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Abstract: High speed directly modulated semiconductor laser offers high speed transmission rate with high reliability and low
cost,making it a cost-effective light source choice for 5th Generation Mobile Communication Technology (5G) fronthaul and
data center applications. There have been many researches on the performance improvement of high-speed directly modulated
semiconductor lasers. This paper reviews the development of high-speed semiconductor lasers from the aspects of uncooled
wide-temperature operation research and ultra-high-speed bandwidth improvement. We also briefly introduce our work in this
area.

Key words: directly modulated semiconductor laser; wide-temperature operation; ultra-high speed; distributed feedback laser;

detuning load; photon-photon resonance

0 gl - ) 2 AR B 28 (Direct Modulation Laser, DML) ,
= K T OO 8 9 I P 3 e X o T A AL R

et AU TR BEE R BT RAmE 8 EML F 2] T & % % > 10 km 5 1 3 5,

e T A F A ORI A L 2 T B R R A0 B S A
v 55 Fi B B A B, Ot 4R A W B B2
100 Mbit/s75 & By B i 2140 E Gbit/s B 45 & By
B, % H AR 3 {5 $ R (5th Generation Mobile
Communication Technology. 5G) fij 1% #1845 = .0
ﬁ':fj'ﬁgr%%%ébfﬁu 5 BE R BE % IR 5 T B

HTERAIFL RO EOLAEE RS
E’Jéfﬁ Co LR 3 A SCHF i A% iy FEAE T 58
AE A TCHIV &5 Jr AR 3] 7 VR 0 & R, e (E
JH e B AR O & 2 2R TR S0 2 AR
%% (External Modulation Laser, EML) 1 E % I

W A 459 :2022-05-17; 18 H#:2022-06-03 5
HETH . EKE AN AR NE (2018 YFB2201500)

DML A & (4 B PE B AR A, 5 H A i 2 0 ok
BT T R A O D B <10 k) P OAR
SCE B R AE 5G R AEAE oL (100 m<<il {7
FERE <10 km) SRR L DL EE R h R FE R
RO #7453, Bl 38 DML,

ARICEZ A FPIAT5 T BE ST 2 — 2 DML
o34 20 R 2 S 4R (Distributed Feedback Laser,
DFB) #0't & i A0 SCWF 58, T XS 5G {15 55 1 ] 75
K JE I SR B DFB SO A% 8 B98I0 A
A SO XS DFEB JHOG & © A7 19 B SR 547 0o ;
55 %l = DML, B A5 X 2 HE A TR 1Y 42

455 R A A . 2023-04-10

fR& A W5 (1998 —) W B3 IR A . B, BT 5005 1) o B BB 15 4

WEEE KW, # 4% . E-mail: mmz@hust. edu. cn

© Editorial Office of Study on Optical Communications. This is an open access article under the CC BY-NC-ND license.

55



O 38 5 WF 5

2023 4F i 21 EEE 236 Y

Fh 48 B DML(=>50 GHaz) 7 7 i B 5
1 Si# DML Eit

RS T OUAZ fn i DML, H & 6 R RE S 1l
SRS (D BA HIEM AR 450, LA R0 ™
AOG s (2) Fo VR BT B BE B R B BT B9 K
Ko XF 5G AL AR o0 AR TR E R RE (O
W B L BEFE AR TIT-V 2 S Bk L 48 (InP) Al
FIE M U JC Ak & 4 InGaAsP Fil InGaAlAs, B
InP {40 s B4 BRE R L 38 2o B 4 — 3 43 (11D
/B CV) TTER Ll H 7E — 2 Bl Al A S
InP fh & DT TC (9 = JC 1 DU IC 25 B, A TTIT 8 5 985 5 I
R, R B S SE B R LA R B S A S
RJZ VIR B InP 46 I & A b, & 4% DS AT DR IR 32 5
A K

DML 75 2 5 45 48 2R X J5 A O 377 e i A 1]
PR ESE S RiB & Wi N R A R (P < 2 S
(Ridge Waveguide, RWG) %5 4 1 #5 B 5 57 (Bur-
ied-heterostructure, BHD I S &5 #5733 i Fh 4%
R R R E R 1 FrR™ . X RWG 454 1
S\ m R A IR E (Active layer) B 3T 5 %
AL 2 A AT 5 308 AT S5 3 ke 5 5 4 DT O
it gha) b R I8)Z 9 s B ) b ad 20 ik b
JZBZ i LR e R — SR 2 pm, R
RN 2 pm F T2 R 5 R A8 R R ) F
SRS AR AR — i — T LUK 37 IR A2 181 1 ()
LB BN, X BH SaWmE, Hhm 5
RWG 45250, 16 i) b BH 3 5 45+ 3 5 16 A TR
X J& FEIPLF 17 PN 45 (PN junction) > Jal /N 5 X
PRBL A TR IX AT R EE InP 4T 55 00K, I
] b8 WA — i — I 37 5 R S5 4 LK Ot 37 BR i 7E
B 1(b) B ke 22 150 Fl PN 79 b 4 A ) X001 3 A
MEARX MEBATZ . BH I S 45 1A IR
DCARFREE /N, TT RE 8 2 71 8 80 L (H IR Iy BH i &
SR E BN A0 T2 W B2 o K A S A
K, I 2 WA IR DX AT 20 h, T RBHT Ok TR A — R
Filfa] B0 AT . RWG 45 0 T 22 ] 214 Z)
i, JEHE ZWAME , T2 A B H AR E  H R 98 T AR
=R

P DML i 28 HA RAF B BRCE . DFB #0t
i DS G o 221 ol 4 D6 A T B A R A SRR L X
— M5 E LA B — ¥ (Fabry - Pérot Inter-
ferometer, FPYWOLES AR . HETH HI 200
AT A/ 4 ARES S (A S GBI A SO e AR
56

#7&‘%}2
S
1 ]
(a) RWG
InP fa 13 &
B 3t AR 84 A
J ey PN é’é\ I : \
b . . ;
1 ]
(b) BH

B 1 RWG%#4 BH % $4HcER0
Figure 1 Schematic diagrams of the RWG structure
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Table 1 Representative achievements of wide temperature and high speed DFB lasers
WE Fh 72 i R ) 5 ik &
1 1999 RWG, InGaAsP # #,280 pm & Kk 10. 0 Gbit/s@70 C [12]
2 2002 RWG, InGaAsP # #,300 pm JF K 10. 0 Gbit/s@85 °C [14]
3 2000 RWG, InGaAlAs # # 10. 0 Gbit/s@85 C [19]
4 2003 RWG, InGaAlAs # %, 200 pm f& & 12.5 Gbit/s@115 C [20]
5 2004 RWG, InGaAlAs # #, 250 pm JE K 10. 0 Gbit/s@120 C [21]
6 2009 RWG, InGaAlAs # %, 160 pm &K 25.0 Gbit/s@95 °C [22]
7 2009 RWG., InGaAlAs # #. 200 pm J& K 25.0 Gbhit/s@85 C [24]
8 2006 RWG, InGaAlAs # #, 100 pm JE K 40. 0 Gbit/s@65 C [26]
9 2008 BH % %, InGaAlAs # ¥, 150 pm K £ 40. 0 Gbit/s@75 °C [28]
10 2009 BH 3% &, InGaAlAs A7k, 100 pm fE K 40. 0 Gbit/s@85 C [29,30]
11 2015 BH #% % . InGaAlAs # %, 120 pm &K 50. 0 Gbit/s@85 C [31]
12 2022 # A Y ) RWG, InGaAlAs # % BRTA-EANERTRE [36]

% 8 RWG # 5 3.7 GHz
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Figure 2 Schematic diagram of the laser with groove-in-

trench ridge waveguide structure
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Table 2 Representative achievements of ultra-high-speed lasers

%5 4 ERCE ) EEPSE A
1 2007 RWG,250 pm DFB # % 48 +300 pm 7 JE K 4% % % 29 GHz@40 mA [44]
2 2011 RWG,150 pm DFB # ot % +200 pm T IR K 4% % % 37 GHz@70 mA [45]
3 2012 BH # %, 200 pm DFB # % # 4200 pm T J§ R 4t # 2 34 GHz@60 mA [46]

RWG, 220 DFB ¥ X # +330
4 2015 ‘ e PR e B B, % >30 GHz  [49]
T UE S (AL ) 4340 pm A B K% S (R E R O
5 2016 RWG,375 pm DFB # ot 2% +220 pm H & K 4% % 2 59 GHz [50]
6 1997 RWG, 200 pm FP JE 4300 pm DBR 31 GHz@130 mA [53]
RWG, 450 pm FP JE +500 pm DBR+ ]
7 2005 } ) ) 37 GHz@172 mA [54]
500 pm 7 JF K 5 (G & A8 A
RWG, 50 um DFB # % # +200 pm DBR, ]
8 2017 ) T ) 55 GHz@36. 2 mA [55]
Rl B AR k3% A 2 2% B AR PPR X v B
BH # % ,80 um DFB # ot # +120 pm TR # %,
9 2020 . . 65 GHz [57]
TR T R 300 Kg &
BH #% % ,80 umDFB # ot # +120 pm T IE ¥ %,
10 2020 ] 75 GHz@65 mA [58,59]
TR T AR 300 Kg &
BH % 5, Bl i & & # A T B 48 & % #L ) DBR,
11 2021 o . 65 GHz [59]
REFEEHE
BH 3% % .7 DBR Fi#% % #4 wi%
12 2021 ] , 65 GHz [59]
AR e REREEHE
BH % % . 80 pm DFB i#% % # +60 pm DBR., )
13 2021 108 GHz@27 mA [60]

R N F WA

2007 4E, B¢ H1E DFB OGS e £l 7 — B
TCUE WS, BN7E DFB J5 4 W — A J0 W I i A0 L 32
BT JC TR R G #% (Passive Feedback Laser,
PFL) A &, B W ) e 7R AT PPR 3% #I 06 11
7 £ IE R T 40 mA TR H A R m R T
29 GHZ™ JBbJ5E . PFL A7 56 AS W 2 i, 38 2 1t 1k
Bt ] Al 4547 5 4> B8 ) 37 GHz@ 70 mA™ Fl
34 GHz@60 mA"™™ Bk T PFL Z4b. R 7E 2003 4F,
A TE DFB 0% 38 J5 4 34 i — BoA 6 I 5 42 it
S S A5 ARG R I e U R I AR AL L B R A TR R
28 (Amplified Feedback Laser, AFL) f#f &, {H
W) IF Ve A7 H F 8 i A 98 00 B T B AFL
AT LA S0 VR A 5T 1 5 B R A A, B 2
T Gy W5 B B i 17 L AR T F TR B T PSS
T A NEI HE 2015 4. A H S AFL AL 0
LH XU Wi 715 2016 4F, AFL B4 58 ¥ J 3]
59 GHz, it AFL 404 375 pm K # DFB 0% % Al
220 pm KA W R B0, Bk PFL 1 AFL Z
Hh T SC TR B9 & A DBR 9 DML L a] DLW € )
PPR 0 7 2 19 B i 1, B DBR A 0] Lk oy
E—NAME, S5 AR BT, ], DBR A
DR #4628 1T 8] i) 2% 38 in 2% 5% 8 Al PPR 280
PR P FE 1997 AF A AHOCIF5Y . 200 pm K

) FP AN 300 pm K A9 DBR AR 145 58 30 5 2
31 GHz@130 mA™* ;2005 4F , £ DBR 0% %8 4h 4k
BR8] X, PR e R E) 37 GHz@172 mA.,
it — L AR SE . A 2 R UK DFB OGRS
DBR 4 %7 — 2 (19 DR #0648 717 58 0 5, 38 1 5 i1
P15 A DFB F1 DBR #8389 HL 3 . A (] iR 2K
JNEZ AL AT PPR 0N $5 i 4 5 RCR B KAk AR A
Yot R E 50 GHz: £ 2017 4FE, DR #0OE #% (0 47
FEAl LA 355 GHz@36. 2 mAY ;5 h4k T DR
WOt as B9 T2 SR AR — A W2 89 7 ¥ 78 R K/
TAMEEE BT OGS YA 5835 B 24 GHz@
60 mA“Y PFL Ml AFL %5 A1 s 52 5% 30Ot 2% 30 2 78
DFB 3Ot & 1 5 52 i 42 iR 158 A1 1 DFB 30O 2% 19
S A R 3, HRE R PPR 0 48 i iy o, 32
FHABR . -1, DFB+ R J5 58 (194 H A 15 Bk 2%
[ 56 2E 1% T 60 GHz, RIFE DFB 306 2% ) 5 o 4
B— TR DFB OGS I — i i [, 48 By G
VR T AR v BT — 8 RO R (30 ~8%0) , I &5 4 ]
W SRR N R e K4k L A DFB+R #OC# B A
I % B AR 4% o B A TR Bl O 4 4 2% L 1R BIUR
AT BB KB it BRI 32 AR, R I T 12 L SO A R AT B
AR E] 6557 1 75 GHz@65 mAPY , 2021 4E,
P& DFB+R 45 84 (1) [F] — 154 80 21 5] i 48 1 7 0UHS
59



O 38 5 WF 5

2023 4F i 21 EEE 236 Y

4 Z %L DBR OGS R A% fik DR 34O 3% , 75 il
S AR Y SR AR R AR T S R R 8 B, AT DA
JEAS Y B S 4 TEBE L R R R 98 i 2588007 AT PPR A%
N, RN S5 8 1) DML 47 98 ¥ n] 15 %) 65 GHZ , [H]
A, ) v REE A R /0N B A R B 45 5 I BH
WS AE AL IS I 3k RN A PPR SN . B R IE
S0k OOk #8 B A 5E nT B i 100 GHz ik #
108 GHz@27 mA™,

JUETE BT A B B, 2 IR OGRS 194
Fe 0 LU 8 L EE R PPR &% AN 2K 38 i 28 5800
o [ A5 A A L 20 3 B 1 4 028 A AT R 5 o
RO AR TSR . BRI TC IR .

4 ZERIF

A SCER X DML [ & AR DL, 43 5248 T S i
= DFB 30t 2% F = 3 DML @ a5t 2o 58 iR
K DFB S#OG8% 1 7 5G A& 55 N % oK, & R4
R R, LRI E 1] 5 AR AR | AT AR R R LI T X
O R 15 B 7 2K B B DML 3 ¥ B R BF 5%
O BARCR T B B A L B R S RO SR
)R T HE A LU 3 100 GHz 35 3] 108 GHz@
27 mA BT ARSI 20, i & 5k 20 5 b5
HE, N —25 09 H bR 2 42 5 8 = M DML A I B R
EESE . WHETM R R RRE , BRATIA N RUE 1)
= DML K 23 ) B B F 5% TS5 R, FH i 5%

Sk

[1] Keiser G. Optical Fiber Communications, 2nd ed[ M].
New York, USA: McGraw-Hill, 1991.

[2] Zhu N H, Shi Z, Zhang Z K, et al. Directly Modula-
ted Semiconductor Lasers[J]. IEEE Journal of Select-
ed Topics in Quantum Electronics, 2017, 24(1) :1-19.

[3] Matsuo S, Kakitsuka T. Low-operating-energy Direct-
ly Modulated Lasers for Short-distance Optical Inter-
connects [ J ]. Advances in Optics and Photonics,
2018, 10(3):567—643.

[4] Tang J M, Shore K A. 30 Gb/s Signal Transmission
over 40-km Directly Modulated DFB-laser-based Sin-
gle-mode-fiber Links without Optical Amplification
and Dispersion Compensation[]J]. Journal of Light-
wave Technology, 2006, 24(6):2318—2327.

[5] Morton P A, Shtengel G E, Tzeng L D,et al. 38.5 km
Error Free Transmission at 10 Gbit/s in Standard Fi-
bre Using a Low Chirp, Spectrally Filtered, Directly
Modulated 1. 55 pm DFB Laser[J]. Electronics Let-
ters, 1997, 33(4):310—311.

[6] Venghaus, Herbert & Grote, Norbert. Fibre Optic

Communication Key Devices: Key Devices[ M]. Ber-

60

lin, German:Springer, 2017.

[7] Coldren L A, Corzine S W, Mashanovitch M L. Diode
Lasers and Photonic Integrated Circuits [ M ]. New
Jersey, USA: John Wiley &. Sons, 2012.

[8] Ralston J D, Weisser S, Esquivias I, et al. Control of
Differential Gain, Nonlinear Gain, and Damping Fac-
tor for High-speed Application of GaAs-based MQW
Lasers[ J ]. IEEE Journal of Quantum Electronics,
1993, 29(6):1648—1659.

[9] Matsui Y, Murai H. Arahira S, et al. 30 GHz Band-
width 1. 55-pm  Strain-compensated InGaAlAs-In-
GaAsP MQW Laser[ ]J]. IEEE Photonics Technology
Letters, 1997, 9(1).:25—27.

[10] Casey Jr H C. Temperature Dependence of the Thresh-
old Current Density in InP-Ga,, 25 Ing. 72 Asg. s Po, s (A =
1.3 pm) Double Heterostructure Lasers[J]. Journal of
Applied Physics, 1984, 56(7):1959—1964.

[11] Hong J.Blaauw C, Moore R, et al. Strongly Gain-cou-
pled (SGC) Coolerless (—40-+85 C) MQW DFB La-
sers[J]. IEEE Journal of Selected Topics in Quantum
Electronics, 1999, 5(3) . 442—448.

[12] Massara A B, Williams K A, White I H, et al. Ridge
Waveguide InGaAsP Lasers with Uncooled 10 Gbit/s
Operation at 70 °C [J]. Electronics Letters, 1999,
35(19):1646—1647.

[13] White J K, Blaauw C, Firth P, et al. 85 °C Investiga-
tion of Uncooled 10-Gb/s Directly Modulated InGaAsP
RWG GC-DFB Lasers[J]. IEEE Photonics Technology
Letters, 2001, 13(8):773—775.

[14] Bang D, Shim J, Kang J, et al. High-temperature and
High-speed Operation of a 1. 3-pm Uncooled InGaAsP-
InP DFB Laser[ J]. IEEE Photonics Technology Let-
ters, 2002, 14(9):1240—1242.

[15] Van de Walle C G. Band Lineups and Deformation Po-
tentials in the Model-solid Theory[J]. Physical Review
B, 1989. 39(3):1871.

[16] Vurgaftman I, Meyer ] R, Ram-Mohan L R. Band Pa-
rameters for III - V Compound Semiconductors and
Their Alloys[J]. Journal of Applied Physics, 2001,
89(11):5815—5875.

[17] Kobayashi W, Fujiwara N, Tadokoro T, et al. Un-
cooled Operation of 10-/40-Gbit/s 1. 55-pm Ectroab-
sorption Modulator Integrated with Distributed Feed-
back Laser[J]. NTT Technical Review, 2010, 8(8):
1—8.

[18] Tsuchiya T, Takemoto D, Taike A,et al. Large Num-
ber of Periods in Highly Strained InGaAlAs/InGaAlAs
MQW Structures Grown by Metalorganic Vapor-phase
Epitaxy[ C]//Eleventh International Conference on In-
dium Phosphide and Related Materials (IPRM99). Da-
vos, Switzerland (Cat. No. 99CH36362):. IEEE,
1999.47—50.

[19] Aoki M. 85 “C-10 Gbit/s Operation of 1. 3 pm In-
GaAlAs MQW-DFB Laser[ C]//26th European Confer-

ence on Optical Communication 2000. Munich., Ger-



[IE

e T A% R ] 2 S RO £ T 5T

many: [EEE, 2000.:123—124.

[20] Nakahara K, Tsuchiya T, Tanaka S, et al. 115 °C,
12. 5-Gb/s Direct Modulation of 1. 3-pm InGaAlAs-
MQW RWG DFB Laser with Notch-free Grating Struc-
ture for Datacom Applications [ C]//Optical Fiber
Communication Conference. Atlanta, Georgia, United
States: Optica Publishing Group, 2003 :PD40.

[21] Takagi K. Shirai S, Tatsuoka Y., et al. 120 C
10-Gb/s Uncooled Direct Modulated 1. 3-pm AlGalnAs
MQW DFB Laser Diodes[ J]. IEEE Photonics. Tech-
nology. Letters, 2004, 16(11):2415—2417.

[22] Fukamachi T, Shiota T, Kitatani K, et al. 95 °C Un-
cooled and High Power 25-Gbps Direct Modulation of
InGaAlAs Ridge Waveguide DFB Laser[ C]//35th Eu-
ropean Conference on Optical Communication. Vienna,
Austria: IEEE, 2009:1—2.

[23] Fukamachi T, Adachi K, Shinoda K, et al. Recent
Progress in 1. 3-pm Uncooled InGaAlAs Directly Mod-
ulated Lasers[ C]//22nd IEEE International Semicon-
ductor Laser Conference. Kyoto, Japan: IEEE, 2010
189—190.

[24] Tadokoro T. Yamanaka T, Kano F, et al. Operation
of a 25-Gbps Direct Modulation Ridge Waveguide
MQW-DFB Laser up to 85 ‘C[C]//Optical Fiber Com-
munication Conference. San Diego, California, United
State: Optical Society of America, 2009: OThTS3.

[25] Nakahara K, Tsuchiya T, Kitatani T, et al. High Ex-
tinction Ratio Operation at 40-Gb/s Direct Modulation
in 1. 3-pm InGaAlAs-MQW RWG DFB Lasers[ C]//
Optical Fiber Communication Conference. Anaheim,
California, United States: Optical Society of America,
2006: OWC5.

[26] Nakahara K. Tsuchiya T, Kitatani T, et al. 40-Gb/s
Direct Modulation with High Extinction Ratio Opera-
tion of 1. 3-pm InGaAlAs Multiqguantum Well Ridge
Waveguide Distributed Feedback Lasers [J]. IEEE
Photonics Technology Letters, 2007, 19(19):1436 —
1438.

[27] Otsubo K., Matsuda M, Takada K, et al. Uncooled
25 Gbit/s Direct Modulation of Semi-insulating Buried-
heterostructure 1. 3 pm AlGalnAs Quantum-well DFB
Lasers[J]. Electronics Letters, 2008, 44 (10):631 —
633.

[28] Yamamoto T, Uetake A, Otsubo K, et al. Uncooled
40-Gbps Direct Modulation of 1. 3-um-wavelength Al-
GalnAs Distributed Reflector Lasers with Semi-insula-
ting Buried-heterostructure [ C]//22nd TIEEE Interna-
tional Semiconductor Laser Conference. Kyoto, Japan:
IEEE, 2010: 193—194.

[29] Otsubo K, Matsuda M, Takada K, et al. 40-Gb/s Di-
rect Modulation of 1. 3-pm Semi-insulating Buried-het-
erostructure AlGalnAs MQW DFB Lasers[ C]//2008
IEEE 21st International Semiconductor Laser Confer-
ence. Sorrento, ltaly:IEEE, 2008:19—20.

[30] Otsubo K, Matsuda M, Okumura S, et al. Low-driv-

ing-current High-speed Direct Modulation up to
40 Gb/s Using 1. 3-pm Semi-insulating Buried-hetero-
structure AlGalnAs-MQW Distributed Reflector (DR)
Lasers[C]//Optical Fiber Communication Conference.
San Diego, California, United State: Optical Society of
America, 2009:0OThTS6.

[31] Nakahara K, Wakayama Y. Kitatani T, et al. Direct
Modulation at 56 and 50 Gb/s of 1. 3-pm InGaAlAs
Ridge-Shaped-BH DFB Lasers [ J]. IEEE Photonics
Technology Letters, 2014, 27(5):534—536.

[32] Sato H. Highly Reliable 1. 3 pm InGaAlAs Buriedhet-
erostructure Laser Fabricated with in-situ Cleaning[ ] ].
Electronics Letters, 2004, 40(11):1.

[33] Paoletti R, Agresti M, Bertone D, et al. Uncooled
20 Gbit/s Direct Modulation of High Yield, Highly
Reliable 1 300 nm InGaAlAs Ridge DFB Lasers[C]//
2009 Conference on Optical Fiber Communication. San
Diego, California, United State:IEEE, 2009:1—3.

[34] Fukamachi T, Adachi K, Shinoda K, et al. Wide
Temperature Range Operation of 25-Gb/s 1. 3-um In-
GaAlAs Directly Modulated Lasers[ J]. TEEE Journal
of Selected Topics in Quantum Electronics, 2011,
17(5):1138—1145.

[35] Sasada N, Nakajima T, Sekino Y, et al. Wide-temper-
ature-range (25 - 80 °C) 53-Gbaud PAM4
(106-Gb/s) Operation of 1. 3-um Directly Modulated
DFB Lasers for 10-km Transmission[ ] ]. Journal of
Lightwave Technology, 2019, 37(7):1686—1689.

[36] Han Y, Tian Q,Yang S,et al. Direct Modulation Band-
width Enhancement of Uncooled DFB Laser Operating
over a Wide Temperature Range based on Groove-in-
trench Waveguide Structure [ J]. Optics Express,
2022, 30(9):15757—15765.

[37] Yagi H, Koyama K, Onishi Y, et al. 26 Gbit/s Direct
Modulation of AlGalnAs/InP Lasers with Ridge-
waveguide Structure Buried by Benzocyclobutene Poly-
mer[ C]//2009 IEEE International Conference on Indi-
um Phosphide & Related Materials. Newport Beach,
California, United State:IEEE, 2009.:371—374.

[38] Kobayashi W, Ito T, Yamanaka T, et al. 50-Gb/s Di-
rect Modulation of a 1. 3-pm InGaAlAs-based DFB La-
ser with a Ridge Waveguide Structure[ J]. IEEE Jour-
nal of Selected Topics in Quantum Electronics, 2013,
19(4):1—8.

[39] Vahala K, Yariv A. Detuned Loading in Coupled Cavi-
ty Semiconductor Lasers—Effect on Quantum Noise
and Dynamics [ J]. Applied Physics Letters, 1984,
45(5):501—503.

[40] Chacinski M, Schatz R. Impact of Losses in the Bragg
Section on the Dynamics of Detuned Loaded DBR La-
sers[ J]. IEEE Journal of Quantum Electronics, 2010,
46(9):1360—1367.

[41] Feiste U . Optimization of Modulation Bandwidth in
DBR Lasers with Detuned Bragg Reflectors[J]. IEEE
Journal of Quantum Electronics, 1998, 34(12):2371—

61



O 38 5 WF 5

2023 4F i 21 EEE 236 Y

2379.

[42] Huang J, Li C, Lu R, et al. Beyond the 100 Gbaud Di-
rectly Modulated Laser for Short Reach Applications
[J]. Journal of Semiconductors, 2021, 42(4):041306.

[43] Chang F. Datacenter Connectivity Technologies: Prin-
ciples and Practicel M. Gistrup,Denmark:Stylus Pub-
lishing. LLC. 2019.

[44] Radziunas M, Glitzky A, Bandelow U, et al. Impro-
ving the Modulation Bandwidth in Semiconductor La-
sers by Passive Feedback[ ]J]. IEEE Journal of Selected
topics in Quantum Electronics, 2007, 13(1):136 —
142.

[45] Troppenz U, Kreissl J, Moehrle M, et al. 40 Gbit/s
Directly Modulated Lasers: Physics and Application
[C]1//Novel In-Plane Semiconductor Lasers X. Inter-
national Society for Optics and Photonics. San Francis-
co, California, United States:SPIE, 2011, 7953:98 —
107.

[46] Kreissl J, Vercesi V, Troppenz U,et al. Up to 40 Gbit/s
Directly Modulated Laser Operating at Low Driving
Current: Buried-heterostructure Passive Feedback La-
ser (BH-PFL) [J]. IEEE Photonics Technology Let-
ters, 2011, 24(5):362—364.

[47] Brox O, Bauer S, Radziunas M, et al. High-frequency
Pulsations in DFB Lasers with Amplified Feedback[]].
IEEE Journal of Quantum Electronics, 2003, 39(11):
1381 —1387.

[48] Bauer S, Brox O, Kreissl J, et al. Nonlinear Dynamics
of Semiconductor Lasers with Active Optical Feedback
[J]. Physical Review E, 2004, 69(1):016206.

[49] Yu L., Guo L, Lu D, et al. Modulated Bandwidth En-
hancement in an Amplified Feedback Laser[J]. Chi-
nese Optics Letters, 2015, 13(5):49—53.

[50] Mieda S, Yokota N, Kobayashi W, et al. Ultra-wide-
bandwidth Optically Controlled DFB Laser with Exter-
nal Cavity[J]. TEEE Journal of Quantum Electronics,
2016, 52(6):1—7.

[51] Bardella P, Montrosset I. A New Design Procedure for
DBR Lasers Exploiting the Photon - photon Reso-
nance to Achieve Extended Modulation Bandwidth[ ] ].
IEEE Journal of Selected Topics in Quantum Electron-

62

ics, 2013, 19(4):1502408—1502408.

[52] Morthier G, Schatz R, Kjebon O. Extended Modula-
tion Bandwidth of DBR and External Cavity Lasers by
Utilizing a Cavity Resonance for Equalization[]J]. IEEE
Journal of Quantum Electronics, 2000, 36(12) :1468—
1475.

[53] Kjebon O, Schatz R, Lourdudoss S, et al. Two-sec-
tion InGaAsP DBR-lasers at 1. 55 pm Wavelength with
31 GHz Direct Modulation Bandwidth[ C]//1997 Inter-
national Conference on Indium Phosphide and Related
Materials. Cape Cod, MA, USA:.IEEE, 1997.665—
668.

[54] Reithmaier J P, Kaiser W, Bach L, et al. Modulation
Speed Enhancement by Coupling to Higher Order Res-
onances: a Road Towards 40 GHz Bandwidth Lasers
on InP[ C]//International Conference on Indium Phos-
phide and Related Materials. Glasgow. UK. IEEE,
2005:118—123.

[55] Matsui Y, Schatz R, Pham T, et al. 55 GHz Band-
width Distributed Reflector Laser [ J ]. Journal of
Lightwave Technology, 2017, 35(3):397—403.

[56] Liu G, Zhao G, Sun J. et al. Experimental Demon-
stration of DFB Lasers with Active Distributed Reflec-
tor[J]. Optics Express, 2018, 26(23):29784—29795.

[57] Che D, Matsui Y, Chen X, et al. 400-Gb/s Direct
Modulation Using a DFB+ R Laser[J]. Optics Let-
ters, 2020, 45(12):3337—3339.

[58] Matsui Y, Schatz R, Che D, et al. Isolator-free >
67-GHz Bandwidth DFB + R laser with Suppressed
Chirp[ C]//Optical Fiber Communication Conference.
San Diego, California, United States: Optical Society of
America, 2020: Th4A. 1.

[59] Matsui Y, Schatz R, Che D, et al. Low-chirp Isolator-
free 65-GHz-bandwidth Directly Modulated Lasers[]J].
Nature Photonics, 2021, 15(1):59—63.

[60] Yamaoka S, Diamantopoulos N P, Nishi H, et al. Di-
rectly Modulated Membrane Lasers with 108 GHz
Bandwidth on a High-thermal-conductivity Silicon Car-
bide Substrate[ J]. Nature Photonics, 2021, 15(1):
28—35.



	01-8,44.pdf
	09-18,68.pdf
	19-22.pdf
	23-28,39.pdf
	29-33,78.pdf
	34-39.pdf
	40-44.pdf
	45-54.pdf
	55-62.pdf
	63-68.pdf
	69-78.pdf



