMF / 70m (OM3), 
100m (OM4) 



100GBASE-BIDI 50µ MMF / 70m (OM3), 
100m (OM4) 

100GBASE-PSM4 9µ SMF / 500m 

100GBASE-PLRL4 9µ SMF / 2km 

100GBASE-CWDM4 9µ SMF / 2km 

100GBASE-XCWDM4 9µ SMF / 10km 

100GBASE-DR 9µ SMF / 500m 

100GBASE-FR 9µ SMF / 2km 

100GBASE-LR 9µ SMF / 10km 

100GBASE-LR4 9µ SMF / 10km 

100GBASE-LRL4 9µ SMF / 2km 

100GBASE-ERL4 9µ SMF / 40km 

Select QSFP100 Ports.​
Refer to Transceiver and Cable Guide for 

supported platforms 
100GBASE-ZR4 9µ SMF / 80km 

100G Copper QSFP Type Media/Reach 

All QSFP100 Ports   

100GBASE-CR4 
Twinax/Direct Attach 

100G to 100G 

Pre-terminated in 1m, 2m, 
3m, 5m lengths 

100GBASE-CR4 to 4 x 
25GBASE-CR​
100G to 25G 

Pre-terminated in 1m, 2m, 
3m, 5m lengths 



100GBASE-CR4 to 2 x 
50GBASE-CR2​
100G to 50G-2 

 Pre-terminated in 1m, 2m, 
3m, 5m lengths 

200G Optical QSFP   Type Media/Reach  

All QSFP200 and QSFP-DD Ports   
200GBASE-SR4 50µ MMF / 70m (OM3), 

100m (OM4) 

200GBASE-FR4 9µ SMF / 2km 

 200G Copper QSFP  Type  Media/Reach   

All QSFP200 and QSFP-DD Ports 

200GBASE-CR4 
Twinax/Direct Attach 

200G to 200G 

Pre-terminated in 1m, 2m, 
3m lengths 

200GBASE-CR4 to 2 x 
100GBASE-CR2​
200G to 100G 

Pre-terminated in 1m, 2m, 
3m lengths  

200GBASE-CR4 to 4 x 
50GBASE-CR 

Pre-terminated in 1m, 2m, 
3m lengths  

400G Optical OSFP Type Media/Reach 

All OSFP Ports 

400GBASE-AOC Pre-Terminated 1, 3, 5, 7, 10, 
15, 20, 25, 30m lengths 

400GBASE-SR8 50µ MMF / 100m (OM3), 
100m (OM4) 

400GBASE-DR4 9µ SMF / 500m 

400GBASE-XDR4 9µ SMF / 2km 

400GBASE-PLR4 9µ SMF / 10km 

400GBASE-FR4 9µ SMF / 2km 



400GBASE-LR4 9µ SMF / 10km 

400GBASE-2FR4 9µ SMF / 2km 

Select OSFP Ports.​
Refer to Transceiver and Cable Guide for 

supported platforms 
400GBASE-ZR 9µ SMF / 120km 

400G Copper OSFP Type Media/Reach 

​
  

400GBASE-CR8 Twinax / 
Direct Attach 400G to 

400G 

Pre-terminated in 1m, 2m, 
3m, lengths 

400GBASE-CR8 to 2 x 
200GBASE-CR4 400G to 

200G 

Pre-terminated in 1m, 2m, 
3m, lengths 

400GBASE-CR8 to 4 x 
100GBASE-CR2 400G to 

100G 

Pre-terminated in 1m, 2m, 
3m, lengths 

400GBASE-CR8 to 8 x 
50GBASE-CR 400G to 50G 

Pre-terminated in 1m, 2m, 
3m, lengths 

400G Optical QSFP-DD Type Media/Reach 

All QSFP-DD Ports 

400GBASE-AOC Pre-Terminated 1, 3, 5, 7, 10, 
15, 20, 25, 30m lengths 

400GBASE-SR8 50µ MMF / 100m (OM3), 
100m (OM4) 

400GBASE-DR4 9u SMF / 500m 

400GBASE-XDR4 9u SMF / 2km 

400GBASE-PLR4  9µ SMF / 10km 



400GBASE-FR4 9u SMF / 2km 

400GBASE-LR4 9µ SMF / 10km 

Select QSFP-DD Ports.​
Refer to Transceiver and Cable Guide for 

supported platforms 
400GBASE-ZR 9µ SMF / 120km 

400G Copper QSFP-DD Type Media/Reach 

  

400GBASE-CR8 Twinax / 
Direct Attach 400G to 

400G 

Pre-terminated in 1m, 2m, 
2.5m lengths 

400GBASE-CR8 to 2 x 
200GBASE-CR4 400G to 

200G 

Pre-terminated in 1m, 2m, 
2.5m lengths 

400GBASE-CR8 to 4 x 
100GBASE-CR2 400G to 

100G 

Pre-terminated in 1m, 2m, 
2.5m lengths 

400GBASE-CR8 to 8 x 
50GBASE-CR 400G to 50G 

Pre-terminated in 1m, 2m, 
2.5m lengths 

800G Optical OSFP Type Media/Reach 

All 800G OSFP ports 

800GBASE-AOC / ​
2x 400GBASE-AOC 

Pre-Terminated 1, 3, 5, 7, 10, 
15, 20, 25, 30m lengths 

2x 400GBASE-XDR4 9µ SMF / 2km 

2x 400GBASE-PLR4 9µ SMF / 10km 

2x 400GBASE-FR4 9µ SMF / 2km 

2x 400GBASE-LR4 9µ SMF / 10km 

800G Copper OSFP Type Media/Reach 



All 800G OSFP ports 
800GBASE-CR8 /​

2x 400GBASE-CR8 Twinax 
/ Direct Attach 

Pre-terminated in 1m and 
2m lengths 

800G Optical QSFP-DD Type Media/Reach 

All 800G QSFP-DD ports 

800GBASE-AOC /​
2x 400GBASE-AOC 

Pre-Terminated 1, 3, 5, 7, 10, 
15, 20, 25, 30m lengths 

2x 400GBASE-XDR4 9µ SMF / 2km 

2x 400GBASE-PLR4 9µ SMF / 10km 

2x 400GBASE-FR4 9µ SMF / 2km 

2x 400GBASE-LR4 9µ SMF / 10km 

800G Copper QSFP-DD Type Media/Reach 

All 800G QSFP-DD ports 
800GBASE-CR8 /​

2x 400GBASE-CR8 Twinax 
/ Direct Attach 

Pre-terminated in 1 and 2m 
lengths 



 
 



 
Example Opto- Mechanical Design:  
Experienced opto-mechanical engineers specialize in integrating optical 
elements such as lenses, filters, beamsplitters, reflectors, and diffractive 
elements within mechanical structures. 
 
 
 
 
 
 
 
 
 
 
 
 



 

Understanding the BASE-XX or BASE-XXX Format 
The format generally follows this pattern: 
[Speed]BASE-[XX or XXX] 

1.​ [Speed]: 
o​ Indicates the data transfer rate (e.g., 10 Mbps, 100 Mbps, 1 Gbps, 10 

Gbps, 100 Gbps). 
o​Example: 10G in 10GBASE-SR means 10 Gbps. 

2.​ BASE: 
o​Refers to baseband signaling, meaning the entire bandwidth of the 

medium is used for the Ethernet signal (as opposed to broadband 
signaling, which divides the bandwidth into channels). 

3.​ [XX or XXX]: 
o​Describes the physical medium (e.g., fiber or copper), wavelength, and 

sometimes the number of lanes used. 
o​ Indicates the range, medium type, and optical properties. 

 

Detailed Descriptions of Common Suffixes 

Suffixes for 1 Gbps (1000BASE-XX) 
Label Meaning 
1000BASE-S
X 

Short Wavelength: Uses 850 nm optics for multimode fiber (MMF). 
Range: 220–550 m. 

1000BASE-L
X 

Long Wavelength: Uses 1310 nm optics for single-mode fiber (SMF), 
range up to 10 km. 

1000BASE-Z
X 

Extended Range: Uses 1550 nm optics on SMF for distances up to 
70–100 km. 

1000BASE-T Twisted Pair: Runs on Cat5e or better copper cables, with a range of 
100 m. 

 

Suffixes for 10 Gbps (10GBASE-XX) 
Label Meaning 
10GBASE-SR Short Range: Uses 850 nm optics for MMF, range up to 300 m. 
10GBASE-LR Long Range: Uses 1310 nm optics for SMF, range up to 10 km. 



Label Meaning 
10GBASE-ER Extended Range: Uses 1550 nm optics for SMF, range up to 40 km. 
10GBASE-ZR Ultra Long Range: Uses 1550 nm optics for SMF, range up to 80 km. 

10GBASE-T Twisted Pair: Runs on Cat6a or better copper cables, range up to 
100 m. 

 

Suffixes for 25 Gbps (25GBASE-XX) 
Label Meaning 
25GBASE-SR Short Range: Uses 850 nm optics for MMF, range up to 100 m. 
25GBASE-LR Long Range: Uses 1310 nm optics for SMF, range up to 10 km. 
25GBASE-ER Extended Range: Uses 1550 nm optics for SMF, range up to 40 km. 

 

Suffixes for 40 Gbps (40GBASE-XX) 
Label Meaning 
40GBASE-S
R4 

Short Range, 4 Lanes: Uses 850 nm optics on MMF, each lane 
transmitting at 10 Gbps for a total of 40 Gbps. Range: 100–150 m. 

40GBASE-L
R4 

Long Range, 4 Lanes: Uses 1310 nm optics on SMF, with each lane 
transmitting at 10 Gbps for up to 10 km. 

40GBASE-E
R4 

Extended Range, 4 Lanes: Uses 1550 nm optics on SMF, supporting 
distances up to 40 km. 

 

Suffixes for 100 Gbps (100GBASE-XX) 
Label Meaning 
100GBASE-SR
10 

Short Range, 10 Lanes: Uses 850 nm optics on MMF, with 10 lanes 
at 10 Gbps each. Range: 100 m. 

100GBASE-SR
4 

Short Range, 4 Lanes: Uses 850 nm optics on MMF, with 4 lanes at 
25 Gbps each. Range: 100 m. 

100GBASE-LR
4 

Long Range, 4 Lanes: Uses 1310 nm optics on SMF, with 4 lanes at 
25 Gbps each. Range: 10 km. 

100GBASE-ER
4 

Extended Range, 4 Lanes: Uses 1550 nm optics on SMF. Range: 40 
km. 

100GBASE-CR
4 

Copper 4 Lanes: Uses twinax cables, each lane transmitting at 25 
Gbps. Range: 7 m. 

 



Suffixes for 200 Gbps and 400 Gbps 
Label Meaning 
200GBASE-SR
4 

Short Range, 4 Lanes: Uses 850 nm optics on MMF, with 4 lanes at 
50 Gbps each. Range: 100 m. 

400GBASE-SR
8 

Short Range, 8 Lanes: Uses 850 nm optics on MMF, with 8 lanes at 
50 Gbps each. Range: 100 m. 

400GBASE-LR
4 

Long Range, 4 Lanes: Uses 1310 nm optics on SMF, with 4 lanes at 
100 Gbps each. Range: 10 km. 

 

Suffixes for 800 Gbps 
Label Meaning 
800GBASE-SR
8 

Short Range, 8 Lanes: Uses 850 nm optics on MMF, with 8 lanes at 
100 Gbps each. Range: 100 m. 

800GBASE-LR
8 

Long Range, 8 Lanes: Uses 1310 nm optics on SMF, with 8 lanes at 
100 Gbps each. Range: 10 km. 

 

 

 

 

 

Explanation of the Numbers in Ethernet Labels 
The numbers at the end of some labels (e.g., SR4, LR4, SR10) indicate: 

1.​ Number of Parallel Lanes: 
o​Specifies how many optical or electrical channels (lanes) are used for 

transmission and reception. 
o​Example: SR4 has 4 lanes, each carrying part of the total data rate. 

2.​ Speed per Lane: 
o​Each lane typically transmits data at a specific speed (e.g., 10 Gbps, 25 

Gbps, or 100 Gbps). 



o​Example: 100GBASE-SR4 uses 4 lanes at 25 Gbps each to achieve 100 
Gbps. 

 
Summary 

●​ The BASE-XX naming convention provides information about speed, signaling 
(baseband), and physical medium. 

●​ Suffixes like SX, LX, and ZR describe the wavelength and distance capabilities. 
●​ Numbers like SR4 and SR10 specify the number of lanes used for transmission. 

These designations help standardize Ethernet technologies, making identifying and 
deploying the right transceiver for specific applications in data centers and networks 
easier. 
 
 
 
 
 
 
 
 
 

BASE-XX Suffix Descriptions 
Suffix Description Medium Speed Range 

SX Short-Wavelength: Operates over multimode fiber (MMF) 
using 850 nm wavelength optics. MMF 1 Gbps, 10 

Gbps 

LX Long-Wavelength: Operates over single-mode fiber (SMF) 
using 1310 nm optics. 

SMF, MMF (with mode 
conditioning) 

1 Gbps, 10 
Gbps 

ZX Extended Reach: Operates over SMF with 1550 nm 
wavelength for distances up to 70–100 km. SMF 1 Gbps 

SR Short Reach: Optimized for MMF, typically using 850 nm 
optics. MMF 10 Gbps–800 

Gbps 

LR Long Reach: Operates over SMF, typically with 1310 nm 
optics for distances up to 10 km. SMF 10 Gbps–800 

Gbps 

ER Extended Reach: Operates over SMF, using 1550 nm 
wavelength for distances up to 40 km. SMF 10 Gbps–100 

Gbps 

ZR Ultra-Long Reach: Designed for distances up to 80 km or 
more over SMF using coherent optics. SMF 10 Gbps–800 

Gbps 

CR Copper: Designed for short distances (e.g., 3–7 m) over 
twinax copper cables. Copper (twinax) 10 Gbps–400 

Gbps 

T Twisted Pair: Operates over unshielded or shielded 
twisted-pair copper cables (e.g., Cat5e, Cat6). Copper (twisted pair) 1 Gbps–10 

Gbps 



Suffix Description Medium Speed Range 

DR Direct Reach: Optimized for SMF, typically for distances up 
to 500 m with single-lane signaling. SMF 100 Gbps–400 

Gbps 

FR FR (Forward Reach): Uses 1310 nm optics over SMF for 
distances up to 2 km. SMF 100 Gbps–200 

Gbps 

SR4 Short Reach, 4 Lanes: Operates on MMF, using 850 nm 
optics with 4 parallel lanes. MMF 40 Gbps, 100 

Gbps 

LR4 Long Reach, 4 Lanes: Operates on SMF, multiplexing 4 
wavelengths around 1310 nm. SMF 40 Gbps, 100 

Gbps 

SR10 Short Reach, 10 Lanes: Uses 850 nm optics with 10 parallel 
lanes for higher speed. MMF 100 Gbps 

 
 
 
 
 
 
 
 
 
 
 

SFP types 
SFP transceivers are available with a variety of transmitter and receiver specifications, 
allowing users to select the appropriate transceiver for each link to provide the 
required optical or electrical reach over the available media type (e.g. twisted 
pair or twinaxial copper cables, multi-mode or single-mode fiber cables). Transceivers 
are also designated by their transmission speed. SFP modules are commonly available 
in several different categories. 

Comparison of SFP types 

Name Nominal​
speed Lanes 

SFP 100 Mbit/s 1 
SFP 1 Gbit/s 1 
cSFP 1 Gbit/s 2 
SFP+ 10 Gbit/s 1 

https://en.wikipedia.org/wiki/Twisted_pair
https://en.wikipedia.org/wiki/Twisted_pair
https://en.wikipedia.org/wiki/Twinaxial_cabling
https://en.wikipedia.org/wiki/Multi-mode
https://en.wikipedia.org/wiki/Single-mode


SFP28 25 Gbit/s 1 
SFP56 50 Gbit/s 1 
SFP-DD 100 Gbit/s 2 
SFP112 100 Gbit/s 1 
SFP-DD112 200 Gbit/s 2 
QSFP 4 Gbit/s 4 
QSFP+ 40 Gbit/s 4 
QSFP28 50 Gbit/s 2 
QSFP28 100 Gbit/s 4 
QSFP56 200 Gbit/s 4 
QSFP112 400 Gbit/s 4 
QSFP-DD 400 Gbit/s 8 

 
 
 
Note that the QSFP/QSFP+/QSFP28/QSFP56 are designed to be electrically 
backward compatible with SFP/SFP+/SFP28 or SFP56 respectively. Using a simple 
adapter or a special direct attached cable it is possible to connect those interfaces 
together using just one lane instead of four provided by the 
QSFP/QSFP+/QSFP28/QSFP56 form factor. The same applies to the QSFP-DD form 
factor with 8 lanes which can work downgraded to 4/2/1 lanes. 
 
 
Electrical Connector 21 The SFP-DD/SFP-DD112 module edge connector consists of a 
single paddle card with 20 pads on the top and 22 20 pads on the bottom of the paddle card for a total of 40 
pads. The pads positions are defined to allow 23 insertion of either an SFP-DD/SFP-DD112 module or an 
SFP+ into the SFP-DD/SFP-DD112 receptacle. The 24 classic signal locations are deeper on the paddlecard, 
so that classic SFP+ module pads only connect to the 25 longer row of connector pins, leaving the short row of 
connector pins open circuited in an SFP+ application. 
 
 
 
 
 
 
 
 



 
 

Here’s a comprehensive list of common Ethernet optical 
transceiver designations used in data centers,  
ranging from 1 Gbps to 800 Gbps, along with a description of each. These 
designations generally align with IEEE standards or industry conventions. 

 

1. Transceivers at 1 Gbps 
Label Description 
1000BASE-

SX 
Operates at 1 Gbps using 850 nm wavelength optics on multimode fiber (MMF). Max 
distance: 220–550 m. 

1000BASE-
LX 

Uses 1310 nm optics on single-mode fiber (SMF) for distances up to 10 km. Works on 
MMF with mode conditioning. 

1000BASE-
ZX 

Operates at 1550 nm wavelength on SMF for long distances up to 70–100 km. 

1000BASE-
T 

Uses Cat5e or better copper cables to deliver 1 Gbps over distances up to 100 m. 

 

2. Transceivers at 10 Gbps 
Label Description 
10GBASE-SR Operates over MMF with 850 nm wavelength for short distances (up to 300 m). 
10GBASE-LR Uses SMF with 1310 nm optics for distances up to 10 km. 
10GBASE-ER Supports long distances of 40 km using 1550 nm wavelength on SMF. 
10GBASE-ZR Extends range to 80 km using 1550 nm optics with specialized equipment. 
10GBASE-T Runs on Cat6a or Cat7 copper cables for distances up to 100 m. 

 

 
 

3. Transceivers at 25 Gbps 
Label Description 
25GBASE-SR Uses 850 nm wavelength on MMF, supporting distances up to 100 m. 
25GBASE-LR Operates at 1310 nm on SMF for distances up to 10 km. 
25GBASE-ER Designed for long distances of 40 km over SMF using 1550 nm optics. 

 

4. Transceivers at 40 Gbps 
Label Description 
40GBASE-SR4 Uses 4 parallel fibers and 850 nm optics for short distances over MMF, typically 100–150 

m. 
40GBASE-LR4 Multiplexes 4 wavelengths around 1310 nm on SMF, supporting up to 10 km. 
40GBASE-ER4 Supports distances up to 40 km on SMF, using 4 wavelengths around 1310 nm. 



 

5. Transceivers at 100 Gbps 
Label Description 
100GBASE-SR10 Uses 10 parallel fibers with 850 nm optics over MMF for distances up to 100 m. 

100GBASE-SR4 Operates over 4 MMF lanes with 850 nm wavelength, up to 100 m. 
100GBASE-LR4 Multiplexes 4 wavelengths around 1310 nm on SMF, supporting up to 10 km. 
100GBASE-ER4 Extends reach to 40 km over SMF using 4 lanes of 1310 nm wavelengths. 
100GBASE-CR4 A copper solution for 100 Gbps, running over twinaxial cables for short distances up 

to 7 m. 
 

 

6. Transceivers at 200 Gbps 
Label Description 
200GBASE-SR4 Uses 4 parallel MMF lanes with 850 nm wavelength for distances up to 100 m. 
200GBASE-DR4 Operates on 4 parallel SMF lanes at 1310 nm, supporting distances up to 500 m. 
200GBASE-FR4 Combines 4 wavelengths at 1310 nm on SMF, supporting distances up to 2 km. 
200GBASE-LR4 Similar to FR4 but extends distances to 10 km on SMF. 

 

7. Transceivers at 400 Gbps 
Label Description 
400GBASE-SR8 Uses 8 parallel MMF lanes with 850 nm wavelength for distances up to 100 m. 
400GBASE-DR4 Uses 4 parallel SMF lanes at 1310 nm, supporting distances up to 500 m. 
400GBASE-FR4 Combines 4 wavelengths at 1310 nm for distances up to 2 km on SMF. 
400GBASE-LR4 Extends reach to 10 km using 4 wavelengths at 1310 nm. 

400GBASE-ZR Designed for long-haul distances up to 80 km, using coherent optics on SMF. 
 

8. Transceivers at 800 Gbps 
Label Description 
800GBASE-SR
8 

Operates with 8 parallel MMF lanes using 850 nm optics for distances up to 
100 m. 

800GBASE-DR
8 

Uses 8 parallel SMF lanes at 1310 nm for distances up to 500 m. 

800GBASE-LR8 Combines 8 wavelengths around 1310 nm, supporting distances up to 10 km. 
800GBASE-ZR Designed for long-haul communication up to 80 km using coherent optics and 

SMF. 
 



 

 

 

Summary of Common Designations by Speed 
Speed MMF (Short Reach) SMF (Long Reach) Special 
1 Gbps 1000BASE-SX 1000BASE-LX, ZX 1000BASE-T (copper) 
10 Gbps 10GBASE-SR 10GBASE-LR, ER, ZR 10GBASE-T (copper) 
25 Gbps 25GBASE-SR 25GBASE-LR, ER N/A 
40 Gbps 40GBASE-SR4 40GBASE-LR4, ER4 N/A 
100 Gbps 100GBASE-SR10, SR4 100GBASE-LR4, ER4 100GBASE-CR4 (copper) 
200 Gbps 200GBASE-SR4 200GBASE-FR4, LR4 N/A 
400 Gbps 400GBASE-SR8 400GBASE-FR4, LR4, ZR 400GBASE-DR4 
800 Gbps 800GBASE-SR8 800GBASE-LR8, ZR 800GBASE-DR8 

 
Conclusion 
These Ethernet designations standardize the capabilities and distances of optical 
transceivers across various speeds and applications, enabling scalable and efficient 
network designs. Data centers rely heavily on these standards to ensure compatibility, 
performance, and cost-effectiveness for both short-range and long-haul 
communication. 
 



 
Modern optical transceivers are marvels of engineering, 

integrating cutting-edge technologies into incredibly compact modules. Here are some remarkable and 
lesser-known aspects of optical transceivers that highlight the sophistication and innovation within: 

 

1. Coherent Optics for High-Speed Communication 
What It Is: Coherent optical transceivers use advanced techniques like phase modulation, polarization 
multiplexing, and digital signal processing (DSP) to achieve high-speed data transmission over long distances. 

Why It’s Remarkable: 

Enables 400 Gbps and beyond using complex modulation formats (e.g., QPSK, 16-QAM). 

Requires sophisticated DSP chips to decode the signal, which can compensate for fiber impairments like 
chromatic dispersion and polarization mode dispersion. 

Hidden Innovation: 

Coherent optics make it possible to use existing fiber infrastructure for much higher data rates, avoiding costly 
upgrades. 

 

2. Photonic Integration 
What It Is: Many modern transceivers integrate multiple optical components (e.g., lasers, modulators, 
detectors) on a single chip using Silicon Photonics or Indium Phosphide. 

Why It’s Remarkable: 

Reduces size, power consumption, and manufacturing costs. 

Enables multi-channel transmission (e.g., QSFP-DD, OSFP) in incredibly compact form factors. 

Hidden Innovation: 

Integration of photonics with CMOS electronics allows seamless interaction between optical and electrical 
domains. 

 

3. PAM4 Modulation 
What It Is: Pulse Amplitude Modulation with 4 Levels (PAM4) encodes two bits of data per symbol, doubling the 
data rate compared to traditional NRZ (Non-Return-to-Zero) encoding. 

Why It’s Remarkable: 

Achieves 50 Gbps per channel, enabling 400 Gbps (8 channels) or 800 Gbps (16 channels). 

Requires precise signal processing to handle the reduced signal-to-noise ratio (SNR). 

Hidden Innovation: 

Advanced DSP and error correction technologies make PAM4 feasible, despite its inherent challenges with 
noise and crosstalk. 

 

4. Thermal Management 



What It Is: Modern transceivers must dissipate significant heat due to high data rates and integrated DSPs 
(e.g., QSFP-DD at ~10 W, OSFP at ~15 W). 

Why It’s Remarkable: 

Innovative heat sinks, thermal interface materials, and module designs ensure reliable operation. 

OSFP modules are designed with fins for airflow or liquid cooling compatibility. 

Hidden Innovation: 

Transceivers use micro-thermoelectric coolers to stabilize laser temperatures, ensuring consistent performance 
over varying environmental conditions. 

 

5. Wavelength Tunability 
What It Is: Tunable transceivers can dynamically adjust their wavelength across the C-band (1530–1565 nm) 
or L-band (1565–1625 nm). 

Why It’s Remarkable: 

Eliminates the need for fixed-wavelength lasers, reducing inventory costs in DWDM networks. 

Supports flexibility in wavelength allocation for dynamic optical networking. 

Hidden Innovation: 

MEMS tunable filters or semiconductor tuning technologies make real-time wavelength adjustment possible. 

 

6. Digital Diagnostics Monitoring (DDM) 
What It Is: Many transceivers support real-time monitoring of key parameters like temperature, optical power, 
voltage, and bias current. 

Why It’s Remarkable: 

Enables proactive fault detection and network optimization. 

Uses standardized interfaces like SFF-8472 for seamless integration into network management systems. 

Hidden Innovation: 

Optical components include built-in sensors and feedback loops for precise diagnostics. 

 

7. Dense Integration in QSFP-DD and OSFP 
What It Is: QSFP-DD (Double Density) and OSFP transceivers integrate up to 16 electrical lanes, each 
supporting 50 Gbps, in a compact, pluggable form factor. 

Why It’s Remarkable: 

Achieves up to 800 Gbps in a form factor designed for hot-swappable modules. 

Maintains strict power and thermal constraints, even at these speeds. 

Hidden Innovation: 

Uses PAM4 modulation and advanced optics for extremely high data rates while maintaining power efficiency. 

 

8. Error Correction Inside the Transceiver 



What It Is: Advanced transceivers incorporate Forward Error Correction (FEC) to compensate for signal 
degradation. 

Why It’s Remarkable: 

FEC can recover data even in low SNR conditions, extending the usable reach and improving reliability. 

Hidden Innovation: 

On-board DSPs handle FEC computation in real-time without additional load on network equipment. 

 

9. Redundancy Through Unused Fibers 
What It Is: Transceivers like those using MTP connectors may leave fibers unused, providing built-in 
redundancy. 

Why It’s Remarkable: 

These fibers can be activated during maintenance or link failure, ensuring continuous operation. 

Hidden Innovation: 

Advanced switching and rerouting algorithms in network controllers can make seamless use of these backup 
fibers. 

 

10. Encryption and Security 
What It Is: Some high-end transceivers support on-board encryption to secure data at the physical layer. 

Why It’s Remarkable: 

Protects sensitive data as it travels across fiber networks. 

Reduces latency compared to higher-layer encryption schemes. 

Hidden Innovation: 

Cryptographic algorithms are integrated into the transceiver’s DSP. 

 

11. Compact Power Efficiency 
What It Is: Despite their small size, transceivers are designed to minimize power consumption while operating 
at terabit speeds. 

Why It’s Remarkable: 

Modules like QSFP-DD consume only 10–15 W, a fraction of the power required for legacy systems at similar 
speeds. 

Hidden Innovation: 

Silicon photonics and advanced laser technologies allow greater energy efficiency without sacrificing 
performance. 

 

12. Multi-Rate Compatibility 
What It Is: Many transceivers support multiple data rates, such as 100G/200G/400G. 

Why It’s Remarkable: 

Simplifies inventory management and network scalability. 



Hidden Innovation: 

Adaptive DSPs and programmable optical components make multi-rate operation seamless. 

 

13. Self-Testing and Diagnostics 
What It Is: Built-in self-test (BIST) capabilities allow transceivers to perform diagnostics independently. 

Why It’s Remarkable: 

Minimizes downtime by quickly identifying faulty components. 

Hidden Innovation: 

Integrated microcontrollers run self-diagnostics and report via the I2C interface to network operators. 

 

Conclusion 

Today’s optical transceivers pack extraordinary capabilities into compact, efficient modules. From coherent 
optics and photonic integration to tunability and real-time diagnostics, these devices are at the forefront of 
modern networking technology. Their ability to adapt, optimize, and scale with network demands makes them 
indispensable for high-speed data communication. 

 
Over time, advances in optoelectronic components allowed the  design of systems that 
simultaneously transmitted multiple wavelengths of light  over a single fiber, significantly 
increasing fiber capacity. Thus, WDM was  born. Multiple high-bit-rate data streams of 10 
Gb/s, 40 Gb/s, 100 Gb/s, 200  Gb/s and more recently, 400 Gb/s and 800 Gb/s, each 
carrying distinct throughputs,  can be multiplexed over a single fiber. 

There are two types of WDM today: 



●​ Coarse       WDM (CWDM):  CWDM is defined by WDM systems with fewer than 
eight       active wavelengths per fiber. CWDM is used for short-range 
communications,       so it employs wide-range frequencies with wavelengths that 
are spread far       apart. Standardized channel spacing permits room for wavelength 
drift as       lasers heat up and cool down during operation. CWDM is a compact 
and       cost-effective option when spectral efficiency is not an important       
requirement. 

●​ Dense       WDM (DWDM): DWDM is defined in terms of frequencies. DWDM’s 
tighter       wavelength spacing fits more channels onto a single fiber, but costs 
more       to implement and operate. DWDM is for systems with more than eight 
active       wavelengths per fiber. DWDM dices spectrum finely, fitting 40-plus       
channels into the C-band frequency range. 

 

BROCHURE 

WaveLogic Photonics: Increasing Competitive Advantage with a Fully Instrumented, 
Agile Photonic System 

 

With DWDM, vendors have found various techniques for  cramming 40, 88, or 96 
wavelengths of fixed spacing into the C-band spectrum of  a fiber. Traditional DWDM line 
systems use Wavelength Selective Switches (WSS)  designed with fixed 50GHz or 
100GHz filters. These fixed-grid line systems can accommodate  channels from early 
generations of coherent transponders whose wavelengths require  less than 50GHz or 
100GHz of spectrum (depending on the filter used). Today, networks  with high- bandwidth 
applications and sustained bandwidth growth that are  quickly facing capacity exhaustion 
are turning to C+L-band  solutions, which also leverage the L-band spectrum of a fiber 
to  potentially double the fiber capacity. 
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As optical networks evolve to meet today’s ever-increasing  bandwidth demands, so has 
the dependence on next-generation programmable coherent  technology to maximize fiber 
capacity and lower the cost per bit of transport.  To fully take advantage of these benefits 
requires a flexible-grid line system  that can accommodate these higher-baud channels, 
such as an 800G wavelength,  that require more than 100GHz of spectrum. 

WDM is a technique in fiber optic transmission for using multiple 
light wavelengths to send data over the same medium. 
In fact, today’s next-generation coherent modems are so  intelligent and programmable 
that the modem considers a greater variety of  constellation and baud options, enabling 
extremely granular tunability. Today,  flexible channel plans are possible, enabling 
anything from 64 x 75GHz channels  or 40-45 channels for higher, 800G line 
rates—leveraging a flexible grid (or  gridless) architecture that supports channels with a 
minimum size of 37.5GHz, with  adjustable increments of 6.25GHz—to accommodate any 
channel available today or  in the future. 

 
VIDEO 

Chalk Talk - WaveLogic 5 Extreme – The Network Efficiency Story 
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When boosted by Erbium Doped-Fiber Amplifiers (EDFAs) and  Raman amplification—two 
performance-enhancing technologies for high-speed  communications—the reach of these 
DWDM systems can be extended to work over  thousands of kilometers. For robust 
operation of a system with densely packed  channels, high-precision filters are required to 
peel away a specific  wavelength without interfering with neighboring wavelengths. DWDM 
systems must  also use precision lasers that operate at a constant temperature to 
keep  channels on target. 

One of the best features of deploying DWDM over a flexible  grid photonic line system is 
signal independence—the ability to support  multiple generations of transponders 
independent of format, bit rate, symbol  rate, etc. As such, many networks designed for 10 
and 40 Gb/s are now carrying  200 Gb/s channels, and many that were deployed with 
flexible grid capability  are now carrying 400 Gb/s and even 800 Gb/s signals! 
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GBIC is an old topic, but many network industry technicians and newcomers don’t 
know the details. In this article, we will discuss and tell you everything about it. We will 
cover the following topics. 
Table of contents 

●​ What is GBIC? 
●​ GBIC Connector vs GBIC Port vs GBIC Transceiver vs GBIC Interface: Are they 

the same? 
●​ How many GBICs are there? 
●​ Current Status 
●​ FAQ 
●​ Final Words 

 
What is GBIC? 
GBIC stands for Gigabit Interface Converter, sometimes also called GBIC converter. It 
is a hot-pluggable optical transceiver that converts serial electric signals to optical 
ones. The transceiver fits into the GBIC port on the Ethernet switch, router, NIC, or 
firewall.  
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Compared with the first-generation 1×9 transceiver, this one provides hot-pluggable 
features, which allow IT technicians to insert and remove it without powering off the 
switch. Therefore, users may easily remove and replace the GBIC module if needed.  
 

●​ The most significant benefit is that it directly reduces the need to rely on 
specialized personnel, as a user with little guidance can quickly and correctly 
replace a broken module or replace it with another suitable model. 

 
Let’s look at its history. In 1995, the SFF Committee presented and defined the GBIC 
form factor. Then, they launched the MSA specifications called SFF-8053 (or 
INF-8053) and updated the specification in later years. The latest version Rev 5.5, was 
released on September 27, 2000. 

 
FURTHER READING 

●​ GBIC vs SFP vs SFP+ vs XFP, What is the difference? 
●​ GBIC vs SFP vs Mini GBIC, What is the difference? 

 
 
GBIC Connector vs GBIC Port vs GBIC Transceiver vs GBIC Interface: Are they the 
same? 
In the real world, many IT professionals may hear about different terms like GBIC 
connector, GBIC port, transceiver, interface, etc.  
Are they the same thing? How are they different? Now, let us classify their differences. 
 
 
 
#1: GBIC Port 
GBIC port refers to the small physical interface on the gigabit switch or other 
networking devices. This port only accepts the GBIC form factor transceiver, like fiber 
and copper types.  
 
It is one or one group cage soldered on the switch motherboard. Because without any 
optoelectronic devices, it only functions as a connector, allowing the optical transceiver 
to communicate with the switch system. 
 

#2: GBIC Connector 
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The term “GBIC connector” typically refers to the back electrical interface on the 
transceiver. Unlike the optical connector, it is located at the backside of GBIC. All fiber 
transceivers are equipped with a duplex or simplex SC connector, which allows the SC 
fiber cable to be plugged in directly. 
However, some users may use the term “GBIC port” interchangeably. We don’t believe 
this is wrong, as no specific standards or agreements are defining the terminology. As 
a result, different individuals may interpret these terms in various ways. 
 

Figure 1: 
GBIC port on the switch

Figure 2: 
GBIC connector comparison 
 
Instead, the copper transceiver provides an RJ45 female connector. It is for the existing 
copper cabling networks based on Cat5, Cat5e, or Cat6. 
 



#3: GBIC Transceiver 
 
The GBIC transceiver, or GBIC module, is a hot-pluggable device that converts 
electrical signals into optical signals for long-distance transmission. It is designed to be 
plugged into the GBIC port of switches to extend the transmission distance for 
networking devices. 
Although GBICs were historically famous as one of the earliest hot-pluggable 
transceivers, they were quickly replaced by smaller and smarter SFPs. 
 

#4: GBIC Interface 
 
GBIC interface is not a standard term but typically refers to the GBIC port or connector. 
Users should understand its actual meaning. 

How many GBICs are there? 
In this section, we refer to the GBICs as GBIC modules. Based on different 
benchmarks, we can divide GBICs into many types. 
By Datarate 

●​ 100BASE GBIC: support fast Ethernet and SDH/SONET OC3 
●​ 622M GBIC: support SDH/SONET OC12 
●​ 1G (1000BASE) GBIC: supports 1G fiber channel and gigabit Ethernet. 
●​ 2G GBIC: support 2G fiber channel and 2.5G SDH/SONET 



Figure 3: 
Fiber vs RJ45 GBIC module (Left to right) 
By Cable Type 

●​ RJ45 GBIC: features RJ45 female connector, suitable for connecting with an 
ethernet cable  

●​ Multimode GBIC: ideal for the multimode fiber cable (OM1/OM2/OM3) 
●​ Singlemode GBIC: ideal for the singlemode fiber cable (OS1/OS2) 

By Distance 
●​ GBIC Copper: stands for copper, commonly with 1000BASE-T speed, and 

transmits the signal over Cat 5 cable 
●​ GBIC SX: stands for short reach, typical link of 550m on OM2 fiber 
●​ GBIC LX: stands for long reach, typical link of 10km on OS2 fiber 
●​ GBIC EX: stands for extend reach, typical link of 40km on OS2 fiber 
●​ GBIC ZX: stands for extend long reach, a typical link of 70km on OS2 fiber 

By application 
●​ CWDM GBIC: It means Coarse Wavelength Division Multiplexing, which helps to 

maximize the fiber Utilization efficiency 
●​ BiDi GBIC: Allow bi-directional transmission on one fiber, saving half of the 

cabling. 
●​ Duplex Fiber: transmits over one fiber and receives over another fiber, suitable 

for the regular duplex fiber cabling network  



●​ DWDM GBIC: A dense Wavelength Division Multiplexing gigabit interface 
converter supports 96 transmission channels in a single fiber cable. 

Current Status 
In a word, it is outdated or obsolete. 
GBIC defines a bigger size than the later SFP, requesting more space on the switch 
and other networking devices. This allows fewer switch ports and less bandwidth. As a 
result, SFP rapidly replaces it due to its crucial smaller size. 
Finding vendors to provide these products will take a lot of work. They are history. Most 
new modern switches come with the SFP port, QSFP port, QSFP28 port, and even 
OSFP port, but not the older GBIC port. 
Hence, switch to the new SFP and SFP+ modules, as they are much more popular and 
have the best pricing and choices on the market.  
 
 
 

He has shown you, O mortal, what is good. 

    And what does the Lord require of you? 

To act justly and to love mercy 

    and to walk humbly with your God. 

 

Love is patient, love is kind. It does not envy, it does not boast, it is not proud.  It does not dishonor others, it is not 
self-seeking, it is not easily angered, it keeps no record of wrongs.  Love does not delight in evil but rejoices with 

the truth.  It always protects, always trusts, always hopes, always perseveres. 
 
 
 
 
 
 

Of making many books there is no end, and much study wearies the body. 

Now all has been heard;​
    here is the conclusion of the matter:​
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Fear God and keep his commandments,​
    for this is the duty of all mankind.​

For God will bring every deed into judgment,​
    including every hidden thing,​

    whether it is good or evil. 

 
 

Whoever of you loves life 

    and desires to see many good days, 

keep your tongue from evil 

    and your lips from telling lies. 

Turn from evil and do good; 

    seek peace and pursue it. 
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	Uses standardized interfaces like SFF-8472 for seamless integration into network management systems. 
	Hidden Innovation: 
	Optical components include built-in sensors and feedback loops for precise diagnostics. 
	 

	7. Dense Integration in QSFP-DD and OSFP 
	What It Is: QSFP-DD (Double Density) and OSFP transceivers integrate up to 16 electrical lanes, each supporting 50 Gbps, in a compact, pluggable form factor. 
	Why It’s Remarkable: 
	Achieves up to 800 Gbps in a form factor designed for hot-swappable modules. 
	Maintains strict power and thermal constraints, even at these speeds. 
	Hidden Innovation: 
	Uses PAM4 modulation and advanced optics for extremely high data rates while maintaining power efficiency. 
	 
	8. Error Correction Inside the Transceiver 
	What It Is: Advanced transceivers incorporate Forward Error Correction (FEC) to compensate for signal degradation. 
	Why It’s Remarkable: 
	FEC can recover data even in low SNR conditions, extending the usable reach and improving reliability. 
	Hidden Innovation: 
	On-board DSPs handle FEC computation in real-time without additional load on network equipment. 
	 

	9. Redundancy Through Unused Fibers 
	What It Is: Transceivers like those using MTP connectors may leave fibers unused, providing built-in redundancy. 
	Why It’s Remarkable: 
	These fibers can be activated during maintenance or link failure, ensuring continuous operation. 
	Hidden Innovation: 
	Advanced switching and rerouting algorithms in network controllers can make seamless use of these backup fibers. 
	 

	10. Encryption and Security 
	What It Is: Some high-end transceivers support on-board encryption to secure data at the physical layer. 
	Why It’s Remarkable: 
	Protects sensitive data as it travels across fiber networks. 
	Reduces latency compared to higher-layer encryption schemes. 
	Hidden Innovation: 
	Cryptographic algorithms are integrated into the transceiver’s DSP. 
	 

	11. Compact Power Efficiency 
	What It Is: Despite their small size, transceivers are designed to minimize power consumption while operating at terabit speeds. 
	Why It’s Remarkable: 
	Modules like QSFP-DD consume only 10–15 W, a fraction of the power required for legacy systems at similar speeds. 
	Hidden Innovation: 
	Silicon photonics and advanced laser technologies allow greater energy efficiency without sacrificing performance. 
	 

	12. Multi-Rate Compatibility 
	What It Is: Many transceivers support multiple data rates, such as 100G/200G/400G. 
	Why It’s Remarkable: 
	Simplifies inventory management and network scalability. 
	Hidden Innovation: 
	Adaptive DSPs and programmable optical components make multi-rate operation seamless. 
	 

	13. Self-Testing and Diagnostics 
	What It Is: Built-in self-test (BIST) capabilities allow transceivers to perform diagnostics independently. 
	Why It’s Remarkable: 
	Minimizes downtime by quickly identifying faulty components. 
	Hidden Innovation: 
	Integrated microcontrollers run self-diagnostics and report via the I2C interface to network operators. 
	 
	Conclusion 
	Today’s optical transceivers pack extraordinary capabilities into compact, efficient modules. From coherent optics and photonic integration to tunability and real-time diagnostics, these devices are at the forefront of modern networking technology. Their ability to adapt, optimize, and scale with network demands makes them indispensable for high-speed data communication. 
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