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Bend-insensitive Optical Fiber: FutureGuide®-BIS-B

Tomohiro Nunome,1 Sho Endo,1 Kazuya Hiramatsu,1 Yasuko Sugimoto,1 Shoichiro Matsuo,1 
Keisuke Uchiyama,2 and Kazuhiro Yokota2

We have developed a bend-insensitive optical fiber with a trench index profile, which is called 
FutureGuide®-BIS-B. The bending losses at bending radius of 7.5 mm of the fiber are compliant 
with ITU-T G.657.B and are one-tenth as large as that of a single-mode optical fiber employing 
a step index profile with the same MFD as the bend-insensitive fiber. Since the MFD of the 
fiber is compliant with G.652.D, the splice loss with the conventional single-mode fiber is low 
enough for practical use. FutureGuide®-BIS-B is expected to be widely used in access networks, 
in which the conventional single-mode fiber is used.

1. Introduction
Fiber-to-the-home (FTTH) service has been increas-

ing rapidly in Japan. The number of FTTH subscribers 
exceeded 15 million in March in 2009 1). Recently, vari-
ous new services such as multi-channel broadcasting 
and a high-definition video-on-demand service have 
been provided over the FTTH network. The large 
transmission capacities for the services also drive a 
spread of FTTH service. In overseas, broadband ser-
vice has begun to change from digital subscriber line 
(DSL) service to FTTH service. In particular, FTTH 
service in China and the United States has expanded 
remarkably. The market of FTTH service will continue 
to grow worldwide in future.

A conventional single-mode optical fiber (C-SMF), 
which is compliant with International Telecommunica-
tion Union Telecommunication Standardization Sector 
(ITU-T) Recommendation G.652, is widely used for 
FTTH systems. An allowable bending radius of the C-
SMF is normally 30 mm in consideration of a bending 
loss and a mechanical reliability. If the C-SMF is bent 
smaller than the allowable bending radius, a consider-
able bending loss of the fiber may affect the system 
performance. Therefore, it is necessary to handle the 
C-SMF carefully during the installation of the fiber. 
Constructors having special skills have to carry out all 
installation of C-SMF from drop cables to indoor ca-
bles at home. It is important to develop an easy and 
economical way to install optical fibers for accurate 
spread of FTTH service. The bending loss of an optical 
fiber is recognized as one of the key characteristics of 
the optical fiber for FTTH. A solution for the issue is a 
bend-insensitive fiber (BIF).

The BIF has some advantages in the installation of 
optical cables. If the BIF is applied at home network, it 
enables FTTH users to install a patch cord by them-
selves. Another advantage of the BIF is in telecom of-
fice, where it can prevent a momentary service inter-
ruption if an installation engineer accidentally bends 
an optical fiber in operation. The BIF is expected to 
reduce installation and maintenance costs of access 
networks that support FTTH service.

In this paper, a novel BIF for access networks, which 
is called FutureGuide®-BIS-B, is presented. At first, an 
ITU-T new recommendation for a BIF is described. 
The advantage of a trench index profile against a step 
index profile is introduced by a simulation in terms of 
a MFD and a bending loss in the following section. Fi-
nally, typical characteristics of FutureGuide®-BIS-B 
are presented.

2.  ITU-T G.657 : Characteristics of a bending 
loss insensitive single mode optical fibre and 
cable for the access network
ITU-T standardized a new recommendation of G.657 

for a BIF in December 2006. The aim of G.657 is to 
optimize characteristics of an optical fiber for access 
network by strongly recommending improvements in 
bending performance compared with the existing 
G.652 single-mode fiber. Table 1 summarizes the at-
tributes of G.652.D and G.657. Conventional G.652 
only recommends a bending loss at a bending radius 
of 30 mm and a wavelength of 1625 nm. On the other 
hand, bending losses at small bending radii of less 
than 15 mm are specified in G.657.

The G.657 is categorized into class A (G.657.A) and 
class B (G.657.B) according to bending losses and 
bending radii. G.657.A defines bending losses at bend-
ing radii of 15 and 10 mm. In addition, the G.657.A fi-
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ber should be compliant with G.652.D in terms of 
chromatic dispersion, mode field diameter (MFD) and 
OH loss. The G.657.A can be used in other parts of the 
network. G.657.B adds the specification of bending 
losses at bending radius of 7.5 mm and specifies bend-
ing losses lower than those of G.657.A at bending radii 
of 15 and 10 mm. However, its compatibility with 

G.652.D is not required. The G.657.B is predominantly 
intended for in-building use.

3.  Fiber design for low-bending loss and low-
splice loss fiber
Figure 1(a) represents a step index profile, which is 

a popular index profile used for a C-SMF. A thin line in 

Table 1. Attributes of ITU-T G.652.D and G.657.

Item G.652.D G.657.A G.657.B

Attenuation (dB/km)

1310 nm £ 0.4 £ 0.4 £ 0.5

1383 nm -

1550 nm £ 0.3 £ 0.3 £ 0.3

1625 nm - - £ 0.4

Cable cutoff wavelength (nm) £ 1260 £ 1260 £ 1260

Mode field diameter at 1310 nm (μm)
8.6-9.5

(tolerance ±0.6)
8.6-9.5

(tolerance ±0.4)
6.3-9.5

(tolerance ±0.4)

Cladding diameter (μm) 125 ± 1 125 ± 0.7 125 ± 0.7

Zero chromatic dispersion (nm) 1300 - 1324 1300 - 1324 TBD

Zero chromatic dispersion slope (ps/nm2/km) £ 0.092 £ 0.092 TBD

Bending loss
(dB)

R=30 mm¥100 turn 1625 nm £ 0.1 - -

R=15 mm¥10 turn
1550 nm - £ 0.25 £ 0.03

1625 nm - £ 1 £ 0.1

R=10 mm¥1 turn
1550 nm - £ 0.75 £ 0.1

1625 nm - £ 1.5 £ 0.2

R=7.5 mm¥1 turn
1550 nm - - £ 0.5

1625 nm - - £ 1

      The sampled attenuation average at this wavelength shall be less than or equal to the maximum value 
specified for the range, 1310 nm to 1625 nm, after hydrogen ageing.

Cladding

Inner cladding

Outer cladding

Trench

(a) Step index profile (b) Trench index profile

Core Core

Fig. 1.  Refractive index profiles of a step fiber and a trench fiber.

**

*

Panel 1. Abbreviations, Acronyms, and Terms.

FTTH–Fiber To The Home
DSL–Digital Subscriber Line
ITU-T–International Telecommunication Union 

Telecommunication  Standardization Sector

SMF–Single Mode Optical Fiber
MFD–Mode Field Diameter
IEC–International Electrotechnical Commission
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Fig. 2 shows simulated bending losses of a fiber with 
the step index profile as a function of MFD at 1310 nm. 
The line obviously shows a trade-off relationship be-
tween a bending loss and a MFD.

A splice loss is a key parameter for designing an op-
tical fiber. The MFD of an optical fiber is one of the 
origins of a splice loss. If single-mode fibers have 
Gaussian electric fields, the splice loss between two 
fibers is calculated by Equation (1) 2)

           (1)

where T is a power transmission coefficient, 2w1, 
2w2 are MFDs of the fibers, and d is a lateral offset 
between the centers of electric fields of the fibers. Fig-
ure 3 shows the calculated splice losses between a C-
SMF (MFD; 9.2 μm at 1310 nm) and an optical fiber 
having different MFDs. In the calculation, the offset d 
is treated as 0. If MFD of a step index fiber becomes 
smaller for reducing a bending loss, a splice loss be-
tween the step index fiber and the C-SMF becomes 

larger. The calculated splice loss between the C-SMF 
and a step index fiber with MFD of 8.6 μm at 1310 nm, 
which is compliant with G.652, was 0.02 dB. This re-
sult indicates that an optical fiber with MFD of 8.6 μm 
at 1310 nm can realize a low bending loss and a low 
splice loss to the C-SMF simultaneously. FutureGuide®-
SR15E3), designed in accordance with the concept, is 
compliant with G.657.A.

  If we tried to realize the more reduced bending loss 
with the step-index profile, the large splice loss with 
C-SMF became a serious problem for practical use. 
We have proposed a new BIF with a trench index pro-
file (trench fiber), which is shown in Fig. 1(b), to real-
ize a low bending loss and a low splice loss simultane-
ously 4)–11). A bold line in Fig. 2 shows simulated 
bending losses of a trench fiber as a function of MFD 
at 1310 nm. The bending losses of the trench fiber are 
one-tenth as large as that of a C-SMF with a step index 
profile at a bending radius of 7.5 mm.

  In this development, we target on a BIF that is fully 
compatible with both G.657.B and G.652.D by using a 
trench index profile. The compatibility with G.652.D 
enables the BIF to be applied widely in FTTH net-
works.

4.  Optical Characteristics of FutureGuide®-
BIS-B
 Table 2 shows typical characteristics of 

FutureGuide®-BIS-B. The attenuations, the MFDs and 
the chromatic dispersion of the fiber are compliant 
with G.652.D. Moreover, the bending losses at each 
bending radius and wavelength are satisfied with 
G.657.B. Figure 4 shows measured bending losses at 
1550 nm as a function of bending diameters. Solid 
symbols and open symbols indicate the bending losses 
of FutureGuide®-BIS-B and FutureGuide®-SR15, re-
spectively. At bending radii smaller than 10 mm, the 
bending loss of FutureGuide®-BIS-B is one-tenth as 

Fig. 2. Simulated bending losses at wavelength of 1550 nm as 
a function of MFD at 1310 nm for a step index fiber (thin line) 

and a trench index fiber (bold line).
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Fig. 3.  Calculated splice loss between a C-SMF and optical 
fibers having different MFDs as a function of MFD at 1310 nm.
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Fig. 4. Measured bending losses at 1550 nm as a function of 
bending diameter on FutureGuide®-BIS-B (solid symbols) and 

FutureGuide®-SR15 (open symbols).
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large as that of FutureGuide®-SR15E.
 Figure 5 shows measured fusion splice losses be-

tween FutureGuide®-BIS-B and a C-SMF (MFD at 
1310 nm; 9.24 μm). A commercially available fusion 
splicer (Fujikura Ltd.; FSM-50S) is employed for the 
splice test with the standard splice condition for C-
SMF. Both maximum splice losses at 1310 and 1550 
nm were 0.04 dB for 20 samples. The measured splice 
losses show similar values with the calculation results. 
These results indicate that FutureGuide®-BIS-B shows 
high compatibility with a C-SMF in terms of splice 
characteristics.

Figure 6 shows a typical attenuation spectrum of 
FutureGuide®-BIS-B after a hydrogen ageing test. The 
hydrogen ageing test is executed using the method of 
International Electrotechnical Commission (IEC); 
IEC60793-2-50. Because the attenuation at 1383 nm af-

Table 2.  Typical characteristics of FutureGuide®-BIS-B.

Item Measured G.652.D G.657.B

Attenuation (dB/km)

1310 nm 0.337 £ 0.4 £ 0.5

1383 nm 0.274 - -

1550 nm 0.187 £ 0.3 £ 0.3

1625 nm 0.196 - £ 0.4

Cable cutoff wavelength (nm) 1246 £ 1260 £ 1260

Mode field diameter at 1310 nm (μm) 8.60
8.6-9.5

(tolerance ±0.7)
6.3-9.5

(tolerance ±0.4)

Cladding diameter (μm) 125.1 125±1 125±0.7

Zero chromatic dispersion (nm) 1311 1300 - 1324 TBD

Zero chromatic dispersion slope (ps/nm2/km) 0.086 £ 0.092 TBD

Bending loss
(dB)

R=30 mm¥100 turn 1625 nm - £ 0.1 -

R=15 mm¥10 turn
1550 nm 0.01 - £ 0.03

1625 nm 0.04 - £ 0.1

R=10 mm¥1 turn
1550 nm 0.01 - £ 0.1

1625 nm 0.02 - £ 0.2

R=7.5 mm¥1 turn
1550 nm 0.04 - £ 0.5

1625 nm 0.09 - £ 1
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Fig. 5. Fusion splice losses between FutureGuide®-BIS-B and C-SMF.
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Fig. 6. Typical attenuation spectrum of FutureGuide®-BIS-B 
after a hydrogen ageing test.
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ter a hydrogen ageing test was 0.275 dB/km, 
FutureGuide®-BIS-B is compliant with G.652.D. In ad-
dition, the increase in attenuation at 1383 nm after a 
hydrogen ageing test was as small as 0.01 dB/km.

5. Conclusion
 We have developed a new BIF with a trench index 

profile, which is called FutureGuide®-BIS-B. The bend-
ing loss suppression and splice loss suppression of an 
optical fiber with the trench index profile against an 
optical fiber with a conventional step index profile has 
been presented by simulation. The manufactured BIF 
is fully compatible with both G.652.D and G.657.B. 
Bending losses of the BIF are lower than those of C-
SMF with a step index profile at small bending radius. 
Since the MFD of fiber is compliant with G.652.D, 
splice losses between the BIF and the C-SMF are low 
enough for practical use. FutureGuide®-BIS-B is ex-
pected to be used widely in access networks.
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