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Innovative Solution Using SWR/WTC for Data Centers

Soichiro KANEKO,1, 2 Shinnosuke SATO,2 Tomoaki KAJI,3 
Koji TOMIKAWA,2  and Ken OSATO2

In data centers, it is necessary to manage enormous data intensively and effectively. Although 
data centers have limited floor space, ultra-high density wiring and economical wiring are 
required. In recent years, Spider Web Ribbon (SWR) has been developed and commercialized, 
and high density optical cables using SWR have been expanded as ultra-high density and high 
fiber count technology. In this paper, Fujikura aims to provide an innovative data center wiring 
solution using SWR and Wrapping Tube Cable (WTC) technologies.

1. Introduction
Services such as cloud utilization, Internet of things 

(IoT) expansion of high-definition video services such 
as 4K and 8K, 5G commercialization and automated 
driving, demand and expectation for high-speed and 
large-capacity communication using optical fibers are 
increasing. Along with this, the construction of optical 
fiber communication networks by Internet Service 
Providers (ISP) and Over the Top (OTT) are 
progressing, and the design of wiring with high fiber 
count cable in data centers is increasing. Therefore, it 
is necessary to manage a huge amount of data centrally 
and effectively in data centers. Economically feasible 
ultra-high density cabling solutions can only 
correspond to the data centers with limited floor space.

The wiring diagram in a hyper-scale data center is 
shown in Figure 1. There are several kinds of cables 
on the cable tray and/or installation space. First, ultra-
high fiber count cable is used for the entry cable 
wiring between buildings. This cable requires small 
diameter and high fiber count for economical high 
density wiring. Second, high fiber count cable with 
flame retardant (FR) properties is used for the 
distribution cable wiring between splice racks and 
standard racks in the data center. This cable requires 
to be light weight and small diameter for easy, 
economical and multi-cable wiring. For both 
applications, high density and efficient wiring 
technology are key solutions.

In recent years, with the development and 
commercialization of SWR, the spread of WTC 
mounted has increased 1)-3). With full dry structure and 
extremely small diameter, WTC is the most suitable 

optical cable for data centers.
SWR / WTC technology is further evolved, and a 

new ultra-high fiber count WTC was successfully 
developed extending fiber counts up to 6912 fibers. In 
addition, 1728 fibers WTC with FR properties suitable 
for inside the data centers have been developed. An 
innovative data center wiring solution using these 
cables and optical components for SWR / WTC is 
introduced in this paper.

2. Cable Design
With the smallest diameter possible and great 

handling abilities WTC is designed by adapting SWR, 
bundle tapes, wrapping tube, side strength members 
and ripcords embedded in the jacket. As shown in 
Table 1, components of WTC bring desirable effects 
such as small diameter, light weight, easy identification, 
mass fusion splice ability, easy cable opening and fiber 
accessibility. WTC is an optimal structure with all the 
elements necessary for data center wiring.

Fig. 1. Wiring diagram in data center.
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2.1  Features of SWR and WTC

SWR has single fiber part, bonding parts and 
adjacent fibers fixed together intermittently, and 
therefore it is possible to flexibly change its shape like 
bundle fiber units. The Stripe Ring Marking is printed 
in a line with ribbon width direction for easier 
identification of each ribbon number and each fiber 
even after the ribbon splits into single fibers.

To further reduce the diameter of WTC, SWR using 
200 μm fibers (200 μmF-SWR) are designed. Fiber 
pitch of conventional ribbon with 200 μm fibers is 200 
μm pitch 4) 5). As a result, special mass fusion splicer is 
required. On the other hand, fiber pitch of SWR with 
200 μm fibers is controlled to match with 250 μm pitch. 
Therefore, mass fusion splicing by common mass 
fusion splicer can be performed on 200 μmF-SWR. The 

design concept of the newly developed 12 fibers SWR 
using 200 μm fibers is shown in Figure 2.

The structure of WTC is shown in Figure 3. This 
cable consists of bundled SWR which are wrapped in a 
tube made by overlapping water blocking tape. SWR 
with Stripe Ring Marking are unitized by colored 
bundle tape. Strength members are embedded in the 
jacket. With this WTC achieves extremely reduced 
outer diameter and weight and full dry structure to 
enhance workability during installation.

2.2  Cable Prep & Fiber Accessibility

WTC consists of two ripcords embedded in the 
sheath and formed by water blocking tape. Therefore, 
as shown in Figure 4, fiber units are easily taken out 
by opening the jacket. After removing the water 
blocking tape, bundle units which contain several 
fibers are pulled out.

2.3  SZ Bunching Unit

The proposed bunching unit can be identified from 
others easily by a combination of two same or different 
colored tapes. The two colored bundle tapes are 
bonded each other at periodical contact points. The 
winding direction of each bundle tape is reversed at 

Table 1. Features of WTC.
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Fig. 2. Design concept of SWR using 200 μm fibers.
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Fig. 3. Cable construction for WTC.
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the contact points of two colored tapes. This structure 
prevents loosening of the unit shape during the cable 
opening and closure assembly process. Thus, installers 
are allowed to identify individual bundle units easily 
during installation by the newly developed bunching 
units at cable end and mid-span as there is no confusion 
of colored bundle tapes as shown in Figure 5.

Furthermore, unlike conventional bunching units 
that require a process to remove the bundle tape in a 
spiral, SZ bunching can be easily removed from the 
unit by the SZ twist structure of bundle tape. Figure 6 
shows how to remove SZ bunching. With the full dry 
structure of WTC and SZ bunching, the target SWR 
can be easily taken out from the ultra-high fiber count 
WTC.

2.4  Handling of WTC

In spite of ultra-high fiber count WTC with 6912 
fibers, WTC enables to handle in small diameter. WTC 
is able to bend to make a loop diameter of 20D (D: 
cable diameter) unless twisting and bending less than 
allowable bending radius. The 6912 fibers WTC coiling 
workability shows satisfactory performance. The 6912 

fibers WTC is coiled in a diameter of 20D simulating 
construction in the hand hole.

3. Ultra-high fiber count WTC

3.1  Design for ultra-high fiber count WTC

Considered the dependence of attenuation on fiber 
packing density 2), WTC using 200 μm fibers (200 
μmF-WTC) are designed. Outer diameter of the 
existing WTC with 250 μm fibers (250 μmF-WTC) and 
newly developed high fiber count WTC are shown in 
Figure 7.

The comparison of cable design of 250 μmF-WTC 
and 200 μmF-WTC is shown in Table 2. As shown in 
Table 2, outer diameter of 3456 fiber count with 200 
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Fig. 5. Easy identification by SZ bunching units.

Fig. 6. Situation of peeling off bonded points.
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Fig. 7.   Design of ultra-high fiber count WTC outer 
diameter.

Table 2.   Comparison of cable design of developed WTC.

Fiber count 1728 3456 6912

250 
μm 

Cable 
Structure

–

Outer 
diameter

23 mm 30 mm –

Weight 360 kg/km 600 kg/km –

200 
μm

Cable 
Structure

Outer 
diameter

21 mm 26 mm 35 mm

Weight 280 kg/km 420 kg/km 780 kg/km
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μm-fiber WTC is reduced approximately 13% and 
weight of this cable is reduced approximately 30% 
compared to 3456 fiber count WTC with 250 μm fiber. 
We aimed to develop the world’s highest fiber packing 
density 200 μmF-WTC. Fujikura developed 200 μmF-
1728, 3456 and 6912 fibers WTC with outdoor 
specifications. In this paper, Fujikura report the results 
of 200 μmF-6912 fibers WTC.

3.2  Characteristics of 200 μmF-6912 fibers WTC

The mechanical and environmental test results of 
200 μmF-6912 fibers WTC are shown in Table 3. Test 
methods were in accordance with Telcordia GR-20-
CORE 5). A measurement wavelength for mechanical 
test was 1550 nm. The result of temperature cycling 
test was measured between - 40 degree C and + 70 
degree C for 2 cycles. Within this specified temperature 
range, maximum variation of attenuation is less than 
0.1 dB/km at 1550 nm. The developed cable exhibited 
appropriate temperature cycling characteristics. This 
cable showed excellent mechanical and environmental 
performance.

4. FR-WTC

4.1  Design for FR-WTC

Taking advantage of the WTC structure, which has 

the characteristics of reducing the number of 
components as much as possible, excellent FR-WTC 
with indoor specification was designed. The 
comparison of cable design of 250 μmF-FR-WTC and 
200 μmF-FR-WTC is shown in Table 4.

Regarding flame retardant performance, flame 
retardant tests are different by each country or region. 
Therefore, mainly two types of flammability tests 
(optical fiber nonconductive riser (OFNR) and the 
Construction Products Regulation (CPR)) are 
conducted 6) 7). Fujikura aimed to satisfy both “riser” of 
UL1666 and “Cca, s2, d0, a1” of CPR. In this paper, 
Fujikura reports the results of 200 μmF-1728 fibers 
FR-WTC.

4.2  Characteristics of 200 μmF-1728 fibers FR-WTC

The mechanical and environmental test results of 
200 μmF-1728 fibers FR-WTC are shown in Table 5. 
Test methods were in accordance with Telcordia GR-
409-CORE 8). The measurement wavelength for 
mechanical test was 1550 nm. The result of temperature 
cycling test was measured between - 20 degree C and 
+ 70 degree C for 2 cycles. Within this specified 
temperature range, maximum variation of attenuation 
is less than 0.05 dB/km at 1550 nm. This cable 
exhibited good temperature cycling characteristics. 
This cable showed satisfactory mechanical and 
environmental performance.

5. High Density Wiring Solution 11) 12)

The wiring model of SWR / WTC for data centers is 
shown in Figure 8. 200 μmF-6912 fibers WTC 
contributes data centers to be higher density.

Based on SWR / WTC, splice rack and Spider Web 
Tube (SWT) were designed. The structure of high 

Table 3. Characteristics of developed WTC.

Item Condition Result

Low-high 
temperature 

bend

Bending radius: 15D
(D:Cable Diameter)

Temperature: - 30 ˚C, + 60 ˚C
Turns: 4, Cycle: 3

< 0.05 dB
No damage

Cable cyclic 
flexing

Bending radius: 10D
(D:Cable Diameter)

Cycle: 25

< 0.05 dB
No damage

Impact

Striking surface: 12.5 mm
Impact energy: 4.4 N · m

Striking count: twice at the 
same place

< 0.05 dB
No damage

Tensile 
strength

Load : 2700 N
1 hour

< 60%
< 0.05 dB

Load : 810 N
< 20%

< 0.05 dB

Compressive 
Strength

110 N/cm 10 min
after 220 N/cm 1 min

< 0.05 dB
No damage

Cable twist
Sample length : 2 m

Test angle : ± 180 deg
Cycle: 10

< 0.05 dB
No damage

Temperature 
cycling

- 40 to + 70 ˚C
Cycle : 2

Maximum variation
< 0.1 dB/km

Water 
penetration

Height of water : 1 m
Sample length : 3 m
Test time : 24 hours

Tap water

Pass

Cable Freezing Temperature : - 40 ˚C < 0.05 dB

Table 4. Comparison of cable design of developed WTC.

Fiber count 288 432 864 1728

250 
μm

Cable 
Structure

Outer 
diameter

13 mm 15 mm 18 mm 24 mm

Weight 160 kg/km 220 kg/km 330 kg/km 490 kg/km

200 
μm

Cable 
Structure

Outer 
diameter

12 mm 14 mm 17 mm 22 mm

Weight 150 kg/km 210 kg/km 300 kg/km 420 kg/km
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density splice rack is shown in Figure 9. Utilizing the 
characteristics of SWR, the splice tray can store 288 
fibers, and the developed splice rack can store up to 
13,824 fibers. SWT was developed as a tube that stores 
an optical fiber unit. As shown in table 6, compared 
with the polyethylene (PE) tube, the wiring workability 
is greatly improved and the wiring volume can be 
reduced. In addition, mass fusion splicing using SWR 

Ultra-high density WTC

Splice rack

FR-WTC

1728 fibers splice tray units

288 fibers splice tray

Fig. 9. Structure of splice rack.
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288 SWR/WTC

SWR/WTC Wiring Package Application Range

19 in Rack for 
patch panel

Splice RackSpecialized Rack for
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Splice Rack

Closure

Fig. 8. Wiring package of SWR / WTC for data centers.

Table 5.   Characteristics of developed WTC with flame 
retardant properties.

Item Condition Result

Low-high 
temperature 

bend

Bending radius: 10D
(D:Cable Diameter)

Temperature: -10 ˚C, +60 ˚C
Turns: 4

< 0.2 dB
No damage

Cable cyclic 
flexing

Bending radius: 10D
(D:Cable Diameter)

Cycle: 25

< 0.2 dB
No damage

Impact

Striking surface: 12.5 mm
Impact energy: 2.9 N · m

Striking count: twice at the 
same place

< 0.2 dB
No damage

Cold impact

Striking surface: 12.5 mm
Impact energy: 2.9 N · m

Striking count: twice at the 
same place

Temperature: -10 ˚C

No damage

Tensile 
strength

Load : 1320 N
30 min

< 60%
<0.2 dB

Load : 396 N
< 20%

<0.2 dB

Compressive 
Strength

100 N/cm 10 min
< 0.2 dB

No damage

Cable twist
Sample length : 1 m

Test angle : ±180 deg
Cycle: 10

< 0.2 dB
No damage

Temperature 
cycling

-20 to +70 ˚C
Cycle : 2

Maximum variation
< 0.05 dB/km

Water 
penetration

Height of water : 1 m
Sample length : 3 m
Test time : 24 hours

Tap water

Pass
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and the excellent handling of SZ bunching enable easy 
connect ultra-high density WTC and FR-WTC for 
higher-density and economical wiring.

6. Conclusion
With SWR / WTC technology, Fujikura developed 

ultra-high density 200 μmF-6912 fibers WTC and 1728 

fibers FR-WTC with excellent flame resistance. Also, 
innovative data center wiring solution using these 
cables and optical components for SWR / WTC is 
proposed.
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Table 6. Comparison between SWT and PE tube.

Item SWT PE tube

Appearance 
(288 fibers/1 tube)

Appearance 
after installation to 

splice rack

Appearance 
before installation Shrank 2 m tube

10 m tube

How to pass SWR 
through tube

Outer diameter j8 mm j10 mm

Bending radius R 50 mm R 150 mm


