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Highly-functional Drop/Indoor Optical Cables
Supporting Fiber to the Home Networks

Go Taki,1 Yuto Takahashi,1 Satoru Shiobara,1 Masayoshi Yamanaka,1 and Naoki Okada2

A large number of drop and indoor optical cables are used for lead-in portion of Fiber To 
The Home (FTTH) network connection into a subscriber’s house and for wiring within the 
house. To construct FTTH networks more economically and efficiently, we have developed 
highly functional drop and indoor optical cables. This paper present the details of new drop and 
indoor optical cables.

1. Introduction
According to an announcement from Ministry of In-

ternal Affairs and Communications, over 26 million 
people have subscribed FTTH networks as of March, 
2015, and the FTTH networks in Japan is still expand-
ing. To construct FTTH network more economically, 
various kinds of optical fiber cables were developed 1). 
Number of optical installation is expected to increase. 
Hence, economical and efficient measures for various 
optical wiring installations are in great demand. 

Figure 1 shows an example of wiring into a sub-
scriber’s house. A large number of drop and indoor 
optical cables are used for such optical installation. To 
construct FTTH networks more economically and ef-
ficiently, we have developed highly functional drop 
and indoor optical cables. We have developed Small-
size drop optical cable which features reduced ele-
ment size, allowing economical lead-in wiring between 
closure and subscriber’s house. Furthermore, we have 
also developed SZ-spiral drop optical cable which re-
duces loading under wind pressure and suppresses 
self-excited oscillation on the cable, improving the reli-

ability in strong wind area. On the other hand, we de-
veloped Flat type indoor optical cable using a new 
white weather-resistant flame-retardant jacket materi-
als. The new white cable can be operated without dam-
aging appearances of the interior wall. Moreover, we 
developed Rodent-resistant indoor optical cable which 
is superior in workability for the wiring within a build-
ing.

We will introduce the latest technology of these 
highly-functional drop/indoor optical cables.

2. Highly-functional drop optical cable
2.1  Small-size drop optical cable

A drop optical cable is used to wire between a clo-
sure and a subscriber’s house. In western Japan, it was 
reported that optical fiber in drop optical cable had 
been damaged by Cicadas as shown in Figure 2. We 
carried out the simulation experiment using pseudo-
ovipositor and we also verified practical effectiveness 
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Fig. 1. Schematic of drop and indoor wiring.
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Fig. 2. Cicada laying eggs and damaged optical fiber.

Fig. 3. Experiment method of anti-cicada performance.
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of cicada resistance. Figure 3 shows the breeding case 
test with living cicada. We developed and manufac-
tured the drop cable using flame-retardant hard jacket 
material to protect the optical fiber from cicada  
attacks 2). 

We developed Small-size drop optical cable for bet-
ter cost-effectiveness through reduction of cable size 
and weight. Table 1 shows the comparison of struc-
tures between the conventional cable and the newly 
developed cable. We reduced the cross section area of 
the element by approximately 50 % while retaining its 
mechanical and cicada-resistant characteristics. We 
equalized element size of the developed cable and SZ-
spiral cable in following paragraph, which is designed 
to be compatible with assembly connectors for Small-
diameter low-friction indoor optical cable 3).

When attaching a conventional cable on a pole, it 
was necessary to protect the element from crows at-
tacks with protective spiral tubes. FutureGuide®-BIS- 
B 4), which exceeds the performance of ITU-T G.657 
A2, is applied to the developed cable so that the cable 
can be bent in small radius and can fixed directly on a 
clamping device as shown in Figure 4. With the devel-
opments, the protection tool is simplified and work-
ability has improved. The test results of cable charac-
teristics are listed in Table 2.

2.2  SZ-spiral drop optical cable

When wind blows on a drop optical cable, self-in-
duced oscillation called “galloping” occurs easily due 
to the asymmetric shape of drop cable. And cable gal-
loping often caused breakage of supporting wire in 
strong wind region. It is known that twisting the self-
support type optical cable reduces the wind loading 
and suppresses cable galloping.

For drop cables installed in strong wind area, we de-
veloped SZ-spiral drop optical cable, as shown in Fig-
ure 5, which has the same mechanical and cicada-re-
sistant characteristics as Small size drop optical cable. 
This spiral shape gives its function to reduce wind 
pressure loading, suppresses cable galloping and elim-

inates the need of cable twisting during cable installa-
tion. This function is induced by the lift force of cable 
as shown in Figure 6 varing in longitudinal direction 5).

High strength supporting wire is applied to SZ-spiral 
drop optical cable, which enables wiring between tele-
graph poles. Therefore, extension of installation dis-
tance becomes possible as shown in Figure 7, allowing 
reduction in cost of wiring lead-in. The test results of 
cable characteristics are listed in Table 3.
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Fig. 4. Comparison of clamping method.

Item Conventional Small size drop optical cable

Structure

Optical fiber

Strength member

Supporting wire element

Height

Width

Optical fiber

Strength member

Supporting wire
element

Height

Width

Diameter
Height : 5.3 mm
Width : 2.0 mm

Height : 4.3 mm
Width : 1.6 mm

wight 0.018 kg/m 0.015 kg/m

Table 1. Cross sectional view of Small size drop optical cable.

Item Test condition Result

Transmisson loss 1550 nm <0.21 dB/km

Temprerature 
cycling*

IEC60794-1
Temperature Cycling 

-30~+70° ¥ 3cyc
<0.05 dB/km

Repeated 
bending*

IEC60794-1 Repeated Bending 
R15 mm ¥ 10cyc

<0.05 dB

Crush*
IEC60794-1 Crash 

1200N/25 mm ¥ 1 min
<0.05 dB

Torsion*
IEC60794-1 Torsion 

±90°/1 m
<0.05 dB

Impact*
IEC60794-1 Impact 

3J
<0.05 dB

Flame-retardant
JIS C 3005 
60 degree

Pass

Cicada-resistant Expose to cicada Pass

*Measure wave length 1550 nm

Table 2. The characteristic results of Small size drop optical 
cable.
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3. Highly-functional indoor optical cable
3.1  Flat type indoor optical cable 

In case that something hits the Small-diameter low-
friction indoor optical cables outdoor-wired on interior 
wall, there is some possibility of cable damage and fi-
ber break by impact from the outside. Indoor cable 
has been commonly laid in a protect cover as shown in 
Figure 8. However, we considered that cost reduction 
of the protect cover is a challenge.

To attach indoor cable easily on the wall, we devel-
oped Flat type indoor cable. The developed cable has 
the protection parts on both sides of the cable. Figure 
9 shows the cable structure. The protection parts are 
thicker than the cable element and protects the ele-
ment from external impacts. Moreover, the new cable 
can be fixed easily and directly on a wall, as shown in 
Figure 10, by pinning on the groove. Figure 11 shows 

Supporting wire

Optical cable element

Fig. 5. Schematic of SZ-spiral small size drop cable.

Item Test condition  Result

Transmisson loss 1550 nm <0.21 dB/km

Temprerature 
cycling*

IEC60794-1 
Temperature Cycling 

-30~+70° ¥ 3cyc
<0.05 dB/km

Repeated 
bending*

IEC60794-1 Repeated Bending 
R1510cyc

<0.05 dB

Crush*
IEC60794-1 Crash 1200N/ 

25 mm ¥ 1 min
<0.05 dB

Torsion*
IEC60794-1 Torsion 

±90°/1 m
<0.05 dB

Impact*
IEC60794-1 Impact 

3J
<0.05 dB

Flame-retardant
JIS C 3005 
60 degree

Pass

*Measure wave length 1550 nm

Table 3. The characteristic results of SZ-spiral drop optical 
cable.

Optical cable element White weatherability 
flame-retardant material

Steel 
wire

Optical fiber

Notch

Strength member

Protection 
department

Groove

Fig. 9. Cross sectional view of flat type indoor cable.
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Fig. 8. Conventional installation of indoor cable.
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Fig. 6. Power components acting on cable.
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Fig. 7. Comparison of wiring for drop cable.
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the cable fixed on a wall. Furthermore, low bending 
loss fiber called FutureGuide®-BIS-B, which exceeds 
the performance of ITU-T G.657 A2, is applied to the 
cable and shows little or no attenuation increase even 
small bending radius was induced. An installation 
worker can separate a cable element part and protec-
tion parts easily without special tools and can assem-
ble the field assembly connector for Small-diameter 
low-friction indoor optical cable to the element part af-
ter separation.

We developed the new jacket materials which pos-
sess superior weather-resistant and high flame-retar-
dant while being white color. As promotion testing 
equipment of weatherability, we carried out the weath-
erproof evaluation with Sunshine weathermeter. Fig-
ure 12 shows the results of weather resistance. The 
retentions of the breaking strength and elongation 
were larger than 90 % even after 4000 hours. The mate-
rial satisfied the weather resistance of outdoor-wiring 
and able to match with wall color and cable color, al-
lowing wiring without spoiling the appearance of an 
interior layout. The test results of cable characteristics 
are listed in Table 4.

3.2   Light gray small size stranded multiple indoor op-
tical cable

Stranded multiple indoor optical cable is installed to 
each room from the splitter module in a multiple dwell-
ing house. The cable is installed on an outer wall or 
under an eave without a conduit pipe as shown in Fig-
ure 13. The cable structure consists of plurality of ele-
ments that are stranded on the supporting wire as 
shown in Table 5 6). When an installation worker wires 
the cable at the lead-in portion to subscriber’s house, 
he chooses one element from the cable and connects 
indoor optical cable. In order to wire on an outer wall, 
weather-resistant and flame-retardant are necessary 
for jacket material. The conventional jacket material 
was black flame-retardant polyolefin with black carbon 

Line entrance

Drop optical cable

Cut and take out 
the element

Stranded multipile 
indoor cable

Pole

Spriter Wiring under eave

Fig. 13. Schematic of stranded indoor cable wiring.

Item Test condition Result

Transmisson loss 1550 nm <0.21 dB/km

Temprerature 
cycling*

IEC60794-1
Temperature Cycling 

-30~+60° ¥  3cyc
<0.05 dB/km

Repeated 
bending*

IEC60794-1 Repeated Bending 
R25 mm ¥ 10cyc

<0.05 dB

Crush*
IEC60794-1 Crash 

1200N/25 mm ¥ 1 min
<0.05 dB

Torsion*
IEC60794-1 Torsion 

±90°/1 m
<0.05 dB

Impact*
IEC60794-1 Impact 

3J
<0.05 dB

Flame-retardant
JIS C 3005 
60 degree

Pass

*Measure wave length 1550 nm

Table 4. The characteristic results of Flat type indoor optical 
cable.

Cable
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Wall

Fig. 11. Picture of the cable fixing on wall.

Test condition

Item Condition

Temperature of blackpanel 63˚C

Water spray cycle Water spraying period 18min

Dry period 102min
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Fig. 12. Test results of Cable jacket weatherability.
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added. However, depending on an outer wall color, 
there was a problem that black conventional cable was 
outstanding. 

Hence, we developed Light gray small size stranded 
multiple indoor optical cable. We reduced the element 
size and used the new jacket material which has supe-
rior weather-resistant and high flame-retardant while 
being light gray, improving the appearance after in-
stalling. Light gray color enables the distinction of ele-
ment with optical fiber identifier, which prevent incor-
rect cutting of element when the cable element are 
removed from cable mid-span for lead-in wiring opera-
tions into a subscriber’s house. The test results of ca-
ble characteristics are listed in Table 6.

3.3  Rodent-resisitant indoor optical cable

In case that cable received damage caused by rats in 
building, it is necessary to protect indoor optical cable 
using metal pipes. However, when there is no avail-
able space in the existing pipe to lay the indoor optical 
cable, new plumbing setting is necessary which re-
sults in an increase in construction cost. In order to 
incorporate the rat-resistant function into the cable, 
there are methods that employ metallic tape or metal-
lic wire braided layer as part of cable sheath, and also 
rodent-repellent resin that are blended into cable 
sheath. The method using the metallic tape or wire 
braided layer has disadvantages of increasing the cost, 
diameter and weight of cable and deteriorating the 
workability. Therefore, we developed Rodent-resistant 
indoor optical cable which had the flame-retardant 
polyolefin layer including Capsaicin as rodent-repel-
lent resin.

Figure 14 shows the developed cable structure. The 
cable has a protection layer above the repellent layer, 

this is to prevent installation workers and cable users 
from direct contact with the repellent layer during in-
stallation so it will not cause any skin irritation due to 
Capsaicin. We also adjusted the thickness of jacket 
and the quantity of the fillers, which make possible to 

Item Conventional New

Structure of cable

Optical element Supporting wire Optical element Supporting wire

Structure of element

Notch

Optical fiberSteel wire Optical fiberSteel wire

Notch

Jacket color Black Light gray

Diameter 8.0 mm 6.5 mm

wight 0.15 kg/m 0.05 kg/m

Table 5. Cross sectional view of Light gray colored stranded small size indoor cable.

Item Test condition Result

Transmisson loss 1550 nm <0.21 dB/km

Temprerature 
cycling*

IEC60794-1
Temperature Cycling 

-30~+60° ¥ 3cyc
<0.05 dB/km

Repeated 
bending*

IEC60794-1 Repeated Bending 
R35 mm ¥ 10cyc

<0.05 dB

Crush*
IEC60794-1 Crash 
980N/25 ¥ 1 min

<0.05 dB

Torsion*
IEC60794-1 Torsion 

±90°/1 m
<0.05 dB

Impact*
IEC60794-1 
Impact 3J

<0.05 dB

Flame-retardant
JIS C 3005 
60 degree

Pass

*Measure wave length 1550 nm

Table 6. The characteristic results of Light gray small size 
stranded multiple indoor optical cable.

Small-diameter low-friction
indoor optical cable

Filler

Wrapping tube

Protect layer

Rat-repellent layer

Fig. 14. Cross sectional view of rodent resisitant indoor cable.
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fix the cable on a wall with insulation staples as metal 
wire as shown in Figure 15. We confirmed that devel-
oped cable shows no attenuation increase when we 
hammer staples at 5 places every 20 cm during our 
evaluation. The element can twist in the repellent lay-
er, so that the cable can be bended easily in all direc-
tion. The test results of cable characteristics are listed 
in Table 7.

4. Conclusion
We have introduced the highly functional drop and 

indoor optical cables that improve the workability dur-
ing installation as well as allowing economical and ef-
ficient wiring. We will continue to work on new prod-
ucts corresponding to the diversifying wiring needs, 
and contribute the construction of the FTTH networks 
more economically and efficiently.
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Fig. 15. Cable fixing by staple.

Item Test condition Result

Transmisson loss 1550 nm <0.21 dB/km

Temprerature 
cycling*

IEC60794-1
Temperature Cycling 

-30~+60° ¥ 3cyc
<0.05 dB/km

Repeated 
bending*

IEC60794-1 Repeated Bending 
R25 mm ¥ 10cyc

<0.05 dB

Crush*
IEC60794-1 Crash 
1200N/25 ¥ 1 min

<0.05 dB

Torsion*
IEC60794-1 Torsion 

±90°/1 m
<0.05 dB

Impact*
IEC60794-1 Impact 

5J
<0.05 dB

Flame-retardant
JIS C 3005 
60 degree

Pass

Rodent-resistant Expose to Rodent Pass

Hammer staple 5 place every 20 cm Pass

*Measure wave length 1550 nm

Table 7. The characteristic results of Rodent-resisitant indoor 
optical cable.


