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Introducing Fiber
Optical Transceivers
Optical transceivers, sometimes also referred to as
“optical modules”, have the important job of
converting electrical signals from the host equipment
into pulses of light which carry data over the fiber
optic network.
As the name suggests, they “transmit”

There is a huge range of transceivers

and “receive” the optical signals,

available for many different applications

converting them back into electrical

and network specifications supporting

signals at the receiving end.

data rates from 125Mbps to 800Gbps
(with increases expected), and

The growth in consumer demand for

transmission distances between 30

connected devices, along with data usage

meters and 160 kilometers (up to 2000km

and technologies such as IoT and 5G is

with Coherent transceivers). With so

placing increasing demands on fiber optic

many different modules on the market, it

networks, datacenters, telecoms

can be hard to pick out the best optical

suppliers, carriers and cloud operators, for

transceiver for specific networking

storage and increased transmission rates.

requirements. In this guide, we set out

This, in turn, is fueling the demand for

some of the basics about transceivers

datacenters and carriers to become more

and the different types available to help

efficient, and the need for even more

steer you in the right direction for

compact optical transceivers that are

maximum network performance and

both energy efficient and can handle

cost-effectiveness.

increasingly higher data rates.
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History of the
Optical Transceiver
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Fiber optic technology is changing rapidly, with new optical transceivers being released
now on an annual basis to meet the need for higher speeds. Optical transceivers come
in different shapes and sizes, otherwise known as the form factor. The first form factor
definition for hot-swappable optical transceivers, GBIC, was published in 1995, and while
it is no longer used, the term “GBIC” can still be used today to refer to transceivers.
Smaller versions have been released since then, notably, the Small Form-Factor Pluggable
(SFP) and Enhanced Small Form-Factor Pluggable (SFP+), which are still hugely popular
and in use today.
The need for greater efficiency led to the development of Quad Small Form-Factor
Pluggable (QSFP) enabling transmission at 4 times the rate via 4 channels, and now
speeds of 400G and 800G can be reached on QSFP-DD and OSFP. Form factors for
optical transceivers are continuously being developed for longer distances, additional
wavelengths and higher bit rates.

Further reading: The History of Optical Transceiver Form Factors >>
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Form Factors
The type of optical transceiver you choose will be
determined primarily by the form factor needed to
ensure compatibility with the switch or router that it is
to be plugged into.
The “form factor” determines the
standard shape and size of a
particular optical transceiver, as
well as speeds and protocols.
Form factors are designed
following a multisource
agreement (MSA) to ensure that
transceivers from different
vendors are fully compatible and
interoperable.
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Continuing Popularity of
SFP Form Factors
The small form-factor pluggable (SFP) optical
transceivers are the most popular family of optical
modules at this time.
Relatively inexpensive and flexible, these hot-swappable devices are used in the vast
majority of networks and are able to connect to fiber and Ethernet cables. They are
popular because their small size gives higher port density per switch which can improve
the overall efficiency of the data network and they can be easily removed and installed
without switching off equipment, which avoids downtime. SFP+ is backwards compatible
which means that 1G SFP transceivers can be installed in SFP+ sockets, for example,
giving greater flexibility and scalability, alongside high bandwidth. The latest SFP56 form
factor is backwards compatible with existing SFP connectors, supporting 50Gbps.

SFP

SFP+

SFP is designed to support
100/1000Mbps Ethernet, Fiber Channel
and SONET/SDH and support
transmission speeds of up to 4.25Gbps.

SFP+ is an enhanced version of SFP,
supporting faster speeds. Available as
8Gbps, 10Gbps and 16Gbps and
distances up to 100km.

SFP28

SFP56

SFP28 is designed for speeds of up to
32Gbps and a reach of up to 40km with
the same physical dimensions as SFP
and SFP+.
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Transceivers for Different
Types of Applications
Singlemode / Multimode
Both single-mode and multimode optical

standard transceiver types, each with

transceivers transmit over a single fiber,

specific transmission distances:

although multimode uses a larger core
cable. The main difference between them

SR – Short Range, 850nm

is that multimode transceivers transmit
multiple signals rather than just the one

LR – Long Range, 1310nm

signal of singlemode.
ER – Extended Range, 1550nm
Singlemode can cover much greater
distances (up to 120km) and bandwidth

ZR – Further Extended Reach, 1550nm

versus multimode. There are four

Multimode transceivers are more cost-effective over shorter distances (up to 2km).
Distances

Transmission
Distance /
Wavelength

Transmission Rates

Singlemode

2km-120km

SR - 850nm
LR - 1310nm
ER - 1550nm
ZR - 1550nm

100Mbps to 800Gbps

Multimode

Up to 2km

Multiple
wavelengths

Example Ranges:
100Gbps up to 100m
100Mbps up to 2km
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Bidirectional (BiDi)
High bandwidth / low cost
Bidirectional optical transceivers transmit data in send and
receive mode and are also known as “Simplex” transceivers,
as they transmit over simplex singlemode fiber. Data rates
of between 1G and 25G can be achieved.
BiDi transceivers are mainly used in FTTH installations and
access networks that require high bandwidth, but single fiber
to keep costs down.
QSF P+ 40G BiDi
- 40G Multimode
- LC 1: Tx = 900nm Rx = 850nm
- LC 2: Tx = 850nm Rx = 900nm

Network Link
Duplex cable

900 nm (20G bps)

QSF P+ 40G BiDi
- 40G Multimode
- LC 2: Tx = 900nm Rx = 850nm
- LC 1: Tx = 850nm Rx = 900nm

850 nm (20G bps)
900 nm (20G bps)
850 nm (20G bps)
Tx 850nm
Tx 900nm

Tx 900nm
Tx 850nm

Tx 900nm
Tx 850nm

Tx 850nm
Tx 900nm

Typical BiDi Transceivers
Form

Transmission

Factor

Rate

SFP

1G

Up to 120km

SFP+

10G

Up to 60km

SFP28

25G

Up to 40km
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Coherent Optical
Transceivers
Delivering more data flexibly
Coherent optics have been developed to

now becoming the standard for

meet the increasing volumes of data

shorter-distance high-bandwidth

traffic. Using a higher modulation

(100/200Gbps) between data centers.

technique known as “polarization

Originally proprietary in design, coherent

multiplexing” coherent transceivers are

transceivers are available to the CFP2

able to transmit more data on a single

form factor specification. Programmable

channel over a single fiber pair for greater

tuning to different optical wavelengths

distances . Being able to transmit

can also assist in ensuring that all

Terabits of data up to 3000 kilometers,

available network capacity is used.

coherent optics have been used in
long-haul telecommunications, and are

Coherent Transceivers
Tunable to different

High Bandwidth

Long Distance

wavelengths

(100G / 200G)

Up to 3000km
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Transceivers for
Wavelength Division
Multiplexing (WDM)
WDM helps maximize the capacity of the
fiber optic infrastructure cost-effectively
and simply. Used extensively by carriers,

Selecting the right
WDM Transceiver

it is now being deployed by businesses of

When deciding which transceiver to use,

many types. Transceivers are available for

the attenuation profile needs to be

Course Wavelength Division Multiplexing

considered for the installation. For long

(CWDM) with 18 channels and Dense

distances, up to 40km, for example, high

Wavelength Division Multiplexing (DWDM)

attenuation of light is sustained at the

with up to 160 channels. WDM

1310nm and 1550nm wavelengths. WDM

transceivers are available in a range of

transceivers transmit on a standardized

form factors, with data rates ranging from

set of channels/wavelengths for other

100M to 100G and distances of between

distances.

10km and 160km.

WDM Transceiver Specifications
Distances

Wavelengths

Transmission
Rates

Form Factors

CWDM

10km-160km

1270nm 1610nm

100Mbps to
100Gbps

SFP, SFP+,
SFP28, XFP,
QSFP28

DWDM

40km-160km

1525nm 1565nm

25Gbps

SFP, SFP+,
SFP28, XFP

For more information on
Wave Division Multiplexing (WDM), read:
Introduction to WDM >>
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Passive Optical Network (PON)
Transceivers for Fiber to the Home, Curb or Building
There are a range of transceivers

Passive Optical Networks make use of

available which meet the demands of the

Time Division Multiplexing (TDM) and

home and business, delivering the high

WDM technology to designate the

bandwidth needed for voice, video and

bandwidths for each end client (up to 128)

data with speeds ranging from 1.2Gbps

from the providers connection. PON

to 40Gbps. They meet traditional GPON

transceivers are bi-directional using the

or EPON standards, 10G-EPON, XG-PON

different wavelengths to transmit and

through to the latest standards XGS-PON

receive signals between the optical line

and NG-PON2.

terminal (OLT) at the provider end or
headquarters and the optical network
units (ONU) at the end-user premises.

Passive Optical Network (PON) Transceivers
Form

PON Transceiver Type

SFP
SFP+
XFP

EPON ONU and ONU
XG-PON OLT and ONU
EPON OLT

GPON OLT and ONU
XGS-PON ONU
XGS-PON OLT

NG-PON2 OLT and ONU

Each Transmission Standard uses its own wavelength range for compatibility.
The image below shows these and the potential for upload/download performance.

Centre
Wavelength

Upstream

XGS-PON

XG-PON US

GPON

GPON

NG-PON2

XG-PON

XGS-PON

US

1270nm

US

DS

US

DS

DS

DS

1310nm

1490nm

1534nm

1577nm

1577nm

1599nm

1270nm

NG-PON2

XGS-PON
10Gbps
XG-PON
2.5Gbps
GPON
1.2Gbps

XG-PON2
40Gbps

1603

XG-PON
10Gbps

1596

1580

1575

1544

1532

1524

1500

1480

1360

1340

1320

1300

1280

1260

GPON
2.5Gbps

NG-PON2
40Gbps

XGS-PON
10Gbps

Downstream
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Under the Cover of the
Optical Transceiver
Let’s take a closer look at some of the key components
of the most common optical transceivers.
TOSA, ROSA and BOSA

The TOSA is typically made up of a laser

The major component of an optical

diode, optical interface, monitor

transceiver is the transmitter known as

photodiode and electrical interface

TOSA (Transmitter optical sub-assembly)

housed in metal or plastic. It converts the

and the receiver ROSA (Receiver optical

data signal into an optical signal. The

sub-assembly), which as their names

ROSA is similar in construction and

suggest transmit and receive the optical

receives the optical signal and converts it

signals. In BiDi transceivers there is a

back into an electrical signal.

component called BOSA (Bidirectional
optical sub-assembly) which acts as both
the TOSA and ROSA.

100G QSFP28 LR4 Structure Drawing
Housing

Optical Signal

Heat
Spreaders
MCU
Laser Drivers

TOSA

ROSA
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Laser Diode Types used
in Fiber Optical
Transceivers
As lasers are at the core
of the optical transceiver,
selecting a good quality
laser is vital.
The different types of laser differ according
to their reach and bit rate. They range from
VCSEL, covering less than 500 metres, but low
cost with low power consumption, through to
high-speed 10G – 100G DFB and EML lasers
than can transmit up to distances of 40km.

Laser

Wavelengths

Advantage

Distance

VCSEL

850nm

Low Cost
Low Power Consumption

Up to 500m

FP

1310nm and 1550nm

Large Power Output and
High Modulation Rate

Below 40km

Diode Type

Cannot be used for WDM
DFB / DML

1310nm and 1550nm

High Speed (up to 25G),
Medium Distance

2-10km

EML

1310nm and 1550nm

Higher Data Rates
(10G- 100G)
over Longer Distances

10-40km

For more information read: Understanding Lasers - at the heart of fiber optical transceivers >>
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Optical Transceiver
Modulation Types
Modulation is the process by which data is added to
the optical carrier signal to be transmitted to a
receiving device, which then demodulates the signal to
extract the information.
Information can be added to the carrier signal by varying the amplitude, frequency,
phase or polarization. The most common modulation techniques in optical transceivers
are amplitude on-off keying NRZ and pulse-amplitude modulation (PAM-4).

NRZ

PAM4

NRZ (Non-Return-to-Zero) Modulation
Traditionally NRZ modulation has been used for
optical communications. It is mainly used for
short distances and limited to a data rate of
28G, but using WDM rates of 100G can be
achieved.
PAM4 (4th level Pulse Amplitude) Modulation
PAM4 is now increasing the amount of data
that can be transmitted. It is used for
transmitting at rates of 200G to 800G over
longer distances.

For more information read: Understanding PAM4 and how it is enabling higher data rates >>
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All-in-one Solution
DAC and AOC Cables
Plug and play cables which include a transceiver
attached to both ends of the cable provide an
all-in-one, lower power solution for short-distance,
high-speed links.
Direct Attach Copper (DAC) and Active Optical Cables (AOC) have low up-front costs,
rapid and simple installation, and options from 10G to 400G and covering distances
from 0.3 meters to 200 meters.
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Pulling your Project
Together
Compatibility
All Pro Optix transceivers comply with the

If you have a requirement that you are

Multi-Source Agreement (MSA) for 100%

finding difficult to source, please talk to

compatibility and are available for many

us, we have worked with customers to

brands, including: Cisco, HP, Huawei,

develop bespoke solutions.

Brocade, Juniper, Alcatel-Lucent, Arista,
Extreme and many more.

CISCO

HP

HUAWEI

IBM

FORTINET

INTEL

BROCADE

JUNIPER

ALCATEL

FUJITSU

AVAYA

H3C

ARISTA

EXTREME

DELL

ALLIED

D-LINK

TRANSMODE

MELLANOX

CHECK POINT

PALO ALTO

QLOGIC

INFINERA

HPE
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Fine-tune Transceivers
with a Pro Coder
Programmer
A Pro Coder gives you the ability to program and
tune your transceivers, quickly and easily to suit your
specific application.
+

Quick and easy recoding of transceivers

+

Change channel on tunable DWDM transceivers

+

Remote diagnostics and manual recoding

+

SFP, CSFP, SFP+, SFP28, XFP, QSFP+, QSFP28
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Quality Differences
in Fiber Optical
Transceivers
There can often be a huge difference in pricing for the same labelled optical transceiver,
ranging from a few dollars to thousands of dollars for transceivers from original brands.
Some of the cost is down to brand value, but lower-cost can certainly also be due to the
quality of the products themselves. Lower quality can result from:
•

Cheap circuit boards and poor soldering, and re-using old circuit boards

•

Low cost, poor manufacturing and low-grade materials

•

Cheap lasers, which may have been rejected by other transceiver manufacturers

•

Little or no testing of components and during production, e.g. lack of burn-in

•

No component traceability, making it difficult to isolate faults to particular product
runs or product series

At Pro Optix we pride ourselves in using the best optical components and design for top
performance. Our solutions are rigorously tested to meet MSA, ITU-T and IEEE
requirements, and all our products are manufactured to ISO standards
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Network Design and
Testing Lab at your
Service
We test the latest technologies, new solutions,
bespoke applications, development products and
conduct general quality assurance.
We offer a network design service and use

Why Pro Optix? Over the past decade Pro

our lab to support our customers in testing

Optix have sold millions of optical

optical modules, WDM equipment, MPO

transceivers, which are used extensively

solutions, etc., in different environments,

and relied on by companies and carriers

ensuring complete robustness and

across northern Europe and around

interoperability for bespoke applications.

the globe.

Optical peace of mind from Pro Optix

100%
Compatibility
Guaranteed

Extensive
Warranties

On-site Support
& Technical
Support

Extensive Stock /
Next-Day
Delivery

ISO Certified
Production

Remote
Transcodong
with Updated
Code Database

We offer next day, tracked delivery from our wide-ranging European stock
of fully warranted transceivers, and technical support from our team of
experts to provide any specific project support you may need.
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Contact Us
Pro Optix
Vikdalsvägen 50,
131 51 Nacka,
Stockholm, Sweden
+46 (0)8-120 477 50
sales@prooptix.se

Have you registered for our
customer portal?

Take a look at the full Pro
Optix product suite...

The Pro Optix Customer Portal provides
customers with a fast and effective way to check
stock, pricing, quote and order history.

Our comprehensive portfolio of fiber optical networking
solutions enables us to offer our customers a solution
tailored to their specific network demands.

Visit prooptix.com/customer-portal

Visit prooptix.com/products

WORLD’S FIRST

Ultra-High-Density CS based
xWDM Multiplexers +600%

OPTICAL NETWORK SOLUTIONS

3 x 40 Channels DWDM in 1U

Your solutions partner for:
Introducing the
MINI & NANO Series
High Density Multiplexers

OPTICAL NETWORK SOLUTIONS

From Pro Optix
LC + CS
Connectivity

Optical Transceivers
Fiber Patch Cables
MPO/MTP Solutions
CWDM/DWDM Multiplexers
Ethernet Cables
DAC & AOC Cables
Media Cnverters
CPE/FTTH Box

Watch the short technical video >>

Keep informed...

