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per 100°C decrement in fictive temperature, as illustrated 
in Fig. 8. Since the extremely low-loss fiber described in 
this report is on the same trend line, it has been revealed 
that the extremely low-loss feature was enabled by the 
reduced density fluctuation represented by fictive tempera-
tures.

4. Future Developments

Steady efforts have been made for more than 30 years 
to reduce the transmission loss of pure-silica-core fibers 
(PSCF). The reduction of 0.004 dB/km achieved in two 
years by the present extremely low-loss fiber is notably rapid 
in the history of PSCF. In recent years, PSCF has been in 
wide use for submarine and long-distance terrestrial cable 
applications. This has been promoting rapid improvements 
in transmission loss of commercial PSCF. It is expected 
that an extremely-low transmission such as those presented 
here would also become available in commercial PSCFs in 
the near future.

Meanwhile, one limiting factor to the transmission 
capacity of a trans-oceanic submarine cable is the electric 
power for regenerating optical power lost due to the trans-
mission losses of optical fiber. For improved power effi-
ciency, it is effective to reduce optical power per fiber by 
using more fibers in the cable.(25) Therefore, cables 
containing higher count of fibers or multi-core fibers will 
be needed. In either case, low-loss optical fibers will funda-
mentally improve power efficiency and are expected to 

become increasingly important. We have been working for 
low-loss multi-core fibers, achieving the lowest loss of 
0.158 dB/km for the multi-core fibers.(27) We intend to 
continue working on developing the technology to 
contribute to future high-capacity systems.

5. Conclusion

Sumitomo Electric pioneered the development of 
pure-silica-core fibers for achieving low transmission 
losses and has contributed to the growth of submarine cable 
networks. Moreover, by reducing the density fluctuation of 
pure silica core, we have realized the world's first optical 
fiber featuring an extremely low transmission loss of 0.14 
dB/km.

• ‌�Z-PLUS Fiber is a trademark or registered trademark of Sumitomo Electric  
Industries, Ltd.

Technical Terms
＊1	� Nonlinear refractive index: The refractive index of a 

medium changes slightly depending on optical power 
density. The nonlinear refractive index is the 
coefficient between the power density and changes in 
the refractive index. 

＊2	� Effective core area: In an optical fiber, optical power 
density is distributed to be the highest at the center of 
the core and to decrease towards the periphery. The 
effective core area is the area of distribution of the 
same overall power distributed at uniform density so 
as to exhibit equivalent nonlinearity.

＊3	� Mode-field diameter: The distribution range of 
optical power in an optical fiber.
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