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B Semiconductor Laser 1962

1962 US four Groups,
GaAs Semiconductor Lasers:
Current R. N. Hall etal, GaAs laser
M. I. Nathan etal, GaAs laser
‘ T. M. Quist etal, GaAs laser
GaAsP Semiconductor Lasers:

nght N. Holonyak etal, GaAsP laser
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B Demonstration of Optical “Fiber” Communication
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B High Speed Direct Modulation of Semiconductor Lasers
The First

Semiconductor Laser Specialist Conference,
29t November, 1967, Las Vegas, The Sands Hotel
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B GaAlAs/GaAs
Double Hetero-Structure Lasers
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B Suggestion of Dynamic Single Mode (DSM) Lasers
for Wide-Band and Long-Distance Optical Communication

Dynamic Single Mode Laser

1 Wavelength at Low-Loss Band
2 Stable Single Mode Operation
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3 Wavelength Tunability
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A Single Mode Resonator ~Two Distributed Reflectors connected
by Separation of Odd Number Multiple of a Quarter Wavelength ~

Phase Shift “BI”” between Two Distributed Reflectors
Bl = (/2) m (m:1,3,5...0dd Number)

wavequide
Lo, o1 . L, waveg

4 = =2 >

Distributed Reflecotrs

Kenji Hayashi

Y.Suematsu and K.Hayashi, National Convention of IECE,1200, July 1974.
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1N Kogelnik and C. V. Shank , “Coupled wave theory of
distributed feedback (DFB) Lasers,” J. Appl. Phys. Vol. 43,
no. 5, pp. 2327-2335, May 1972

[~ 5 /2~

Herwig Kogelnik ~ Charles Shank

(BTL) (BTL)
(a)

Two Modes Operation
(for Refractive Index Coupling with Uniform distributed Reflector)

B M. Nakamura, A. Yariv, H. W. Yen, S. Somekh, and H. I. Garvin,

“Optically pumped GSAS surface laser with corrugation feedback,
 Appl. Phys. Lett., vol. 22, no. 10, p. 515, May 1973.

Semiconductor DFB Laser Michiharu Nakamura ~ Amnon Yariv
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Sharp mode selectivity (CALTED
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m Mode Selectivity of ITG Lasers
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m Suggestion of Possible Lower Loss at Longer Wavelength
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& Possible Material Systems
for Possible Long Wavelength Lasers

at Low-Loss Band of Fuyure Fiber

Active Substrate
Material |Mater,[M&li:0> [Hardness
InP |1070| 535 | = ' ez L
SRSt Gars(1238| 750
InP [1070] 535 /.

GaSb| 712 450 7/ —
InAs| 943 381 AR /.
GasSb| 712| 450 .
Gasb| 712 | 450 Yoshio Itaya
InAsSbP | InAs| 943[ 381 (100) Oriented

AlGaAs [GaAs|1238] 750 a1 I InP Substrate
06 08 10 1.4 2.0 30 490
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Partly by Moon, Antypas, and James, 1974

Kenichi Iga
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M Supports in DSM Laser Research of Expensive Work

iichi ; Yukio Nakagome
Masamitsu Kawakami  '€iichi Yamazaki

) Director-G
President of Tokyo Tech. President of TDK KDD Research Lab.

;‘ 1
&
Genya Kishi Kunihiro Shigebumi Saito
Professor Suetake Professor
Tokyo Tech. Professor Univ. Tokyo
Tokyo Tech.
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m1.5um Band GalnAsP/InP Lasers and Fiber Loss

RT-CW Operation of 1.5 um GalnAsP/IP Laser by
S. Arai, M. Asada, Y. Suematsu,’& Y. Itaya, 1979.
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& v Demonstration of Dynamic Single Mode Lasers
1.5um Band
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B /V Dynamic Spectral Width and Transmission Bandwidth
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Thomas Koch (BTL)
Quantum Electron, Apr. 1985.



B Buried Hetero Structure (BH) InGaAsP/InP Laser:
Single Transverse Mode Operation

- T. Tsukada,“GaAs-Ga, _,Al,As buried heterostructure
injection lasers,”,J. Appl. Phys., vol. 45, no. 11, Nov. 1974.
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(HITACHI) = .:i \-InP(p)
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Ikuo Mito Kourou Kobayashi (a) Buried hetero structure L ¥
(NEC) (NEC) laser (BH). ‘ e

Toshihisa Tsukada
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Hiroshi Ishikawa Hajime Imai
(FUJITSU) (FUJITSU)

Yoshio Itaya Katsumi Kishino
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1984-1985
~ Thermo-Tunable DSM Laser ~

High Yield of Production
due to Built in Single Mode Resonator

B Phase Shift Distributed Reflector Laser g
a2l

Fumio Koyama

Electrode Tanbun-EK
Reflector
Kazuhito Furuya
Clad Layer

Phase Current Taui
Distributed Shift

“9'“ E'E N B W NN BN N B B B Grating Layer
Active Layer (o
i \ atsuylﬁd’taka

Sekartejo Kunchoro n (KDD) 1985
AR: Anti- reflectlon Coating ‘ Electrode
K. Sekartedjo, N. Eda, K. Furuya, —@
Non_kwazu - Y. Suematsu, F. Koyama, & Tanbun-Ek, 1984 Shigeyuki Akiba
K. Utaka, S. Akiba, and K. Sakai, 1985 (KDD) 1985
K. Sakai
(KDD) 1985
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B Demonstration of Phase-Sift Distributed Feedback Laser
1984

- sawed facet W il et
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Fig. 2 Phase-shifted DF B laser

a Schematic representation of structure

b Cross-sectional SEM view of part where phase of corrugation is
shifted

substrate (InP)

: Fumio Koyama
/\_ -
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K.Sekartedjo, N.Eda, K.Furuya, Y.Suematsu, F.Koyama and T.Tanbun-EK,
Electron. Lett., Vol.20, No.2, Jan. 1984.
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B Field Distribution of Phase Shift Distributed Feedback Laser

Lf=L,=300 um k=20 cm™!
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B Yield for Thermo-Tunable DSM Lasers

Phase Shift DFB Laser

Distributed reflector Phase shift

EDDD[@JBEEE’

\

Uniform DFB Laser
|

£ o HHESTR

HE RS \

Yield of Production

Side Mode Suppression Ratio: (SMSR) (dB)

By courtesy of Mitsubishi Elect. Ltd. 2009
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B Wavelength Tunable Laser Array

12 DFB Lasers SOA

Amplifier - AR Coating

[ .:‘...v 3 Electroabsortion
, _ﬂb— Modulator T8 T,

1xN Combiner —

7./14-Shifted
DFB Lasers

-304d8m ;‘4&—-’:——/&;‘/@ 12'1 MMI coupler

~60d8n

1.5414 w«m 11,5514 1.5614

M.G. Young, U. Koren, H.l. Miller, M. Chien, TECa
T.L. Koch, et al, Electronics Lett. Vol. 31, p. PD2
1835, 1995. (\Isolator
1
Filter[] Fiber
TEC1 PD1T
A

/

Wavelength Locker

H. Oohashi, Y. Shibata, H. Ishii, Y.
Kawaguchi, Y. Kondo, Y. Yoshikgpi,
2016710715 Yasuharu SUEMATSU and Y. Tomori, IPRM, 2001.
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B Wavelength-Division-Multiplexing(WDM)

Optical Fiber Communication 1977
sending end .
J >, receiving end
DSM laser Y ¥
Elect. l modulator "‘ detector E_Iect.
Signalc 1\1 1977 Tetsuya Miki \ Signalc
@1‘ @ < Isolator (NTT) ) A
o —2 Ml optical fiber Ao
Gﬁ F j—oz
3 N\ 3 3
VMD\’_ K z g E _\/ A3
® — NN
. multiplexer ~ optical amplifier De- °
multiplexer
N A N
@' VACFye - D oN
(wavelength) (wavelength)
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B Proposal of Wavelength Tunable Laser 1980
~ Electro-Tunable DSM Laser ~

HMIS6-116683 (4)
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Y. Suematsu and K. Utaka, Pattent Application, 1980 Katsuyuki Utaka
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m Wavelength Tunable Laser
~ Electro-Tunable DSM Laser ~

Distributed l Wavelength Phase Wavelength
reflector tuning l Lasing tuning
Current 1 current Current 2 Electrode
/
Clad layer
Light EEEEEmN m m mmm®E m m m Grating layer

== [ N S R Wavesuide ayer

Clad layer

AR: l Electrode \
: AR

Anti-reflection coating —

Proposal : Suematsu and Utaka, 1980

Theory : Tohmori, Jiang, and Suematsu, 1984

Katsuyuki Utaka  yuuichi Tohmori
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B Demonstration of Wavelength Tunable Laser
~ Electro-Tunable DSM Laser ~ 1983

. DBR | lasing | tuping
o2k t;::rr:as[:.:ed TEQI'DI"I : I"E"g]ﬂ'n : I'E'gﬁ}'n
L T - 294K PN | i A
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meoor _p-InP ¢ Ilu electrode
DBR Si0;

n_[ng Yuuichi
p=in Tohmori

N m‘ﬁ'lﬂl

g 96t [ (¢ y= 9 TR '
- e - AN P s ight output
~suh sdp sl R YA, g
N n- [nF " Gap 31 1Mo69AS) g6z
I 7 " external guide -
15580} AMB layer / 7n diffused layer I:f\-g- 1-35um)
8ol . Gﬂ.InASP region AulSniAu on Hideaki
tuning curren t 1, mA Emg u:tlve luyfr Ele{tm Tsushima

Y. Tohmori, Y. Suematsu, H. Tsushima, and S. Arali,

Electron. Lett., vol. 19, no. 17, Aug. 1983. Shigehisa

Arai
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B Widely Tunable Laser
with multi-interval gratings 1993

Distributed Wavelength P ha.s e Wavelength
reflector tuning Lasing tuning tuning
Current 1 current Current 2 Electrode
/
) Clad layer
Light m m| Grating layer
- Waveguide layer
/ Clad layer
Electrode \
AR: —t B} AR

Anti-reflection coating —

Y. Tohmori, Y. Yoshikuni, H. Ishii, etal, 1993

V. Jayaraman, Z.-M. Chuang, and L. A. Coldren, 1993

2016/10/15  Yasuharu SUEMATSU
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B Widely Tunable SG-DBR-SOA-Modulator PIC 2011

SG-DBR Laser Six section UCSB InP Chip
! Detector
( Front Rear) #* = Rear Mirror -
MZ Modulator Ampllﬂer error Gam Phase Mirror Phase Section g
; : 7% Gain Section I & f
Front Mirror
Modulated \
Light Out / v s P hnd i
ach Ze
Tunable Over g waveguide MQW Active ~ Sampled 3
C or L-band Regions Gratings
: . ; — Front Mirror
~ Repeat Mode Spacing |— Back Mirror
- h—-lM -
}‘_H M B J. S. Barton, et al, “Tailorable Chirp using Integrated
Mach-Zehnder Modulators with Tunable Sampled-Grating
. iy Distributed Bragg Reflector Lasers,” ISLC,TuB3, Garmish,
o i (Sept. 2002)
Larry Coldren ' ‘ » Vernier tuning over 40+nm near 1550 nm
' LJ| “ ' * SOA external to cavity provides power control
X : * Both EAM and MZ modulators integrated
Q Q Q Q O QS O Q Q
N° RV O ' 0 o A ) %)
Wavelength (nm)
L.A.Coldren

Yasuharu SUEMATSU

“Semiconductor Laser Advances,”
IEEE Photonic Res. Advances, Feb., 2011
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Tunable Laser with Passive-Section Heater

SOA{'.-mode LD a\node Heater
T I - 1 | &
SOA SG-DFB CSG-DBR
< I i
A% Lsc = Lse = Lse Lsei<Llse2< LsG3 A
T.Kaneda, H. Mori, S. Onuki, etal, 1993
Left reflector
(T s SOA
T
NI &Entegrated
Right reflector front reflector

Schematic design of the monolithically integrated MGY-SOA-MZ transmitter

J. Q. Westroem.etal, 2004
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B Non-radiative Recombination of
1.5um InGaAsP/InP Laser 1981

Conduction ng::ct . 400 = : ' ’ g
band 200F BH Laser (CW) =
A=1,62pum =
T Emission Avebar - E'u g
Eg || "= 1 <100 oac EXP. -
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/ % Et -~ o
TE £ 501 kT,
| = 80 &
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4 _LAbsorphon § 20t - g
Split-off Split-off band 3 €
band )
10F <= I < din &
(a) (b) T 5 =
W Sf .
4 20 &
: :
2 0 a
100 200 300 350

Temperature T(K)

_ M. Asada, A.R. Adams, K. Stubkjaer,
Kristian tubkjaer Y. Suematsu, and S. Arai, 1981

Masahiro Asada Alfred Adams
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& Reduction of Threshold Current Density J,,

10000

Nick Eli Yablonovich;
Holonyak_Jr Effective Mass 1986
(Uni. IIl.) (UC Berkley)
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BSE1984 1.5um MQW Strained
(Surry) LD 1991

Q-Dot

Threshold current J,,, [A/cm?]

1980 1985 1990 1995 2000 2005 2010
Year

Yasuhiko Arakawa Hiroyuki Sakaki
1982 QD QD 1982
(Tokyo Univ.) (Tokyo Univ.)
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B Early Semiconductor Laser Dynamics

&%

Lasher; Tesuhik9 Yoshio Magnus Robert Kourou Kazuhiti Naoki Kenich Roy
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B VCSEL ,Vertical Cavity Surface Emitting Laser

Structure of VCSEL Micro-machined VCSELSs

Small power operation

Two dimensional array _ . .
FIB etching Dielectric

s ALAS mirror
Bt @ p-GaAlAs DBR 4! m Current
A Imjection
Polyimide Oxide Confinement
_,- \ [ . (D1

___—GaAs/GaAlAs QW _Tunnel hunctlon.

b n-GaAlAs DBR

Substrate

Electrode

Proposal K.lga, 1977

%5

RT-CW Operation, 1

| F. Koyama & K. Iga,1988 LTRSS |
Kenichi Iga Humio Koyama Connie Chang-Hasnain
1977 2016/10/15 Yasuharu SUEMATSU 2006 Athermal 2000 Tunable




B Elements for Optical Fiber Communication

John B. MacChesney 1974 Ultra Low Loss Silica Fiber by MCVD

oy

¥

John MacChesny ‘ﬂ‘

(BTL) Tatsuo lzawa

Shojirou Kawakami, 1974 Dispersion Shift Fiber (NTT)

David Payne 1986
Er+ Doped Optical Fiber Amplifier,
Masataka Nakazawa 1989

Tatsuo lzawa 1977 Continuous Fiber Process by VAD

i

-l

Phase Shojiro Kawakam
modulation Laser Pumped Optical Fiber Amplifier (Tohoku Univ.)
gA Phase plane :
% " Kazuo Kikuchi 2004 . Takanori Okoshi 1981  David Payne
.l Digital Coherent Communication (Southampton)

Masataku
Nakazawa
(Tohoku Univ.)

Kazuo Kikuchi Takanori Okoshi
(Tokyo Univ.)  (Tokyo Univ.)

Masao Kawachi
(NTT)
Komatsu 1987

<. _
~—  LINbO3 Modulator :
Federico Capasso 1980 Federico Capasso

InGaAsP Photo Detector (Harvard)
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B Photonic Integrated Circuits (PICs) toward Subsystem
~ InP PICS and InP-Si Hybrid PICs ~

Wavelength converter Arrayed waveguide grating router
Detector 2 A p

b a
Det. N\
Signal

Del.

o M S

425 mm

IN

LIV

\ 145mm llnw

ouT \\

Power Monitors Attenuators Absorber Power Monitors MZI Switch Power Monitor
(b)
Fig. 2. (a) Schematic of overall MOTOR chip; (b) Expanded view of a single input wavelength converter showing several key devic

High Density In-PICs,

Coldren and Blumenthal, Danicl B ol
2009 anie umenta

(UC SB)

s }%\ | InP(2~3inch or die)
P Fiﬁf—‘x:w
5 =, | | )

Datacom: DFB laser - 2
Computercom: LEAP (PhC) laser Large-scale Si0,/Si wafer

Tetsuya Mizumoto

Planar Isolator ~ (1ov0 Tech) J(?JhgsBE?)WE“ . M(C/:/t#)o) InP-St Hybr PICS___
Tetsuya Mizumoto, 2006 >-Matsuo, T. Fuji,
2016/10/15 K. Hasebe, etal, , 2014
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M Laid down of Transe-Pacific Submarine Optical Cable TPC-4.
First 1.5pm band system with Phase Shift DFB Laser, 1992. By courtesy of KDDI.
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B Optical Fiber Communication across the World

Trance Oceanic Submarine
Cable

Overland Optical Cable

FTTH THz Mobile Connection

Dynamic Single Mode Laser ]
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m Optical Terminal at Home  well matured
Cover removed (NTT) 2002—9




B Performance of Commercial Optical Fiber Comm. Systems

TCP-IP Protocol WWW (INTERNET)
@ oOverland Backbone System(NTT) Multi-level Modulation
108|- @ Trans-Pacific Submarine Cable W. Tunable Laser O
Data by courtesy of NTT e \\‘.
B and KDDI, respectively ()
o O

106_
Dynamic Songle Mode Laser (DSML)

1.5 um Single Mode Fiber (SMF)

D-WDM System

EDFA : Optical Fiber Amplifier

WDM : Wavelength Division Multiplexing

102 % A

<— DSML
1.3um SMF \\Q ® ‘e

1,.5um SMF

FP Laser

11~ 85um MMF ICT Civilization
—=

O FP Laser @
® 1.3umSMF

1970 1980 1990 2000 2010 F
2016-8-31 Yasuharu SUEMATSU 40

[uni-sdqo] ZRER x EIHBKET >, A\ J/FEREBEHT
|




B Research brought forth the ICT Soclety

Phase Current
Distributed Shift
Reflector

eeeeeeee

ICT Society

/ ol \ High Capacity
Electronic

: Long Distance
N | display 2000 Optical Fiber
| Communication
) Electrical
QA communication
1926 Kenjiro \ Ay =S TAN
Tekavanagl g B Knowledge 1960 Immediate 1satamuel LY
1450 Johanes  ACQUisition | | Communication wores \gy’a‘:
G b . . . =
vienber High Capacity Small Capacity
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Finally 1t could be concluded
for

celebration
on
the Fifty Years Anniversary
of
Semiconductor Laser Conference
that
Semiconductor Laser Research
contributed greatly to bring forwarad
the Informatic Communication Civilization.
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Thank you for your kind attention
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