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Investigation of novel methods of controlling output power with stable
wavelength operation and modulation bandwidth enhancement by long-wavelength
transistor lasers
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In order to meet the demand for a direct modulation laser for
short-to-medium distance optical communication, we aimed to establish a method to control the
optical output, oscillation spectrum, and modulation band of a 1.3 micrometer-band transistor laser.
First of all, we have realized a theoretical calculation that agrees with complicated characteristic

measurement data. By utilizing this theoretical calculation, the design guideline of the transistor
laser was clarified .
Next, in the actual fabrication, we proposed a new electrode structure with the goal of improving
the electric band and heat dissipation characteristics, and realized a device that operates at 95
degrees, which is the highest oscillation temperature in the world, with the transistor laser. We
also succeeded in obtaining stable small signal characteristics.

InP



B X C—19, F—19—1, Z—19 ({3@)
1. WFFEBRMA S P DA 5

WFEBAARL M), S (EHFFEEN AT, Mk zHERr L-oo, REEEEH & & - FEREEH 0
firfEik 2 bR A btz REBEHCIXT U4 vae— L w M E LI T ¥ 2 Vil CBE
FFONT A ZDMRIRZME S DG - BRI ED G TR Y | £ THRER L —FIE, #
BLEMEPFICEEN SN D B L LToRFIHEND, —FH T, W - EHEEECH 2
L& PR L —FOLERENE - 2L ONNT A —F OEReERNER I D, Bl IKIHEE
T, eI D ERIEIE, ERERO IR, WREZEMRETH D, MA T, A b -/
EDBLEN D, 5 CERMERE A2 T 5 Z LRI TV, TSkt L, HF7ERFEEIX
W7 7 A P NSEEICHHE Lz 1.3um # b T VYR F L—F O R EBREICITV, WHRL R
HEFERREEB L T,

KR, BET —FEBEXDPICOWTRDS & Bl IERy b T — 7 & KT Cisco LD FE(Ref.
Cisco Global Cloud Index: Forecast and Methodology, 2014-2019 White Paper)iZfil AL CW5 &2 A
T, 7—=2 2N T2 2EEE (5 mEE) MEEAEOBET -2 RE LT
Wz, ZAUE. Over the top (OTT) & FEIEA D B — B 2 2 BB T 5 ¥ (Google, Facebook %) D3
JBRPRE B LTEY, ARONTHEZHH LY —EADRMAZ 5 A E, ZOHBETO
WET —ZBP M2 REL 0D 2 LTI E#E< 7o < | B - EERREE(E I 1A 72 BT e EdkRE
BELV—VPOBEAZ, HOFIIRERA VNI a2 h5 25 LTRSS,

2. WrZEDHI

ZAUTxF L, BFEAREFIT, LT 13um i b7 o P A X L—YICBET 2 B AR E L, WF5E
% Bie LT,
13um #H b U VRE V—FOMEOBMERER TH D 2 L7 FEEIC L B RBEREE{LEFIA

L., e « BERANY bV - ERREIREHIET D FIEEHSLT 5 Z L T, BVEERZ S DEE
ORBET A AEERT D,

3. WHEDTTik

FREBGT A 7-OIE., ERBEHB X OEBROEROEHE D D LERH - T-, +
ZCEMARAICIZ TR 2T 272,

.7 ZEBTFHFENCLD N PR L—F O L OB B ERAE O BRI AR
2LV RBEETNCLD NF L IAZ L —FDEDDET A AT 55

4. HFFERE

F9, K1k, BHET S T AKX L—H(Transistor Laser: PLF TL)DHAR) 7pfid %2
RY, TLIX, @H O L —% & A 4 — K(Laser Diode: UL FLD)E A2, ~T AR —F hF
VUAZ DN AFIIERE AR OMIE A AT 5, ZAUTE Y 18RO LD TiE, HICER O
BDOHTIHH N EHIEZ D Liniginolehy, BIRAEIZIT T, aL s ZEEEZELSEDL L
T, RN OENT D ERARETH D Z & 2 EBRIICBIII LTz, ZOBE, K%/ T A—%
ELTA, BIEART VOB, HEROLD E & B LaRRELTVWD, TR
ML LT 2IT/T, TL Tk, EABERO—HAEWE TO/RMG L a L s ZERE LTOHR
LIRS TWA, 22T, a7 XICEEEZNT GG, 2 L7 X EROEMLEZ 5
N, BT TG - AT 4 v a BRI LA Ry v 7OM/ IR &, XR— 2@ TN



WX (-oF 0 HAREELR) BRAET L, MBI BIRET 2 2 L1222, ZThaFIH L7 ZH#
BEE R 250, AN, HEBRNOX ¥ U 7EBNR E 20 E £, BRI T 2L
T ETHLHN, EECITF v ) 7T EHHOERN R T ER R SEMERIRD A TL T
T TNEETEMICHGRIRAIT) ZLBNE 1 OHEThH T,

BEFIMOV |/ (7 REEEM |
EAER ALy aEH EARR ALY SER
B ekl

|

TSI TavoahR

BT HFELE IsyA(n) A—ZX(p) aALY%(n) I3vB(n) AR—Z(p) aALY%(n)

1 EEESE LT Uy L— M2 BEE#H TV L—F0a L s X EEERORH

FERFTEICB W T, BAARSMEKZM 3 DL I ICRE L LT 4@)DEFEE L7 ZIT

FUIN L7235 6 OF A AN OEERINE, EROWNEFTHL, ThaFHALTCTLOLV— M
FERAN T, BRI v U 7 ES), NHISEEFIE L7z, B A4OIZRW TR, 1ERD m A
T—%AH LN A~ZRGEICBIT DE A FE LR U 30% R EL, HERHEORIICED T
WA ADFFERBENEAT D EEBELANATA—F L LI, ZNED, EEONSL ERDIZE
W, RERASKIIFEFT 2 5 W LIt DN OB Z 5 Z &b, Ziux, 207
Y OREIC LD IEEEICKE RERATAIVGAT Z LIZ L 2B TH D, Zhid, HiERELHE
T2 Lo THARBELZ KB TIIEBEIN TS, LELARRL, 2D v T ARO
Y, BRETDHECTOMEIEORHITRE S, BRHEES L QIR RBIENHIFFCE 20, =
OEFREH R O R UM Z BT 572010, EFEROT A ZTBWCEFREZEIT > 7208, 5280 —
LIRSS o, ZofEmitEAZE L T, REHES AR Lo R, HESREZE L,
RSHFEE P52 LIk o T RFBRFHEREHBLZENTEDLZ ERHLNIIRY | M 4(c)D &
912 0.1pF F2 2 D ILIRAR % 4F Signal Ve GND
i GEHRERE 100pm FRE)
& T SR 0.8 FREEIC T 5
N A R QN AR YA 5
HEHBONDZ B
7=

Sl-InP substrate

X3 BEHER T P22 L—YO%MEK

g 3 — 40 Cgc=0.1pF 15

- e ~ Cgc=0.1pF

N E 30 EZ;?Z: " % — Garosor

S 2 5 g

3 2 g
© 4 g s

g % 10 3-

2 o) 3
S 0 0 : 0 ‘ :

-500 0 500 1000 -500 0 500 1000 -500 0 500 1000
Time (ps) Time (ps) Time (ps)
= Ly s Ly 2
(a) HIUMEE (b) s i SO 2 0.09 ()% &% 0.8

M4 BWES 50U R Y L— I OIS A i



WICH 2 DAEL LT, EBEOT A AERIZHON TR R D, T3 AERIZB TR, 1€
KOWEHEIZB N CTHBEIT = 2d -7, —mBIE, BBRIC X 2 BRA0eHRHIR, 8 B 3B
DEIThole, ZOZSOMEIL, EMEELZRIT 5L T RTE DB R, 20T
DS DX ICERR Y I 2 L—F—%FFH LT, Bl 2T, X 5D & 9 7T,

EHEEEE 70— 7 Tl 5 2 Lk b ERAAR T 50 GHz DA l(w=80 pm, g=10 um,
x=80 um, y=400 um) & 72 5 Z E BNy te, B 5(0) TIXEBRICHERL L 725 /31 A D22 S
BAERT, ZOLIICELBERTEDNLTWDID, BEWEDM L2552 LR TX 5,

- Tk

(a) MMROBRIEGHEET L (b) T 73 A A DL F IS -
X5 BEES N7 PR L—FOEMmEE

M

/

Z OEMMEEZ BN LT N AREE K 6 12T, X 6(a)ZiE, I-L FFEEZ R LTV D73,
95 °C £ TO=HIMEKERIRZ O TR L7z, ZHITRERA TL O T b mWIREIRIEE Th
Do FEIzK6NTIX, IMEFIE A RT, HRRREIL 750 um TH Y . AREOEGRF R TEM L
72X 572100 pm TiE72 <, W2 — M H SN TWRWZOHIRIEL 10GHZ BL T & 72 5 TV 5 05,
TERAONIZE DR LN A R BERINICZE L TEELTWD, ZhbOt#EITH7-
ICIRE LT EREIC L 588 TH D,

15

GP1-C6-rowl10 T =20, 40, 60,
E after bonding 80, 90, 95 °
=i D1-row3
= w/ plating 20
= 10T £=1000 um
g W=12 pm 10
© Base 100 nm, m 0
o 1.03 eV =
2 5 Fow 510
= 2-termin:
@) 20 T Lyes =30, 40, 50,60 mA

/ 30 |
0 — : 40 . :
0 50 100 150 200 250 300 0 5 10 15
Current / [mA] Frequency [GHz]
(a) I-L Rt (b)/IM5 ek
X6 BEHREH T YV AX L—F O ERE
PUEEy, RERE N7 22 L—YF2BF 5 a L ZEELEHFH AU K 2HIERIC

B LT, B &ﬁ%%%%%ﬂlﬁék&%l\W%&%%Jbtoit\ﬁﬁ%%®
%ﬁmﬁ%%&btoA%%®ﬂﬁﬁﬁlﬁd% WeNE LT EBE AR L CT /3o 2 & R
LRI, ROV EA A — Rl A2 B OREESR N T v VAX L—F &5
Bl o Z ENAIREIC e D L IR 5,



15 15 1 6

Suzuki Junichi Tachibana Fumihito Nagasaka Kumi Eissa Moataz S. A. M. Bai Liu Mitarai 57
Takuya Amemiya Tomohiro Nishiyama Nobuhiko Arai Shigehisa
Highly efficient double-taper-type coupler between Il1-V/silicon-on-insulator hybrid device and 2018

silicon waveguide

Japanese Journal of Applied Physics

094101 094101

DOl
10.7567/JJAP.57.094101

Inoue Daisuke Jung Daehwan Norman Justin Wan Yating Nishiyama Nobuhiko Arai Shigehisa 26

Gossard Arthur C. Bowers John E.

Directly modulated 13 p m quantum dot lasers epitaxially grown on silicon 2018

Optics Express 7022 7022
DOl

10.1364/0E.26.007022

S. Yamasaki, A. Yasui, T. Amemiya, K. Furusawa, S. Hara, |. Watanabe, A. Kanno, N. Sekine, Z. 23

Gu, N. Nishiyama, A. Kasamatsu, S. Arai

Optically-driven Terahertz Wave ModulaT.sing Ring-shaped Microstripline with GalnAs 2017

Photoconductive Mesa Structure

IEEE Journal of Selected Topics in Quantum Electronics 3400408
DOl

10.1109/JSTQE.2017.2662660

Takahiro Tomiyasu, Takuo Hiratani, Daisuke Inoue, Nagisa Nakamura, Kai Fukuda, Tatsuya Uryu, 10

Tomohiro Amemiya, Nobuhiko Nishiyama, and Shigehisa Arai

High differential quantum efficiency operation of GalnAsP/InP membrane distributed-reflector 2017

laser on Si

Applied Physics Express 62702

DOl
10.7567/APEX.10.062702




Junichi Suzuki, Yusuke Hayashi, Satoshi Inoue, Tomohiro Amemiya, Nobuhiko Nishiyama, Shigehisa 56

Arai

Introduction of AllnAs-oxide Current Confinement Structure into GalnAsP/SOl Hybrid Fabry-Perot 2017

Laser

Japanese Journal of Applied Physics 62103
DOl

10.7567/JJAP.56.062103

Takuo Hiratani, Daisuke Inoue, Takahiro Tomiyasu, Kai Fukuda, Tomohiro Amemiya, Nobuhiko 23

Nishiyama, Shigehisa Arai

High Efficiency Operation of Membrane Distributed-Reflector Lasers on Silicon Substrate 2017

IEEE Journal of Selected Topics in Quantum Electronics 3700108
DOl

10.1109/JSTQE.2017.2704289

Daisuke Inoue, Takuo Hiratani, Kai Fukuda, Takahiro Tomiyasu, Zhichen Gu, Tomohiro Amemiya, 23

Nobuhiko Nishiyama, Shigehisa Arai

Integrated Optical Link on Si Substrate Using Membrane Distributed-Feedback Laser and p-i-n 2017

Photodiode

IEEE Journal of Selected Topics in Quantum Electronics 3700208
DOl

10.1109/JSTQE.2017.2716184

Tomohiro Amemiya, oru Kanazawa, Satoshi Yamasaki, Shigehisa Arai 10

Metamaterial Waveguide Devices for Integrated Optics 2017

Materials 1037
DOl

10.3390/ma10091037




Zhichen Gu, Tatsuya Uryu, Nagisa Nakamura, Daisuke Inoue, Tomohiro Amemiya, Nobuhiko Nishiyama, 56

Shigehisa Arai

On-chip membrane-based GalnAs/InP waveguide-type p-i-n photodiode fabricated on silicon 2017

substrate

Applied Optics 7841 7848
DOl

10.1364/A0.56.007841

Takuo Hiratani, Daisuke Inoue, Takahiro Tomiyasu, Kai Fukuda, Nagisa Nakamura, Tomohiro 29

Amemiya, Nobuhiko Nishiyama, Shigehisa Arai

High Efficiency Operation of GalnAsP/InP Membrane Distributed-Reflector Laser on Si 2017

IEEE Photonics Technology Letters 1832 1835
DOl

10.1109/LPT.2017.2753263

S. Yoshitomi, S. Tadano, K. Yamanaka, N. Nishiyama, S. Arai 57

Lasing characteristics of 1.3-p m npn-AlGalnAs transistor-laser with narrower-bandgap p-GalnAsP 2017

base layer on semi-insulating InP substrate

Japanese Journal of Applied Physics 12102
DOl

10.7567/3JAP.57.012102

Takahiro Tomiyasu, Takuo Hiratani, Daisuke Inoue, Kai Fukuda, Nagisa Nakamura, Tatsuya Uryu, 11

Tomohiro Amemiya, Nobuhiko Nishiyama, and Shigehisa Arai

20-Gbit/s direct modulation of GalnAsP/InP membrane distributed-reflector laser with an energy 2018

cost of less than 100 fJ/bit

Applied Physics Express 12704

DOl
10.7567/APEX.11.012704




Zhichen Gu, Daisuke Inoue, Tomohiro Amemiya, Nobuhiko Nishiyama, Shigehisa Arai 11

20-Gbps operation of membrane-based GalnAs/InP waveguide-type p-i-n photodiode bonded on Si 2018

substrate

Applied Physics Express 22102
DOl

10.1364/A0.56.007841

Satoshi Yamasaki, Tomohiro Amemiya, Zhichen Gu, Junichi Suzuki, Nobuhiko Nishiyama, Shigehisa 35

Arai

Analysis of the slow-light effect in silicon wire waveguides with metamaterials 2018

Journal of Optical Society of America B 797 804
DOl

10.1364/J0SAB.35.000797

Yoshitomi S. Yamanaka K. Goto Y. Yokomura Y. Nishiyama N. Arai S. 59

Continuous-wave operation of a 1.3 p m wavelength npn AlGalnAs/InP transistor laser up to 90 ° 2020

C

Japanese Journal of Applied Physics

042003 042003

DOl
10.35848/1347-4065/ab7ef2

70 9 34

N. Nishiyama

1.3 p m transistor lasers with AlGalnAs buried hetero-regrowth structure

SPIE Photonics Europe

2018




S. Yoshitomi, K. Yamanaka, Y. Goto, N. Nishiyama, S. Arai

Continuous wave operation up to 90° C of npn-AlGalnAs/InP transistor laser

Photonic Device Workshop

2018

Y. Goto, S. Yoshitomi, K. Yamanaka, N. Nishiyama, S. Arai

Optical-Response Analysis of Voltage-Modulated 1.3 p m Wavelength AlGalnAs/InP Transistor Laser

Asia Communications and Photonics Conference

2018

1.3 uym npn-AlGalnAs/InP

2018

1.3 um npn-AlGalnAs/InP

2018




GRIN-SCH 1.3 um npn-AlGalnAs/InP

2018

2018

111-V/Si

65

2018

Nobuhiko Nishiyama

N2-Plasma Activated Bonding for GalnAsP/SOI Hybrid Lasers

5th International Workshop on Low Tempereature Bondning for 3D Integration

2017

191

2017




Nobuhiko Nishiyama

Progress of Hybrid I11-V Lasers on Si and SOl substrates

The 78th JSAP Autumn Annual Meeting

2017

2017

2017

Nobuhiko Nishiyama

Current States of Hybrid I11-V Lasers on Si and SOl substrate

The 39th Progress In Electromagnetics Research Symposium

2017

111-V/Si

65

2018




Shigehisa Arai

Membrane DFB and DR lasers for low-power consumption and high-speed operation

SPIE Photonics Europe 2018

2018

Nobuhiko Nishiyama

1.3 um transistor lasers with AlGalnAs buried hetero-regrowth structure

SPIE Photonics Europe 2018

2018

D. Inoue

Temperature Dependence of Threshold Current off GalnAsP/InP Membrane Lasers with Bragg Wavelength Detuning

Compound Semiconductor Week 2017: 29th International Conference on Indium Phosphide and Related Materials (IPRM 2017)

2017

J. Suzuki

Novel Optical-mode Converter Between 111-V/SOl Hybrid Devices

Compound Semiconductor Week 2017: 29th International Conference on Indium Phosphide and Related Materials (IPRM 2017)

2017




T. Tomiyasu

Waveguide Loss Reduction of GalnAsP/InP Membrane Lasers by Reduction of Doping Concentration of p-InP Cladding Layer

Compound Semiconductor Week 2017: 29th International Conference on Indium Phosphide and Related Materials (IPRM 2017)

2017

T. Tomiyasu

High Efficiency Operation Of Membrane Distributed-Reflector Laser With Reduced Index Coupling Coefficient Structure

Compound Semiconductor Week 2017: 29th International Conference on Indium Phosphide and Related Materials (IPRM 2017)

2017

S. Inoue

Double taper-type mode convertor for direct bonded 111-V/SOl hybrid photonic devices

5th International Workshop on Low Tempereature Bondning for 3D Integration

2017

T. Hiratani

High Efficiency Operation Of Membrane Distributed-Reflector Laser With Reduced Index Coupling Coefficient Structure

The Pacific Rim Conference on Lasers and Electro-Optics 2017 (CLEO-Pacific Rim 2017)

2017




S. Yoshitomi

Lasing Characteristics of 1.3-um npn-AlGalnAs/InP Transistor Laser with Reduced Base Bandgap Structure

The Pacific Rim Conference on Lasers and Electro-Optics 2017 (CLEO-Pacific Rim 2017)

2017

K. Yamanaka

Base Layer Design for Voltage Modulation in 1.3-py m Wavelength npn-AlGalnAs/InP Transistor Lasers

The 24th Congress of the International Commission for Optics (1C0-24)

2017

Design of Low-power-consumption Membrane Photodiode toward On-chip Optical Interconnection

The 24th Congress of the International Commission for Optics (1C0-24)

2017

N. Nakamura

Resistance Reduction of GalnAsP/InP Membrane DR Lasers on Si

The 24th Congress of the International Commission for Optics (1C0-24)

2017




J. Suzuki

Design of Coupling Structure between RSOA and SiN Waveguide

The 24th Congress of the International Commission for Optics (1C0-24)

2017

S. Yamasaki

Metamaterial Optical Buffer Based on Slow-light Effect

The 24th Congress of the International Commission for Optics (1C0-24)

2017

D. Inoue

Bragg Wavelength Detuning Effect on Temperature Dependences of GalnAsP/InP Membrane Lasers

The 24th Congress of the International Commission for Optics (1C0-24)

2017

K. Nagasaka

Assessment of PL Characteristics of GalnAsP/InP by Ar-FAB Irradiation for Surface Activated Bonding

The 24th Congress of the International Commission for Optics (1C0-24)

2017




S. Yoshitomi

Thermal Characteristics of 1.3-p m npn-AlGalnAs/InP Transistor Laser with Au Plating

The 24th Congress of the International Commission for Optics (1C0-24)

2017

Membrane-based GalnAs/InP waveguide-type p-i-n photodetector fabricated on Si substrate using Benzocyclobutene bonding

2017 International Conference on Solid State Devices and Materials (SSDM 2017)

2017

S. Yamasaki

Analysis of Slow-light Effect in Metamaterial Optical Waveguide

7th International Symposium on Photonics and Electronics Convergence (ISPEC 2017)

2017

K. Nagasaka

Effect of Ar-FAB irradiation to PL Characteristics of GalnAs/InP toward room temperature surface activated bonding

7th International Symposium on Photonics and Electronics Convergence (ISPEC 2017)

2017




T. Uryu

PAM-4 direct modulation of GalnAsP/InP membrane DR laser on Si substrate

7th International Symposium on Photonics and Electronics Convergence (ISPEC 2017)

2017

N. Nakamura

Low Power Operation of Membrane Distributed-Reflector Lasers on Si

7th International Symposium on Photonics and Electronics Convergence (ISPEC 2017)

2017

M. Eissa

Wavelength Tuning of 111-V/SOl Hybrid Lasers by Direct Heating of Si waveguide

7th International Symposium on Photonics and Electronics Convergence (ISPEC 2017)

2017

Slow-light Si-wire Waveguide with Metamaterial

The Conference on Lasers and Electro-Optics 2018 (CLEO 2018)

2018




M. Eissa

Investigation of Thermo-Optic Wavelength Tuning Techniques of Hybrid 111-V/SOl DFB Lasers for LiDAR Applications

Compound Semiconductor Week 2018

2018

Yuning Wang

Photoluminescence Properties of GalnAs/InP Layers by Ar Fast Atom Beam for Room Temperature Surface Activated Bonding Toward
Hybrid PIC

Compound Semiconductor Week 2018

2018

Takehiko Kikuchi

High Efficiency Optical Mode Coupling Between Si Waveguide and 111-V/Si Hybrid Sections by Double Taper-Type Coupler
Structure

Compound Semiconductor Week 2018

2018

Weicheng Fang

Reduction of Lasing Wavelength Variation Due to Injection Current into GalnAsP/InP Membrane Distributed-Reflector Laser
Bonded on Si

Compound Semiconductor Week 2018

2018




Nagisa Nakamura

Introduction of Ridge-Waveguide Structure for Low-Power Operation of GalnAsP/InP Membrane Distributed-Reflector Laser

Compound Semiconductor Week 2018

2018

Broadband Infrared Refractive Index Measurement Using Plasmonic Antenna Resonance

the 9th International Conference on Metamaterials, Photonic Crystals and Plasmonics (META2018)

2018

DFB/DR

LQE

2017

2017 78

2017




111-V/s0l Si

2017

78

2017

NRZ PAM-4

2017

78

2017

DR

2017

78

2017

Ar-FAB GalnAs/InP

PL

2017

78

2017




u

Si

GalnAs/InP p-i-n

2017

78

2017

2017

78

2017

2017

2017

LQE

2017




V/S01 Si

LQE

2017

DR

LQE

2017

1.3

um

OPE

2018

1

2018

u

Si

GalnAs/InP p-i-n

20 Gbps

65

2018




65

2018

65

2018

65

2018

65

2018




1.3-um npn-AlGalnAs/InP

65

2018

111-V/Si

65

2018

111-V/s0l /Si

65

2018

GalnAsP/InP

65

2018




Fang Weicheng

Thermal Resistance Investigation of GalnAsP/InP Membrane Lasers

65

2018

Ar-FAB InP/Si

65

2018

65

2018

GRIN-SCH 1.3 um npn-AlGalnAs/InP

2018

2018




111-V/Si SOA

2018

2018

HP
http://www.opto.ee.e.titech.ac.jp/




