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Small-Diameter 1000-Fiber Optical Cables 

Kouji Tomikawa1, Etsuo Ino2, Daiki Takeda1, Ken Ohsato1, Keiko Mitsuhashi3,
and Naoki Okada1

In Japan, lack of duct space for optical cable has become a critical problem, especially 
around the central office. In order to overcome this problem, it would be effective to redesign 
optical cables with small diameter and high packing density. Therefore, we developed new 
1000-fiber cables. The diameters of new cables were reduced by more than 20% compared 
with that of the conventional 1000-fiber cables. As a result, three 1000-fiber cables can be 
installed in a duct (inner diameter f75mm) that is usually capable of accommodating only two 
conventional 1000-fiber cables.

1. Introduction
Due to rapid expansion of FTTH networks, more op-

tical fiber cables are required to be installed especially 
around the central data office. In this area, optical fiber 
cables are installed into the underground ducts but 
the duct space is usually limited. For additional optical 
fiber cable installation, the following two methods may 
be proposed. One is to construct new ducts and an-
other is to install additional cables in the existing duct 
that usually has narrow space. However, due to high 
costs, it is not easy to construct new ducts. In order to 
use the existing duct efficiently, the fiber count in that 
duct should be maximized. Therefore, we tried to re-
duce the diameter of 1000-fiber cable, which is the 
highest fiber count cable used in Japan.

 In this paper, we have described the design method 
of a small-diameter 1000-fiber cable and evaluated  its 
performance. 1) 2)

2. Cable design
Figure 1 shows the cross-sectional view of the small-

diameter 1000-fiber cable. The cable structure is based 
on the conventional 1000-fiber cable. The cable con-
sists of the slotted rod extruded on a central strength 
member, 8-fiber ribbons housed in 13 slots (ten layers 
stacked in one slot), water-blocking tape wrapped 
around the core to prevent water ingression, and 
sheath material extruded over the tape.

In order to develop small-diameter 1000-fiber cables, 
it is necessary to change some parameters while main-
taining good transmission properties and mechanical 
characteristics. To achieve small-diameter 1000-fiber 
cables, we considered the following parameters: 
 · BIF

 · Ultimate thin-coated ribbon
 · Miniaturized slotted rod
 · High abrasion resistance and high flame retardant 

sheath

2.1 Optical fiber

In order to achieve small-diameter 1000-fiber cables, 
we need to house the optical fibers more compactly as 
compared with conventional cables. In this case, high-
er stress may be added to the fibers; therefore, the 
loss increase may occur. To avoid high attenuation, we 
need to use BIF (SR15). BIF is effective to prevent 
degradation of transmission characteristics.

2.2 Fiber ribbon

We have developed the ultimate thin-coated 8-fiber 
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Fig. 1. Cross-section of small-diameter 1000-fiber cable.
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Fig. 2. Schematic view of conventional fiber ribbon and new 
fiber ribbon.
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ribbon. The schematic view of the conventional fiber 
ribbon and the new fiber ribbon is shown in Fig. 2. Rib-
bon thickness and width were reduced 15% and 10%, 
respectively, as compared to the conventional fiber 
ribbon. This newly developed 8-fiber ribbon can be di-
vided into two 4-fiber ribbons easily in order to splice 
not only the conventional 8-fiber ribbon but also the 
conventional 4-fiber ribbon.

2.3 Slotted rod

Slotted rod diameter reduction directly leads to the 
cable diameter reduction. We designed and manufac-
tured miniaturized slotted rod by considering clear-
ance between slot and ribbon stack and slot rib thick-
ness. 

2.3.1 Clearance between slot and ribbon stack

The clearance between slot and ribbon stack de-
fined as shown in Fig. 3 is an important parameter to 
get good transmission properties. 

To find out optimum clearance value, we manufac-
tured several trial cables with different clearance val-
ues as shown in Table 1.

These trial cables underwent temperature cycling 

test. Loss changes at 1.55 μm were measured and the 
maximum loss increases during test are plotted in Fig. 
4.

The result shows that the loss change is affected by 
fiber type and slot clearance. SR-15 fiber is effective for 
small clearance compared with conventional SM fiber. 
From the result, we can also find out the optimum 
clearance to maintain good temperature characteris-
tics by using ultimate thin-coated ribbon and SR-15 fi-
ber. The slot clearance can be reduced about 40% com-
pared with conventional fiber.

2.3.2 Slot rib thickness

Slot rib thickness reduction is also effective to re-
duce slotted rod diameter, as shown in Fig. 5. Howev-
er, as mechanical strength of the cable is affected by 
slot rib thickness reduction we investigated optimum 
thickness to get good mechanical strength. Based on 
our evaluation, we successfully reduced the rib thick-
ness 20% compared with conventional slotted rod. 

Fig. 3. Clearance between slot and ribbon stack.
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Fig. 4. Relation between slot clearance and attenuation.
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Fig. 5. Reduction of slot rib thickness.
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Table 1. Features of trial cables.

Item Conventional cable Trial 1 Trial 2 Trial 3 Trial 4

Fiber
Conventional

SM
SR-15

Conventional 
SM

8-fiber 
ribbon

Conventional 
ribbon

Ultimate thin-coated ribbon

Clearance* 1.0 0.3 0.6 0.6 0.9

Sheath LLDPE

*Relative value.

Panel 1. Abbreviations, Acronyms, and Terms.

FTTH–Fiber To The Home
BIF–Bend Insensitive Fiber
SR-15–FutureGuide™-SR15
SM–Single Mode
FR–Flame Retardant

PE–Non-flame Retardant Polyethylene
LLDPE–Linear Low-Density Polyethylene
JIS–Japanese Industrial Standards
IEC–International Electrotechnical Commission
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2.4 Flame retardant Sheath

A conventional FR sheath cable was designed thick-
er than non-flame retardant sheath cable because con-
ventional FR sheath had low abrasion resistance prop-
erty and required more thickness to pass flame 
retardant test. In order to reduce the sheath thickness 
of FR cable, we developed high abrasion resistance 
and high flame retardant sheath material. Properties 
of conventional FR sheath material and new FR sheath 
material are shown in Table 2. This new FR sheath ma-
terial has yield strength around 1.6 times higher than 
that of the conventional one. Also, it has better flame 
retardant properties compared with conventional FR 
sheath material. We performed the abrasion resistant 
test and the flame retardant test.

We evaluated abrasion resistance for both conven-
tional FR sheath cable and the new FR sheath cable 
according to the JIS C 3005. Figure 6 shows the test 
method of the abrasion properties. We measured the 
amount of abraded sheath after this test. The results 
are shown in Fig. 7. The abrasion resistance property 
of the new FR sheath is 30% higher than that of the 

conventional FR sheath.
The flame retardant property of new cable was eval-

uated in accordance with JIS C 3521. The extent of fire 
damage was less than 0.8 m. The new FR sheath cable 
shows good flame retardant property.

3. Cable performance
Based on the above-mentioned consideration, two 

small-diameter 1000-fiber cables were manufactured 
and their performance was evaluated. One was PE 
sheath cable and another was FR sheath cable.

3.1 Mechanical characteristics

Mechanical characteristics of trial cables were eval-
uated according to the IEC 60794-1-2. The test condi-
tions and results are listed in Table 3. Trial cables 
showed good mechanical characteristics.

3.2 Temperature cycling test

Figure 8 shows the result of temperature cycling 
test between -30°C and +70°C. Within this specified 
temperature range, maximum attenuation was less 
than 0.24 dB/km at 1.55 μm. Both trial cables exhibit-
ed good attenuation properties under the wide tem-
perature range.

4. Comparison of conventional cables
The results of size reduction are shown in Fig. 9. 

Table 2. Properties of FR sheath materials.

Item Conventional material New material

Yield strength* 1.0 1.6

Tensile strength* 1.0 1.2

Oxygen index* 1.0 1.1

*Relative value.

Table 3. Results of cable mechanical tests.

 Mechanical 
test

Test condition
Result (dB)

PE sheath cable FR sheath cable

Bending under 
tension

R 600, 3430 N, 
4 cycle

<0.01 <0.01

Bending R = 320 mm <0.01 <0.01

Crush 1.96 kN/100 mm <0.01 <0.01

Torsion 1m ±  90° <0.01 <0.01

Impact
1 kg weight, 
1 m height

<0.01 <0.01

(at 1.55 μm)

Fig. 6. Cable abrasion test set-up.
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Fig. 7. Results of cable abrasion test.
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Fig. 8. Temperature cycling test results.
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The PE sheath cable diameter was reduced 21% com-
pared with the conventional PE sheath cable, and the 
new FR sheath cable diameter was reduced 24% com-
pared with conventional FR sheath cable.

Due to the cable diameter reduction, the cables be-
came more flexible as compared to the conventional 
cables. We measured cable stiffness according to 
IEC60794-1-2. The results are shown in Fig. 10. The 
stiffness of small-diameter 1000-fiber cables was 30% 
lesser than that of conventional cables. As a result, the 
handling of small-diameter 1000-fiber cables was easi-
er than that of conventional cables.

Moreover, two additional small-diameter 1000-fiber 
cables can be installed in a duct (f75mm) that has al-
ready been installed with a conventional cable, as 
shown in Fig. 11.

5. Conclusion
We managed to reduce the diameter of the new 

1000-fiber cables more than 20% compared with con-
ventional 1000-fiber cables. Using BIF, ultimate thin-
coated ribbon, miniaturized slotted core and high 
abrasion resistance and high flame retardant sheath, 
we got excellent cable performances. Finally, we can 
realize the installation of three 1000-fiber slotted ca-
bles  in the existing duct (f75 mm) space, which is ef-
fective in cost reduction for FTTH network construc-
tion. 
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Fig. 10. Comparison of cable stiffness.
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Fig. 11. Installation in the existing duct ( 75 mm).
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Fig. 9. Results of size reduction.


