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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 GaInAsP/InP semiconductors emitting at 1.5μm 

wavelength for the lowest loss wavelength bad of silica fiber, in 1979 [18]-[20], followed by the demonstration of 

the 1.5μm 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 1.5μm 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.  

 

 3．RESERCHES   

  Light is an electromagnetic wave specified as the highest frequency under 

human control, and superior for higher performance communication 

compared with radio waves. SUEMATSU engaged on basic research 

intended for the realization and its development of wide-band and long-

distance optical fiber communication after 1960 [1]. In the early day of this 

research, he pointed out that following three performances should be 

requested to diode lasers for high performance optical fiber communications, 

namely, 1) the operating wavelength should be at the lowest loss wavelength band at 1.5μm 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 1.5µｍ  

  As a possible lowest loss band of silica fiber, a wavelength range of 

1.4-1.7μm had been prediction by D. Keck et al. of Corning, in 1973. In 

response to this prediction, GaInAsP/InP semiconductor emitting at 

1.55μm wavelength was developed for laser material in 1979 as shown 

in Fig.1, [17]-[20], where that lowest loss wavelength was fixed as 1.55μm 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 1.5μm 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, 1.5μm wavelength 

single-mode laser consisted with one distributed Bragg reflector (DBR) and 

one flat mirror, for simplicity, was demonstrated in the first time, as shown in 

Fig. 3 [17]-[20]. This achievement triggered the development of the 1.5μm 

wavelength DFB lasers with a facet reflector at KDD, NTT, and BTL followed 

by long-distance fiber communication experiment with direct modulation of 

these lasers.   

   In 1983, the 1.5μm 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, 

laser array, consisted of a dozen of phase-shift DFB lasers on a same 

chip with different central wavelengths, have been utilized to cover the 

commercial wavelength band at the lowest loss region [4]. Later the 

strained multi-quantum well structure was utilized for the active region. 

The phase-shift DFB lasers are used under cooled operation to keep the 

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

distance fiber communications [2][3].  

           In contrast, the wavelength tunable laser with electro-tuning was 

demonstrated in 1983 as shown in Fig. 5 [29], at 1.5μm band [33]. Then, 

wider tunable range was achieved by Y. Tohmori and L. Coldren, for dense 

WDM transmission systems [4].  

   Furthermore, the distributed reflector laser, abbreviated as DR laser, as 

shown in Fig. 6 [36][37], was proposed and demonstrated in 1988, to improve 

the power efficiency. The DR laser consists with active and passive 

distributed reflectors, thus the light is emitted from only one side facet. Due 

to its high operational efficiency and high direct modulation capability, DR 

laser is used at 1.3μm band (with AlGaInAs/InP) for short distance optical 

network with direct modulation under un-cooled condition. 

 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 

(Photonic Integrated Circuits) in 1987 [35] which has been developing further. 

The random bend loss caused by cabling process of optical fiber was 

formulated theoretically and found that the allowable core diameter of single 

mode fiber was around 10μm [16]. In 1992, Hirayama and the author et al 

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

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

   In the first place, the wavelength band at 1.5μm 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 GaInAsP/InP semiconductor emitting at 1.5μm 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 1.3μm 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 1.5μm single-mode-diode lasers.             

 4. SPECIAL REMARKS  

 This work was heavily supported at its early time of research by YAMAZAKI Teiji, President of TDK of those 

day, requested with KAWAKAMI Masamitsu, Dean of Engineering of the Tokyo Tech., and with installations of the 

Electron Beam Exposure System by the University Expenses and the Spectrometer of Perkin Elmer by the first year 

installation cost of establishment of the new Department of Physical Electronic, daily warm support of Senior 

Professors SUETAKE Kunihiro and KISHI Genya, and later by support of the Special Promotion Research of 

Ministry of Education with Professor SAITO Shigebumi of the University of Tokyo. The author had been 

encouraged by the extra-ordinary circumstance so as to make challenge toward high goal of research. In the last, 

Suematsu wish to express cordial gratitude to who supported this research, and also thanks to whom cooperated 

research together. 

 5．REFFERENCES  
[1]  Yasuharu Suematsu, "Long-Wavelength Optical Fiber Communication," (Invited), Proc. IEEE, Vol.71, No.6, pp.692-721, June 1983.  

[2]  Y. Suematsu, “Dynamic Single Mode Lasers,” Journal of Lightwave Technology, vol. 32, no. 6, pp. 1144-1158, March 2014. 

[3] Yasuharu Suematsu, “Looking Back on Researches on Optical Communications and Semiconductor Lasers: Toward Information and 

Communication Society,” Proc. IEICE, vol.98, no.6, pp.445-453, June, 2015. 

[4] Yasuharu Suematsu, “Evolution of Dynamic Single Mode Lasers for Full Scale Optical Fiber Communications,” Inst. Electron. Inform. Comm. 

Engrg.,vol.J100-C, no.10, pp.424-436, 2017.  

[5] Y. Suematsu, “Demonstration of the Optical Fiber Communications at an event of the Open House at Anniversary of Foundation, Tokyo Institute 

of Technology, May 26, 1963,” Tokodai Chronicle, issued by Tokyo Institute of Technology, pp. 3–4, Oct. 1986.   

[6] T. Ikegami and Y. Suematsu, "Resonance-Like Characteristics of the Direct Modulation of a Junction Laser," Proc. IEEE, Vol.55, No.1, pp.122-

123, Jan. 1967. 

[7] Y. Suematsu, "Tunable Parametric Oscillator Using a Guided Wave Structure," Japan. J. Appl. Phys., Vol.9, No.7, pp.798-805, July 1970. 

[8] Y. Nishimura, K. Kobayashi, T. Ikegami, and Y. Suematsu, "Axial-Mode Interactions in a Semiconductor Laser," Tech. Rept. Quantum Electronics, 

IECE of Japan, Vol.QE71, No.22, pp.1-14, Sep. 1971. 

[9] Y. Suematsu and M. Yamada, “Transverse mode control in semiconductor laser,” IEEE Semiconductor Laser Conf., May 16, 1972, 

[10] Yasuharu Suematsu and Kenji Hayashi, ”General analysis of distributed Bragg reflector and laser resonator using it,” National Convention of 

the Institute of Electronics and Communication Engineer, 1200, p.1203, July 25-27, 1974.  

[11] Y.Suematsu, M.Yamada, and K.Hayashi,"A Multi-Hetero-AlGaAs Laser with Integrated Twin-Guide," Proc.IEEE,Vol.63,No.1,pp.208-209, Jan. 

1975. 

[12]. Y. Itaya, Y. Suematsu, and K. Iga, "Carrier Lifetime Measurement of GaInAsP/InP Double-Heterosturcture Lasers," Japan, J. Appl. Phys., Vol.16, 



5 

 

No.6, pp.1057-1058, June 1977. 

[13] Yasuharu Suematsu, "Monolithic Integration of Optical Circuits and Related Twin-Guide Lasers,” International Conference of Integrated Optics 

and Optical Communications, B1-1, Tokyo, July 1977. 

[14] Y.Suematsu and K.Furuya, "Theoretical Spontaneous Emission Factor of Injection Lasers," rans.IECE of Jp,Vol.E60,No.9,pp.467-472(Sep. 1977). 

[15]. H. Kawanishi, Y. Suematsu, Y, Itaya, and S. Arai, "GaxIn1-xAsyP1-y-InP Injection Laser Partially Loaded with Distributed Bragg Reflector," Japan. 

J. Appl. Phys., Vol.17, No.8, pp.1439-1440, Aug. 1978. 

[16] K. Furuya and Y. Suematsu, "Random Bend Losses in Single-Mode Optical-Fiber Cables:  Power-Spectrum Estimation from Spectral Losses," 

Electron. Lett., Vol.4, No.19, pp.653-654, Sep. 1978. 

[17]1 S. Arai, Y. Itaya, Y. Suematsu, K. Kishino, and S. Katayama, "Condition of LPE Growth for Lattice matched GaInAsP/InP DH Lasers with (100) 

Substrate in the Range of 1.2-1.5μm," Japan. J. Appl. Phys., Vol.17, No.11, pp.2067-2068, Nov. 1978. 

[18] S. Arai, Y. Itaya, Y. Suematsu, and K. Kishino, "1.5-1.6 μm wavelength (100) GaInAsP/InP DH lasers," 11th Conf. on Solid State Devices 

(SSDM), Tokyo, B-3-4, Aug. 1979. 

[19] S. Arai, M. Asada, Y. Suematsu, and Y. Itaya, "Room Temperature CW Operation of (100) GaInAsP/InP DH Laser Emitting at 1.51μm," Japan. J. 

Appl. Phys., Vol.18, No.12, pp. 2333-2334, Dec. 1979. 

[20]. S. Arai, Y. Suematsu, and Y. Itaya, "1.11-1.67μm (100) GaInAsP/InP Injection Lasers Prepared by Liquid Phase Epitaxy," IEEE J. Quantum 

Electron., Vol.QE-16, No.2, pp.197-205, Feb. 1980. 

[21] Y. Sakakibara, K. Furuya, K. Utaka, and Y. Suematsu, "Single Mode Oscillation Under High-Speed Direct Modulation in GaInAsP/InP Integrated 

Twin-Guide Lasers with Distributed Bragg Reflectors," Electron. Lett., Vol.16, No.12, pp.456-458, June 1980. 

[22]. K. Stubkjaer, Y. Suematsu, M. Asada, S. Arai, and A. R. Adams, "Measurement of Refractive-Index Variation with Free Carrier Density and 

Temperature for 1.6μm GaInAsP/InP Lasers," Electron. Lett., Vol.16, pp.895-896, Nov. 1980. 

[23] K. Utaka, K. Kobayashi and Y. Suematsu, "Lasing Characteristics of 1.5-1.6μm GaInAsP/InP Integrated Twin-Guide Lasers with First-Oder 

Distributed Bragg Reflectors, "IEEE J. Quantum Electron., Vol.QE-17,No.5,pp651-658, May 1981. 

[24] K. Utaka, K. Kobayahsi, F. Koyama, Y. Abe, and Y. Suematsu, "Single Wavelength Operation of 1.53μm GaInAsP/InP BH Integrated Twin Guide 

Lasers with Distributed Bragg Reflector under Direct Modulation up to 1GHz," Electron. Lett., Vol.17, No.11, pp.368-369, May 1981. 

[25] K. Kobayashi, K. Utaka, Y. Abe, and Y. Suematsu, "CW Operation of 1.5-1.6μm Wavelength GaInAsP/InP BH Integrated Twin Guide Lasers with 

Distributed Bragg Reflector," Electron. Lett., Vol.17, No.11, pp.366-368, May 1981. 

[26] F. Koyama, S. Arai, Y. Suematsu, and K. Kishino, "Dynamic Spectral Width of Rapidly Modulated 1.58μm GaInAsP/InP Buried-Heterostructure 

Distributed-Bragg-Reflector Integrated- Twin-Guide Lasers," Electron. Lett., Vol.15, No.25, pp.938-940, Dec. 1981. 

[27] M.Yamada and Y.Suematsu, "Analysis of Gain Suppression in Undoped Injection Lasers," J. Appl.Phys.,Vol.52,No.4,pp.2653-2664, Apr.1981. 

[28]. M. Asada and Y. Suematsu, "Measurement of Spontaneous Emission Efficiency and Nonradiative Recombinations in 1.58μm Wavelength 

GaInAsP/InP Crystals," Appl. Phys. Lett., Vol.41, No.4, pp.353-355, Aug. 1982. 

[29] Y. Tohmori, Y. Suematsu, H. Tsushima, and S. Arai, "Wavelength Tuning of GaInAsP/InP Integrated Laser with Butt-Jointed Built-in Distributed 

Bragg Reflector," Electron. Lett., Vol.19, No.17,pp.656-657, Aug. 1983. 

[30] K. Furuya, K. Yoshida, K. Honjo, and Y. Suematsu, "Precise Control of Grating Pitch by Electron-Beam Exposure System for Integrated Optics," 

Trans. IECE of Japan. Vol.E66, No.9, pp.561-562, Sept. 1983. 

[31] K. Sekartedjo, N. Eda, K. Furuya, Y. Suematsu, F. Koyama, and T. Tanbun-Ek, "1.5μm Phase-Shifted DFB Lasers for Single-Mode Operation," 

Electron. Lett.,Vol.20, No.2, pp.80-81, Jan. 1984. 

[32]. M. Asada, A. Kameyama, and Y. Suematsu, "Gain and Intervalence Band Absorption in Quantum-Well Lasers," IEEE J. Quantum Electron., 

Vol.QE-20, No.7, pp.745-753, July 1984 

[33] Y. Tohmori, X. Jiang, and Y. Suematsu, "Wavelength Tuning of Semiconductor Lasers," Tech. Group Report, OQE84-81, IECE of Japan}, pp.15-

22, Oct. 1984. 

[34] F. Koyama and Y. Suematsu, "Analysis of Dynamic Spectral Linewidth of Dynamic-Single-Mode (DSM) Lasers and Related Transmission 

Bandwidth of Single-Mode Fibers," IEEE J. Quantum Electron., Vol.QE-21, No.4, pp.292-297, Apr. 1985. 

[35] Y. Suematsu and S. Arai, "Integrated Optics Approach for Advanced Semiconductor Lasers," Proc. IEEE, Vol.75, No.11, pp.1477-1487, Nov. 

1987. 

[36]. K. Komori, S. Arai, Y. Suematsu, M. Aoki, and I. Arima, "Proposal of Distributed Reflector (DR) Structure for High Efficiency Dynamic Single 

Mode (DSM) Lasers," Trans. IEICE of Japan, Vol.E71, No.4, pp.318-320, Apr. 1988. 

[37]. S. Pellegrino, K. Komori, H. Suzuki, K. S. Lee, S. Arai, Y. Suematsu, and M. Aoki, "Novel Single-Longitudinal-Mode 1.5μm GaInAsP/InP 

Distributed Reflector (DR) Laser," Electron. Lett., Vol.24, No.7, pp.435-437, Mar. 1988. 

[38] Y. Chaki, T. Sakaguchi, M .Asada, and Y. Suematsu, "Proposal of Space Charge Limited Insulator Tetroide with High-Speed Response Using 

Metal  and Insulator," Trans. IEICE of Japan, Vol.E72, No.4,pp.313-314, Apr.1989. 

[39] H. Hirayama, K. Matsunaga, M. Asada, and Y. Suematsu, "Lasing action of Ga0.67In0.33As/GaInAsP/InP tensile-strained quantum-box laser," 

Electron. Lett., Vol.30, No.2, pp.142-143, Jan. 1994. 

[40] Y. Suematsu and S. Arai, “Single-Mode Semiconductor Lasers for Long-Wavelength Optical Fiber Communications and Dynamics of 

Semiconductor Lasers,” Journal of Selected Topics on Quantum Electronics, Millennium Issue, Vol.6, No.6, pp.1436-1449, Nov./Dec. 2000. 

[41] “Semiconductor Laser for Optical Communication (1987)-100 Innovations of Post-war Japan,” Japan Institute of Invention and Innovation,2017.   

[42] The modulator crystal of ADP used at the first optical fiber communication system in 1963 and the system’s replica were registered as the future 

technology heritage by the National Science Museum, Tokyo, in 2019. 

 MAIN BOOKS; 
1. Y. Suematsu, "Electricity and Magnetism," in Japanese, Kyoritsu Press Co., 1963, 2. Y. Suematsu and K. Iga, "Introduction to Optical Fiber 

Communications," in Japanese - Ohm Co., 1976, in English -John Willey Co., and also translated into French, Chinese, Korean, and Iranian, received 

Distinguished Book Award from IEICE in 1978, and the 5th revision in 2017-8 , ３. Edited and Co-authored by Y. Suematsu, “Semiconductor Lasers 

and Integrated Optics,” in Japanese, Ohmsha Co., 1984,  4. Co-edited and Co-authored by Y. Suematsu and A. Adams, "Semiconductor Lasers and 

Photonic Integrated Circuits," Chapman & Hall, 1995,  5．Yasuharu Suematsu, “Net-Tied-World～Progress toward Net Society and Digitalization～” 

Amazon Services International. Inc. Kindle, 2019.                                            

                                                          （Presented by SUEMATSU, Yasuharu on 10 July 2021）  


