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2. SUMMARY

SUEMATSU Yasuharu engaged on basic research intended for the realization and its development of the wide-
band and long-distance optical fiber communication after 1960 [1], by demonstration of the world first optical fiber
communication experiment in 1963 [42], by developing the GalnAsP/InP semiconductors emitting at 1.5um
wavelength for the lowest loss wavelength bad of silica fiber, in 1979 [18]-[20], followed by the demonstration of
the 1.5um single-mode-diode laser (called as dynamic single mode laser) in 1981 [2][23]-[25], as well development
of fundamentals of optoelectronics. In 1983, he achieved the 1.5um phase-shift distributed feedback laser [30] [31],
and in the same year he demonstrated the tangible wavelength tunable diode lasers [29], those have been utilized as

standard laser for the wide-band and long-distance optical fiber communications [4] [5]. Furthermore, he promoted
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the photonic integrated circuits (PICs) by demonstration of integrated lasers [11][13][35].

He engaged for education and management as Professor and President of Tokyo Institute of Technology and
mentored sixty graduate students, and further engaged to establish Kochi University of Technology as President
emphasized for enrichment of the human power of students. He worked for government as Chairperson of Science
and Technology Council, Ministry of Education and Culture.
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. . . . . of silica fiber 1979 [1]
requested to diode lasers for high performance optical fiber communications,

namely, 1) the operating wavelength should be at the lowest loss wavelength band at 1.5um which was fixed during
the early research period, 2) the stable single-mode-operation to reduce the dispersion effect of fiber, and 3) the

wavelength tunability for multiwavelength use which is common in communication technology [3].

3.1 Development of GaInAsP/InP Emitting at 1.5um bl PN equice
As a possible lowest loss band of silica fiber, a wavelength range of 2 7 7
1.4-1.7um had been prediction by D. Keck et al. of Corning, in 1973.In | : /za

response to this prediction, GalnAsP/InP semiconductor emitting at
Fig.2 Single-mode resonator consisted

1.55um wavelength was developed for laser material in 1979 as shown with two distributed reflectors 1974 [10]
in Fig.1, [17]-[20], where that lowest loss wavelength was fixed as 1.55um in the same year by the fiber
development. Transverse mode control of laser diode by dielectric current channel proposed in 1972 [9] was in
practice by use of the buried hetero-structure.

3.2 Development of 1.5um Single-Mode-Diode Laser

In 1974, He and his student found that stable single-mode-diode laser can be
made when two distributed reflectors (DFB, DBR) were jointed together with

designated separation as shown in Fig. 2 [10]. In 1980, 1.5um wavelength

single-mode laser consisted with one distributed Bragg reflector (DBR) and ro= s
one flat mirror, for simplicity, was demonstrated in the first time, as shown in - p e
Fig. 3 [17]-[20]. This achievement triggered the development of the 1.5pum

wavelength DFB lasers with a facet reflector at KDD, NTT, and BTL followed
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Fig. 3 First single-mode-diode laser at 1.5um
these lasers' wavelengthband 1980 [23]
In 1983, the 1.5pum band phase-shift distributed-feedback laser was achieved for demonstration with K. Furuya
et al. as shown in Fig. 4 [31], which consisted of two active distributed reflectors connected face by face, where the

corrugation period was, as a result, shifted by half pitch at the connection portion. The phase-shift DFB lasers were
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fabricated by butch process including the phase-shift section of grating
by photo resist work with electron beam exposure [30], that the

production yield is high to reproduce lasing performance. The lasing

mode is stable against temperature variation that the lasing wavelength

can be tuned by temperature smoothly, as thermo-tunable lasers. Thus, Ve | Sowedfoce
SEM picture S0P,
at phase shift

laser array, consisted of a dozen of phase-shift DFB lasers on a same J portion e
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strained multi-quantum well structure was utilized for the active region.
Fig. 4 First phase-shift distributed feedback

The phase-shift DFB lasers are used under cooled operation to keep the laser at 1.5um wavelength band 1983 [31]

wavelength constant. Thus the phase-shift DFB lasers are utilized world widely as standard laser for the long-

distance fiber communications [2][3]. s e

In contrast, the wavelength tunable laser with electro-tuning was E;., o "
demonstrated in 1983 as shown in Fig. 5 [29], at 1.5um band [33]. Then, jé; .
wider tunable range was achieved by Y. Tohmori and L. Coldren, for dense § N
WDM transmission systems [4]. = e

Furthermore, the distributed reflector laser, abbreviated as DR laser, as b B
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laser is used at 1.3um band (with AlGalnAs/InP) for short distance optical s e w,
network with direct modulation under un-cooled condition. Fig.5 Demonstration of electrically

wavelength tunable lasers 1983 [29]
3.3 Laser Dynamics, PICs and Fiber

This research activity for optical fiber communication had been started just after the appearance of laser, in
1960, thus, many scientific and technical aspects should be understood rigorously. The upper limit of direct
modulation frequency of diode laser was given [6], and the electronic relaxation model of diode laser was
developed so as to find the gain suppression effect [8]. The spontaneous emission factor was formulated [14], and
the dynamic line shift was found [26] in relation with the transmission bandwidth of optical fiber [34].

The active integrated circuit [13] demonstrated in 1977 was called as PICs
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(Photonic Integrated Circuits) in 1987 [35] which has been developing further. \E. 4 A
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mode fiber was around 10pm [16]. In 1992, Hirayama and the author et al ) e
Fig 6 Distributed reflector (DR)

achieved the laser operation of quantum dot structure [39]. In 1986, Chaki and laser 1988 [36]

the author proposed the resonant tunneling electronic device [38], which has been extended to the tera-Herz

oscillator.

3.4 Social Contribution of Research Achievement



The major optical fiber communications are operating at two typical wavelength band.

In the first place, the wavelength band at 1.5um is applied for the wide-band and long-distance fiber
communications, where the phase-shift DFB lasers [30][31] and the wavelength tunable lasers [29][33], both
demonstrated in the first time based on the GalnAsP/InP semiconductor emitting at 1.5um band, which we
developed [18]-[20], have been utilized as standard laser, due to its purity, stability and controllability of lasing
wavelength. Those systems had been developed together with the developments of optical fibers, the high-speed
modulators, the detectors, the optical circuits and components, the electronics, and the modulation schemes [4].

On the other hand, the wavelength band at 1.3um is utilized for the short distance communications, namely LAN
and Data-station et al, where the DR lasers of single-mode operation [36][37], which was demonstrated at this work
are used frequently for the light sources by direct modulation,

Presently, the optical fiber communications bear burden of the information infrastructure and those transmission
performances index, given by the product of the bandwidth and the transmission distance, reached up to a couple of
million times superior compared with that of coaxial cable, which resulted in the drastic reduction of transmission
costs of information. After the middle of 1990, these advancements have been created the network industry such as
Google and Rakuten. The developments of optical communications have been triggered the daily transmission of
large capacity information and became the driving force for the ICT civilization. It is said that the present internet
society may not be achieved without optical fiber communication headed by the 1.5 um single-mode-diode lasers.
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