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Outline of the work:

Optical communication with an optical fiber which transmits signals of a semiconductor laser diode (LD)
was initially operated at an wavelength of 0.84 micrometer. The transmission loss was lowest at this
wavelength that was 20 decibel/kilometer. Reduction in transmission loss of the optical fiber was achieved by
improving the purity of silica and the fabrication processes. Then the minimum loss of less than 0.2 decibel/
kilometer was found at a longer wavelength of 1.5-1.6 micrometer. It allowed the long-distance optical
communication as long as 100 kilometer.

Repeaters are required for optical communication for a longer distance. Then the received optical signal at
a repeater was detected and the signal was electrically amplified, which modulated the next LD to be
transmitted to the next repeater. Thus the signal bandwidth was limited by the electrical amplifier that was a
few gigahertz. The repeater for transmission with wavelength division multiplexing (WDM) required multiple
electrical amplifiers or a wide-band optical amplifier. The optical amplifier at that time in the 1980’s was
pumped by an argon-ion laser or a color-center laser which was operated with liquid-nitrogen cooling. They
were bulky, costly and unreliable so that they were unable to be used for optical repeaters.

Prof. Masataka Nakazawa had a conception of using an erbium-doped fiber amplifier (EDFA) which was
pumped by a semiconductor laser diode in 1984. He built a compact and efficient erbium-doped fiber
amplifier pumped by a 1.48 micrometer InGaAsP laser diode in 1989. It had a bandwidth of no less than 100
nanometer (ca. 13 terahertz) with low noise and high gain. Besides, he demonstrated a long-distance error-
free soliton transmission with erbium-doped fiber amplifiers and repeaters.

Erbium-doped fiber amplifiers and repeaters have now been used world-wide in submarine optical cables
across the pacific ocean and the atlantic ocean as well as in surface cables for ultrahigh-speed optical
communication systems. In 2000 he demonstrated a world-record of 1.28 terabits/second optical transmission
by using short-pulse high-repetition-rate erbium-doped laser. Prof. Nakazawa achieved optical frequency
stabilization with an absorption line of acetylene and femtosecond pulse generation with the erbium-doped
fiber amplifiers. Recently he demonstrated 1024 quadrature-amplitude-modulation (QAM) single carrier
coherent optical transmission over 525 kilometer. It has achieved the highest efficiency in frequency-
bandwidth of 14 bits/sec./hertz, compared with the former efficiency of ca. 0.1 bits/sec./hertz.
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His contribution to optical information processing such as optical time-domain Fourier transformation,
polarization-multiplexed phase-shift keying and quadrature-amplitude-modulation coherent optical trans-
mission must also be mentioned. Development of ultrahigh-speed optical communication systems has allowed
rapid increase in information capacity of 40 percent/year. Ubiquitous use of cell phones and computers has
thus been realized in the present society.

Prof. Nakazawa has been highly recognized within the international and domestic community as a leading
person for optical communication in the future. His contributions have been published in a number of
international journals as well as invited papers in international conferences. Prof. Nakazawa has been awarded
so many prizes and obtained so many patents that may not be mentioned.
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