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The State-of-the-art Developments of 
Optical Transmission Equipment and Modules

Yasuhiro Ando1

Fujikura has developed a variety of optical transceivers for telecommunication, optical 
access network, and data communication. We also have developed optical transmission 
equipment such as a media converter, video transmission equipment, PON equipment for 
FTTH, and an apparatus for a virtual private network (VPN). This paper reviews recent 
developments of the above equipment and modules; (1) 40 Gbit/s RZ-DQPSK transponder for 
optical transport networks, (2) AOC (active optical cable) for data centers and manufacturing 
facilities, and (3) VPN apparatus that realizes VPN connection over the wide-area IP network.

1. Introduction
Communications traffic flowing through the net-

works has continued to expand because of the wide-
use of the Internet. This trend of increasing traffic 
shows no sign of subsiding, with the spread of mobile 
phone, in particular smartphone, and cloud comput-
ing. Growth of the Internet traffic in Japan, for exam-
ple, has doubled every two years. Optical telecommu-
nication technologies underpin this increasing traffic. 
Transmission capacity of over 100 Tbit/s through a 
single optical fiber has been demonstrated by upgrad-
ing of transmission speed (bit rate per channel), the 
adoption of optical amplification, wavelength-division-
multiplexing technology, and multi-level phase modu-
lating format.1) 

In order to support such sophistication of optical 
transmission technologies, Fujikura has developed a 
wide variety of optical modules, such as optical trans-
ceivers and optical transponders, for fiber-optic tele-
communication, optical access network, and data com-
munication since the early 1980s. In addition, the 
optical transmission equipment such as a media con-
verter, video transmission equipment, PON equipment 
for FTTH, and a virtual private network (VPN) appara-
tus, have also been developed. The penetration of opti-
cal technologies has also begun in much shorter dis-
tance than in telecommunications, so-called “Optical 
Interconnection,” that is the internal wiring within 
equipment and interconnection between equipment. A 
new form of optical interconnection, called an active 
optical cable (AOC) has also emerged recently, which 
incorporates E/O and O/E conversion devices within 
an electrical connector.

In this paper, our recent developments of optical 
transmission equipment and modules are reviewed. 

Main subjects are focused on three products as fol-
lows. (1) 40 Gbit/s-class transponder using multi-level 
phase modulation, (2) Active optical cables for data 
centers and manufacturing facilities as the examples 
of optical interconnections, (3) VPN apparatus that 
can make use of the Internet as a virtual exclusive 
line.

2.  Super-high-transmission-rate Optical  
Transponder

2.1  Multi-Level Phase-Shift-Keying (PSK) Format

Recent optical backbone network has been con-
structed based on 10 Gbit/s transmission speed, and 
the transmission capacity has multiplied by using a 
Wavelength-Division-Multiplexing (WDM) technolo-
gy. We have developed 10 Gbit/s optical transponders 
compliant with 300-pin MSA2) (Multi-source Agree-
ment) which is a de facto standard of 10 Gbit/s tran-
sponder for a backbone network.3) Communication 
traffic, however, demands further large capacity of 
transmission. Then the deployment of over 100 Gbit/s 
transport system using a digital coherent technology 
as well as 40 Gbit/s system using a multi-level phase-
shift-keying format has already begun.

In over 40 Gbit/s transmission through installed op-
tical fibers, the transmission distance will be severely 
restricted, because the pulse width per bit is shorter, 
i.e. the frequency bandwidth occupied by signal is 
wider. Transmission characteristic is strongly influ-
enced by such chromatic dispersion (CD), polariza-
tion mode dispersion (PMD), and accumulated ampli-
fied spontaneous emission (ASE) noise generated in 
the optical repeater amplifier, in the case of conven-
tional amplitude modulation represented by the NRZ 
(Non Return-to-Zero) modulation format. A multi-level 
phase modulation method is attracting attention as a 
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modulation format that can solve these problems. Dif-
ferential Quadrature Phase-Shift-Keying (DQPSK) 
modulation with RZ (Return-to-Zero) formats, called 
RZ-DQPSK, is excellent for the transmission system of 
around 40 Gbit/s. 

We have developed an RZ-DQPSK optical transpon-
der that transmits up to 44.6 Gbit/s per wavelength,4) 
which is applicable to a Dense Wavelength-Division-
Multiplexing (DWDM) transmission system. Table 1 
shows the comparison between conventional NRZ am-
plitude modulation and RZ-DQPSK for 40 Gbit/s mod-
ulation. A four-level PSK can make symbol rate half, 
which means the operation speed of the electronic cir-
cuit is also half. The occupied frequency bandwidth 
per channel falls within 50 GHz grid, so that the up-
grade to 40 Gbit/s from the existing 10 Gbit/s systems 
can be done with ease.

2.2  40 Gbit/s RZ-DQPSK Optical Transponder

Table 2 shows main specifications of 40 Gbit/s RZ-
DQPSK optical transponder. The maximum bit rate is 
44.6 Gbit/s. This transmission rate can convey the 
OTU3e (Optical-channel Transport Unit 3e), which 
bundles 4 channels of the 10 Gbit/s Ethernet, through 

an OTN (Optical Transport Network). An optical 
source for transmitter is a wavelength-tunable laser 
diode, so that any wavelength can be selected within 
full C-band or full L-band, respectively. An optical out-
put power is -5 ~ -2 dBm in the standard specifica-
tion. It, however, can be amplified up to 4 ~ 7 dBm 
since the transponder has the option of a built-in semi-
conductor optical amplifier (SOA). The transponder 
with built-in SOA has the advantages of a small size 
and low power consumption compared to that with an 
external EDFA (Erbium-doped Fiber Amplifier). The 
SOA, however, has a disadvantage of the pattern effect 
that occurs when the amplitude modulation signal 
such as NRZ is amplified in the saturation region. The 

Abbreviations, Acronyms, and Terms.

FTTH–Fiber-to-the-Home
PON–Passive Optical Network
WDM–Wavelength Division Multiplexing
MSA–Multi-Source-Agreement
NRZ–Non Return-to-Zero
RZ–Return-to-Zero
DQPSK–Differential Quadrature Phase Shift Keying

C-band–Conventional band
L-band–Long-Wavelength band
SOA–Semiconductor Optical Amplifier
EDFA–Erbium Doped Fiber Amplifier
QSFP–Quad Small Form-factor Pruggable
IP–Internet Protocol
IaaS–Infrastructure as a Service

Item Min. Max. Unit Note
Total
Transmission 
Rate

43.02 44.57 Gbit/s Dual Rate

Supply Voltage +5.0, +3.3, -5.2 V
Power 
Consumption

22
23

26 
28

W
Standard

SOA Option
Case 
Temperature

-5 70 °C

Size 127 ¥ 177 ¥ 18 mm
Transmitter
Optical Output 
Power

-5
4

-2
7

dBm
dBm

Standard
SOA Option

Wavelength
1528.773
1570.416

1563.455
1607.035

nm
nm

C-band
L-band

Wavelength 
Interval

0.4 nm 50 GHz

Wavelength 
Accuracy

-25 25 pm

Receiver
Optical Input 
Power

0 8 dBm

Chromatic 
Dispersion 
Tolerance

-100 100 ps/nm 1 dB Penalty

DGD Tolerance - 20 ps 1 dB Penalty

Table 2. Main specifications for 40 Gbit/s Optical Transponder.

Modulation 
Format NRZ-OOK RZ-DQPSK

Constellation

I: In-Phase
Q: Quadrature-
Phase

Symbol Rate 40 Gbaud 20 Gbaud

Modulation 
Spectrum

Table 1. Comparison of 40 Gbit/s Modulation Formats.
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pattern effect is a phenomenon of gain reduction by 
the depletion of excited carriers, when the bit “1” is 
continuous, for example. The phenomenon might oc-
cur because the response of SOA is too fast in the or-
der of ns. The combination of SOA and RZ format is, 
however, excellent. This is because the pattern effect 
of SOA does almost not appear, since the waveform of 
RZ-DQPSK never has continuous “1”.

The appearance of the 40Gbit/s optical transponder 
is shown in Fig. 1. The size of the metal body is 127 
mm ¥ 177 mm ¥ 18 mm, which is compliant with the 
300-pin MSA.

2.3  Digital Coherent Technology

Recent explosive increase in communication traffic 
is seeking larger capacity of the network. Digital co-
herent technology draws attention as an emerging 
technology that can realize the transmission bit rate of 
over 100 Gbit/s per channel. Accurate measurement 
of both the amplitude and phase of optical signals can 
be done by homodyne detection through the use of 
laser light coherency, i.e. long-term stability of the fre-
quency. Then an effective bit rate can be increased by 
using a progressive multi-level phase modulation for-
mat. The received analog signal is, moreover, convert-
ed to digital and the digital signal is processed by high-
speed digital signal processor (DSP). As a results, the 
compensations of chromatic and polarization mode 
dispersion, a polarization separation, and a signal iden-
tification are achieved. 

We are actively developing this digital coherent 
technology, because it will become the mainstream of 
future optical transmission technology.

3. Active Optical cable (AOC)

3.1  AOC for Data Center

An AOC is a fiber-optic cable terminated by electri-
cal connectors on both ends within which E/O and 
O/E conversion devices are incorporated. The AOC, 
therefore, can replace the existing copper cable with 

electrical connectors. The AOCs have deployed widely 
in the field of data transfer between nodes and internal 
wiring of High-Performance Computing (HPC), so-
called Supercomputer, and the data communication in 
the data center. The main reasons are its broadband 
performance, and fineness and flexibility of the cable. 
We have developed a cost-effective and highly reliable 
QSFP-type AOC for data centers equipped with a novel 
“optical engine” that is a parallel E/O and O/E conver-
sion device.

Table 3 shows the main specifications for the QSFP 
AOC. Figure 2 shows its appearance. An electrical in-
terface is compatible with SFF-8436 QSFP +, and the 
transmission supports up to the Fourteen Data Rate 
(14 Gbit/s) of InfiniBand 5). The product has 4 pairs of 
transmitters and receivers in one connector, so an ag-
gregate throughput is 56 Gbit/s.

3.2  AOC for Manufacturing Facilities

Both high-speed and long-reach transmission by 
conventional copper cables has also become difficult 
in the field of manufacturing facilities, especially in 
machine vision applications to process large volume of 
image data at high speed. To serve these needs, we 
have developed an AOC with electrical interfaces com-
patible with CameraLinkTM standard 6) which is one of 
the digital video-signal transmission systems.

Item Specification

Configuration SFF-8436 QSFP+ 

Number of Data Lane
4 Lane 

(4 pairs of Transmitters & Receivers)

Transmission Rate 56 Gbit/s (14 Gbit/s per lane)

Electrical Data Interface 100 W Differential (AC Coupled)

Central Wavelength 850 nm

Cable Length 7 ~ 100 m

Case Temperature 0 ~ 70 °C 
Supply Voltage +3.13 ~ +3.47 V

Power Consumption 1.5 W Max. 

Table 3. Main specifications for QSFP AOC.

Fig. 1. Appearance of 40 Gbit/s Optical Transponder. Fig. 2. Appearance of QSFP AOC.
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The main specifications for the CameraLinkTM AOC 
are shown in Table. 4, and its block diagram of func-
tion is shown in Fig. 3. The signal transmission dis-
tance of over 50 m is realized compared to 10 m which 
is the maximum transmission distance specified by 
the standard, while keeping the interchangeability to 
the existing CameraLinkTM product of copper cable. 
This is because only the video signal lines that limit 
the transmission distance are replaced to an optical fi-
ber. The AOC also has good flexibility and bending 
durability of over 10 million required for moving cable. 
Figure 4 shows the appearance of both end connectors 
of the CameraLinkTM AOC.

4. Virtual Private Network (VPN) Apparatus

4.1  VPN Technology

A VPN is a technology to connect between comput-
ers in business enterprises as a virtual exclusive line 
over the wide-area Ethernet or IP network such as the 
Internet. An advantage of the VPN is less expensive 
than a traditional leased line service that actually oc-

cupied a physical communication line. In addition, the 
availability of the VPN has been increasing year by 
year because of the improved convenience due to the 
faster data transmission through the Internet 

Many irrelevant users are connected in the wide-ar-
ea network. For the secure communication to intended 
persons only, VPNs use dedicated equipment, called 
VPN apparatus, which deals with an authentication of 
remote users and an encryption of messages, etc.

4.2  Features of FleboTM Series

The FleboTM series, the VPN apparatuses of our 
company, has provided best-in-class performance 
since its release in 2004. Figure 5 shows the appear-
ance of the latest model “FleboTM Next”; model num-
ber FNX0630. FleboTM Next is equipped with a cus-
tomized LSI. A stable and high-speed transfer 
performance is provided because a packet’s destina-
tion decision, forwarding, encryption/decryption, and 
so on are processed by hardware logic. The FleboTM 
Next is also robust against unauthorized access, be-
cause the processing by hardware cannot be easily 
presumed and falsified.

In general, a number of parameters must be set to 
appropriate values in order to operate communication 
equipment. The FleboTM series enables users to set 
these parameters with a few simple operations. The 
composition and transitions of setup screen, the layout 
of entry fields and the contents of the message are so-
phisticated by reducing configuration parameters rea-
sonably.

Our VPN apparatus has a feature that user friendli-
ness, high-speed, security, and stability are balanced at a 
high level by optimizing the function sharing between 
hardware and software.

Item Specification
Cable Length 50 m Max.

Cable Diameter 8.9 mm
Electrical Interface 26-pin Connector

Supply Voltage +12 V ± 5 %
Power Consumption 
(total of both end) 

0.8 W

Operating Ambient Temperature -10 ~ 50 °C
Bending Durability (R=50 mm) Over 10,000,000 Bending

Input Pixel Clock Frequency 20 ~ 85 MHz

Table 4. Main specifications for CameraLinkTM AOC.

Fig. 3. Block Diagram of CameraLinkTM AOC.
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4.3  A new Application of VPN Technology

Connection methods between VPN apparatuses are 
divided into two types, bridging and routing. Network 
bridging allows two or more networks to create an ag-
gregate network. On the other hand, routing makes 
the networks to communicate independently as sepa-
rate networks. FleboTM series is a VPN apparatus by 
the bridging.

Software that provides services in cloud computing 
does not necessarily operate on a fixed single server 
machine. It might run on multiple machines or travel 
from machine to machine depending on needs. In this 
case the machines on which the same software runs is 
desirable to be connected by bridging. Because the 
reconnection between networks by another bridging 
equipment is not realistic solution in the case that the 
networks have already separated by a router. 

The VPN technology by bridging, therefore, has 
been attracting a great deal of attention. Infrastructure 
as a Service, IaaS, which involves network virtualiza-
tion in cloud computing, will be one of new applica-
tions of the VPN technology.

5. Conclusion
Recent progress of optical transmission equipment 

and modules developed in our company are reviewed. 
In particular, a 40 Gbit/s-class optical transponder, ac-

tive optical cables for data centers and manufacturing 
facilities, and a VPN apparatus are described in detail.

Optical transmission technologies, which have been 
evolved in telecommunication fields so far, will expand 
their application fields to the others, for example, in-
dustrial machinery, medical equipment, sensor net-
works, in-vehicle network, robotics, and so on. We will 
continuously provide the excellent products by devel-
oping all necessary technologies for the migrations of 
optical technologies to these extensive application 
fields.

References

1)  A. Sano, T. Kobayashi, S. Yamanaka, A. Matsuura, H. 
Kawakami, Y. Miyamoto, K. Ishihara, and H. Masuda: “102.3-
Tb/s (224 x 548-Gb/s) C- and Extended L-band All-Raman 
Transmission over 240 km Using PDM-64QAM Single Car-
rier FDM with Digital Pilot Tone,” in Proc. of OFC/NFOEC 
2012, No. PDP5C.3, 2012.

2)  http://300pinmsa.org/
3)  Y. Fujisaku, H. Takagi, and A. Nishimura: “10 Gbit/s Full-

Band Tunable Optical Transponder,” Fujikura Technical Re-
view, No. 36, pp. 15-17, 2007. 

4)  Y. Fujisaku, T. Takahashi, M. Mori, and H. Takagi: “40 Gbit/s 
Optical Transponder with Multi-Level Phase-Shift-Keying 
Format,” Fujikura Gihou, No. 120, pp. 23-28, 2011 in Japa-
nese.

5)  http://www.infinibandta.org/
6)  http://www.visiononline.org/

Fig. 5. “FleboTM Next” FNX0630.

Fig. 4. Appearances of CameraLinkTM AOC.


