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Abstract: With the ever-increasing demands on the transmission parameters of telecommunication
optical systems, such as transmission capacity, new challenges arise for scientists to meet these re-
quirements. One of the possible solutions to increase the transmission capacity of telecommunication
networks is the multicore optical fiber, which is the current trend in modern space division multiplex.
First and second chapters of the article deal with the modern concept of space division multiplex.
A selected seven-core optical fiber was tested for insertion loss, attenuation, length for individual
cores, and fiber continuity using the direct and backscattering method. The achieved results of the
performed measurements are summarized and commented in the third chapter of the article.
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1 INTRODUCTION

In telecommunication systems, a number of technological discoveries and advances have taken place
over the last few decades, which have enabled an increase in the information capacity of transmission
networks. In the early 1980s, the low-loss silica optical fiber was developed. One of the milestones
in the development of the increase in information capacity in transmission networks was the devel-
opment of a fiber amplifier, a method of amplifying an optical signal using the Erbium-doped fiber
amplifier (EDFA). Another significant advance was the method of increasing the number of trans-
mission channels per fiber, which was aided by the method called Wavelength Division Multiplex
(WDM). This method enabled an even wider use of already laid and installed optical fiber networks.
The use of the mentioned technologies in combination with newly laid optical fiber networks made it
possible to fulfill the idea of bringing optical fiber to the end user in the house. This idea was called
fiber to the home (FTTH) [1]. For current optical fiber networks and systems, existing optical fibers
represent the limits of their capabilities in terms of the amount of data transferred. It is therefore still
necessary to look for new ways to handle the growing amount of transmitted data.

The maximum transmission capacity of optical fiber systems and networks can be expressed using the
Shannon-Harltey theorem. Using the Shannon-Hartley theorem, the maximum rate at which data can
be sent in a single transmission channel can be expressed based on the bandwidth of the transmission
channel and the signal to noise ratio. Maximum transmission capacity of optical fiber networks has
many different limitations which are related to physical limitations of optical fibers to bind only a cer-
tain amount of energy able to transmitt in the fiber before non linear effects start to occur [2]. Due
to this, transmission capacity higher than 100 Tbit/s cannot be achieved with standard single-mode
optical fibers (SMF) [3]. With ever-increasing demands on transmission capacity in the field of infor-
mation transmission such as the Internet of Things (IoT), Industry 4.0, cloud storage, transmissions
in 5G mobile networks and also demands for high-quality HD, 4K, 8K streaming services and online
video conferencing, transmission capacity can become insufficient for future applications of optical
transmission networks.
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One of the possible solutions to increase the transmission capacity of optical fiber systems is the use
of optical cables with a larger number of integrated fibers. However, problems can arise in densely
populated urban areas, where the already existing optical infrastructure is on the edge of its spatial
capacity, where it is not possible to increase the number of optical cable routes. Building new routes
for optical cables is very demanding, laborious and, above all, expensive. So current trends should
lead to the minimization of installation costs and to the miniaturization and integration of modern
technologies.
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Figure 1: Evolution of transmission capacity in optical fibers [3]

2 SPACE DIVISION MULTIPLEX

One solution to the problem of maximum transmission capacity could be a solution using the telecom-
munication system called Space Division Multiplex (SDM). Space division multiplex uses individual
spatial channels for transmission, using multiple cores and/or modes in one common optical fiber.
The main advantage of Space division multiplex technology is that its use will not increase the num-
ber of installed optical cables and at the same time reduce the cost of installing new optical routes.
These benefits make this technology probably the most efficient way to deal with the ever-increasing
demands on the transmission capacity of telecommunication networks.

Space division multiplex can be implemented in several ways. One way to implement a space di-
vision multiplex is the Mode Division Multiplex (MDM) using optical fibers with several modes as
individual transmission channels. Another possibility is the single-mode multicore optical fiber.

Using combinations of these possibilities, researchers in previous years achieved, for example, a trans-
mission capacity of 2.15 Pbit/s using a 22-core single-mode optical fiber with a length of 31 km and
64QAM modulation in each core [4] and 2.05 Pbit/s (360WDM × 114SDM × 50 Gbit/s) using
a Super-Nyquist-WDM DP-QPDSK signal over a 9.8 km 6-mode 19-core optical fiber [5]. The re-
searchers in article [6] using a 6-mode 19-core optical fiber, this time with a length of 11.3 km, were
able to achieve a transmission capacity of up to 10.16 Pbit/s.

In 2020, Google began laying an underwater fiber optic cable connecting the shores of the United
States (Virginia Beach) and France (Saint-Hilaire-de-Riez). The submarine optical cable with a length
of about 6500 km called “Dunant” uses the advantages of the space division multiplex technology.
Dunant uses 12 pairs of fibers along with a number of technical innovations aimed at maximizing
the bandwidth, thanks to which a transmission capacity of up to 250 Tbit/s can be achieved. At the
beginning of February this year, the Dunant submarine optical cable was put into operation, making
it the fastest connection between two continents [7].
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3 MEASUREMENTS AND RESULTS

At the Department of Telecommunications, Brno University of Technology, we had a multicore op-
tical fiber IPT-CORE developed by the InPhoTech company available to verify the properties. The
multicore fiber was provided for testing by CESNET association. The IPT-CORE multicore opti-
cal fiber contains seven individual separate cores, where each fiber core meets the requirements of
transmission parameters in accordance with the ITU-T Recommendation G.652, so you can take full
advantage of this recommendation for efficient multiplexing using WDM. An important element in
the IPT-CORE system is the passive fan-in/fan-out component, which allows at both ends of the fiber
to send and receive information from/to each fiber core separately, thus effectively ensuring the func-
tionality of seven cores in one fiber. As shown in Figure 2, all seven individual cores were connected
to an optical switchboard at ports 1–7 and 18–24.
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Figure 2: Wiring diagram of individual fiber cores

Verification of the multicore optical fiber was performed by first verifying the transmission properties,
specifically measuring losses and crosstalk of individual cores by a direct method and then by veri-
fication of fiber continuity, fiber (core) lengths, attenuation and loss using the optical reflectometry
OTDR (Optical Time Domain Reflectometry).

The first measurement by the direct method was performed using the source of optical radiation type
FLS-600 by EXFO and the optical power meters type PM-420, PM-800 by OPTOKON and FPM-600
by EXFO. Three measurements were performed, always for the same source of optical radiation with
a wavelength of 1550 nm and different optical power meters. The performed measurements were then
compared with the values given in the datasheet of the fiber manufacturer. The measured values of
insertion loss of individual cores and catalog values of the fiber are recorded in Table 1.

Table 1: Measured values of insertion loss and datasheet values
Fiber core 1–18 2–19 3–20 4–21 5–22 6–23 7–24
PM420 6.05 – 6.35 8.87 6.39 5.56 6.58
PM-800 6.09 – 6.16 8.95 5.85 5.66 6.49
FPM-600 6.98 – 5.91 8.58 5.77 5.30 6.13
Datasheet1 5.70 5.20 6.10 9.30 5.70 8.50 8.10

1INPHOTECH. 2020. Multicore Fiber with Fan In/Out datasheet. SN: 7CF2F201112.
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For measurements by the direct method, the difference between the values of individual measure-
ments did not change significantly. For individual measurements the difference between the values
(maximum and minimum loss values) was at most 0.93 dB. The maximum and minimum values of
the differences between the measured values and the values given in the datasheet by the manufac-
turer differed in the range from -3.20 to 1.28 dB. The differences between the measured and datasheet
values of the insertion loss do not indicate the quality of the measurement or the error rate of the
measurement. It can be assumed that for the needs of the manufacturer or the datasheet, other, more
sophisticated methods were used to measure the insertion loss of a multicore optical fiber and more
accurate measuring instruments were applied.

In the second part of the measurement, the continuity of the fiber was verified using the OTDR
method. The length of the fiber was verified, specifically the lengths of individual cores, loss and
attenuation. The measurements were performed using the OTDR module SOT-A80 by Atomowave.
Measurements were performed for individual cores 1–7 in both directions, with set parameters: wave-
length 1550 nm, range 1 km, pulse width 25 ns and measurement time 30 s. The length of the launch
cable was 500 m. The measured values of the individual parameters are compared in Table 2.

Table 2: Values from OTDR measurements for all fiber cores in both directions
Dir. A→B Loss Attenuation Length Dir. B→A Loss Attenuation Length
Fiber core [dB] [dB/km] [m] Fiber core [dB] [dB/km] [m]

1 0.051 0.163 312 1 0.060 0.192 312
2 0.050 0.160 312 2 - - -
3 0.047 0.151 312 3 0.063 0.201 312
4 0.041 0.131 312 4 0.156 0.494 316
5 0.046 0.148 311 5 0.364 1.170 311
6 0.058 0.183 315 6 0.054 0.174 311
7 0.052 0.166 312 7 0.050 0.159 312

Min 0.041 0.131 311 Min 0.050 0.159 311
Max 0.058 0.183 315 Max 0.364 1.170 316

Median 0.050 0.160 312 Median 0.062 0.197 312
Average 0.049 0.157 312 Average 0.125 0.398 312

The graphical dependence of power on distance is shown in Figure 3, specifically for the core num-
ber 7. The graph in Figure 3 shows approximately 500 m of launch fiber (event 1–2) after which
a measured multicore fiber with a length of approximately 300 m (event 2–3) was connected.
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Figure 3: Graph of the dependence of backscattered optical power on distance
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The resulting OTDR measurements for the loss, attenuation and length transmission parameters for
the A→B direction were as expected. From the measured maximum and minimum values of the
transmission parameters, it can be seen that the values did not change significantly during the whole
measurement and did not fluctuate to extremes, so the average value was very close to the median
value. The average values for the A→B direction were 0.049 dB for the loss, 0.157 dB/km for the
attenuation and 312 m for the length.

On the contrary, it was for the B→A direction where the measurement results did not meet ex-
pectations. For the second fiber core (measured from port 19), it was not possible to measure the
transmission parameters at all. The cause could be an insufficiently connected connector from the
inside of the optical switchboard. Due to the warranty of the whole product it was not possible to cor-
rect this fact. Furthermore, the fiber cores 4 and 5 (measured from ports 21 and 22) showed a greater
rate of signal loss and thus increased attenuation for a given length. The fifth fiber core, for which
the maximum values of the loss and the attenuation reached 0.364 dB and 1.170 dB/km respectively,
would not even meet the minimum requirements for transmission quality of certain applications.

4 CONCLUSION
Multi-core fibers represent an innovative solution designed for space division multiplex. They can
transmit multiple times (depending on the number of cores) more information than conventional
single-core optical fibers, while maintaining the same geometric and transmission parameters. Within
the article, individual transmission parameters of the selected multicore optical fiber were tested. The
possible occurrence of crosstalk between individual cores, which did not occur during the measure-
ment, was also tested. The chosen design of multi-core optical fiber allows its easy and fast deploy-
ment in industrial and telecommunication applications that can be implemented in existing networks.
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