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Abstract: A waveguide-based external cavity diode laser (ECDL) with one-dimensional photonic crystal nano-

beam cavity is proposed. In the design, the reflective semiconductor optical amplifier (RSOA) is hybrid integrated
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with a silicon-based nanobeam cavity through butt-coupling method. The nanobeam cavity has a high quality factor,

small mode volume and compact footprint. It is the critical passive device to build the narrow-linewidth tunable wave-

guide-based ECDL. We build a comprehensive simulation model to analyze the optoelectronic response of the wave-

guide-based ECDL with a nanobeam cavity. The spot size converter (SSC) is optimized to achieve highly efficient

butt-coupling between the RSOA and the single-mode silicon channel waveguide. And the influences of the insertion

loss of the SSC and the reflectivity of the nanobeam cavity on the performance of the ECDL are discussed. By chang-

ing the refractive index of the environment in which the nanobeam cavity is placed in the simulation, we can tune the

wavelength of the ECDL efficiently at a sensitivity of 120 nm/RIU. The size of the nanobeam in the designed ECDL is

only 0. 7 wm X 20 wm and the simulated linewidth is 30 kHz.

Key words: external cavity diode laser (ECDL) ; nanobeam  silicon photonics; hybrid integration
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Fig.9 The simulated PI curves of the ECDL: (a) the PI curves under different insertion losses of the external cavities. (b) The

influence of the insertion loss of the external cavity on the threshold current of the ECDL. (¢) The PI curves with different

reflectivity of the external cavities. (d) The influence of the power reflectivity of the external cavity on the threshold cur-

rent of the ECDL

5 % %

-

A SCHE T A nanobeam i 4E A A1 1S Sk A4
] JH I i ECDL ) 5 %8, JF /R T ECDL
B nanobeam FE , R U4 0.7 pm X 20 pm , ¥ />

T 3CHR[18, 2914 38 /9 330 34 i . W] B ECDL £k %8
U5 FLAE R 30 kHz, 5 1 )38 4k F 7 — 5 4

R T H F RSOA 5 fik 3 PIC ¥ 17 /8 & Fr 75 1)
SSC, H:7F 1500 nm - 1600 nm i B¢ & B 1 4 1%
F S G AR R R A B R M . 7 BL 3R W nano-



8 -

¥R

beam & B Q {5 250 2 x 10°, & 4R Il K M 1556. 7
nm, 3 TI% BB A ECDL 52 30 7 8] 3% K iy B fs
W5 I B iZ ECDL B9 41 35 22 94 18 250 % &5 35 120
nm/RIU . #F — 25 & 540 01 17 92 bR A0 i 4 A0 A

e B IR Y 7 £ 98 AT ECDL $2 it 1 AT AT
Bk

Brg e Bk X R IR A5 S A
Fo— TR S PR A 5 B L e SCiR S O T 4R 43

FIAN B S 55 2% ECDL I {8 H 3t ) 52 ), o F 1) {UFE SN EE LRIl

& X X #:

[ 1 ] CORCORAN B, MITCHELL A, MORANDOTTI R, et al. Optical microcombs for ultrahigh-bandwidth communications
[J]. Nat. Photonics, 2025,19(5): 451-462.

[ 2 ] FANG X, ZHU Y, CAI X, et al. Overcoming laser phase noise for low-cost coherent optical communication [J]. Nat.
Commun. , 2024,15(1) : Art. no. 6339.

[ 3 ] RICCHIUTI G, WALSH A, MENDOZA-CASTRO J, et al. Photothermal spectroscopy on-chip sensor for the measure-
ment of a PMMA film using a silicon nitride micro-ring resonator and an external cavity quantum cascade laser [ J]. Nano-
photonics, 2024,13(13) :2417-2427.

[ 4 ] RIEMENSBERGER J, LUKASHCHUK A, KARPOV M, et al. Massively parallel coherent laser ranging using a soliton
microcomb [J]. Nature, 2020,581(7807) : 164-170.

[ 5] HASEGAWA H, KANNO K, UCHIDA A, et al. Parallel and deep reservoir computing using semiconductor lasers with
optical feedback [J]. Nanophotonics, 2023,12(5) :869-881.

[ 6] &R, 24, FRX,F . AMEERATFIEEL L FEBOCHRIITRRE [T, #t5 b8 F Fut &, 2025,62

(03):11-24.

HUANG L, LIANG G, LI Z, et al. Research progress on tunable narrow linewidth semiconductor lasers integrated with

external cavity [J]. LOP. , 2025,62(03):11-24. (in Chinese)

G MR A M A F . EEE TSRO [J]. AR F AR, 2023,44(11):2011-2026.

ZHANG N, XIE Q, NA Q, et al. Research progress on silicon-based quantum dot lasers [J]. Chinese J. Lumin. , 2023,

44(11):2011-2026. (in Chinese)

[ 8 ] ZHOU Z, OU X, FANG Y, et al. Prospects and applications of on-chip lasers [J]. eLight, 2023,3, Art. no. 1.

[ 9 ] SHANG C, WAN Y T, SELVIDGE J, et al. Perspectives on advances in quantum dot lasers and integration with Si pho-
tonic integrated circuits [ J]. ACS Photonics, 2021,8(9):2555-2566.

[ 10 ] ZHANG G, CEN Q, HAO T, et al. Self-injection locked silica external cavity narrow linewidth laser [J]. J. Lightwave
Technol. , 2023,41(8) :2474-2483.

[11] MAIER P, CHEN Y, XU Y, et al. Sub-kHz-linewidth external-cavity laser (ECL) with Si;N, resonator used as a tunable
pump for a Kerr frequency comb [J]. J. Lightwave Technol. , 2023,41(11):3479-3490.

[12] CHEN C, WEIF, HAN X, et al. Hybrid integrated Si;N, external cavity laser with high power and narrow linewidth [J].
Opt. Express, 2023,31(16):26078-26091.

[ 13 ] ZHANG J, CHENG Z, DONG J, et al. Cascaded nanobeam spectrometer with high resolution and scalability [J]. Opti-
ca, 2022,9(5):517-521.

[ 14 ] ZHANG J, WU B, CHENG J, et al. Compact, efficient, and scalable nanobeam core for photonic matrix-vector multipli-
cation [J]. Optica, 2024,11(2) :190-196.

[ 15] IADANZA S, MENDOZA-CASTRO J, OLIVEIRA T, et al. High-Q asymmetrically cladded silicon nitride 1D photonic

—
~
[

crystals cavities and hybrid external cavity lasers for sensing in air and liquids [J]. Nanophotonics, 2022,11(18) : 4183-
4196.

[16 ] LIS, ZHANG D, ZHAO J, et al. Silicon micro-ring tunable laser for coherent optical communication [J]. Opt. Express,
2016,24(6):6341-6349.

[17 ] CHEN L, YU L, MA P, et al. Design of Vernier ring for external cavity laser with high side mode suppression ratio and
wide tuning range [J]. Opt. Commun. , 2024,554: Art. no. 130188.

[ 18] GUAN H, NOVACK A, GALFSKY T, et al. Widely-tunable, narrow-linewidth I1I-V/silicon hybrid external-cavity laser



WU, A5 ST 40T AR 98K HR ST IO AR O B BT 9

for coherent communication [ J]. Opt. Express, 2018,26(7) :7920-7933.

[ 19 ] ZHANG J, SOLTANIAN E, HAQ B, et al. Integrated optical transmitter with micro-transfer-printed widely tunable I11-V-
on-Si laser [ C]. Optical Fiber Communication Conference (OFC), San Diego California, 2022: Tu2D. 2.

[20] GAO Y, LO J, LEE S, et al. High-power, narrow-linewidth, miniaturized silicon photonic tunable laser with accurate
frequency control [Jl. J. Lightwave Technol. , 2020,38(2):265-271.

[21 ] TRAN M, HUANG D, GUO J, et al. Ring-resonator based widely-tunable narrow-linewidth Si/InP integrated lasers [ J].
IEEE J. Sel. Top. Quantum Electron. , 2019,26(2):1-14.

[22 ] CHOWDHURY S, WICKREMASINGHE K, GRIST S, et al. On-chip hybrid integration of swept frequency distributed-
feedback laser with silicon photonic circuits using photonic wire bonding [J]. Opt. Express, 2024,32(3) :3085-3099.

[ 23 ] COLDREN L, CORZINE S, MASANOVIC M, Diode Lasers and Photonic Integrated Circuits [M], Hoboken, New Jer-
sey: WILEY, 2012.

[24] YANG Y, ZHAO H, REN X, et al. Monolithic integration of laser onto multilayer silicon nitride photonic integrated cir-
cuits with high efficiency at telecom wavelength [J]. Opt. Express, 2021,29(18):28912-28923.

[25] QUAN Q, LONCAR M, et al. Deterministic design of wavelength scale, ultra-high Q photonic crystal nanobeam cavities
[J]. Opt. Express, 2011,19(19) :18529-18542.

[26 ] YANG D, CHEN X, ZHANG X, et al. High-Q, low-index-contrast photonic crystal nanofiber cavity for high sensitivity
refractive index sensing [ J]. Appl. Opt. , 2018,57(24),6958-6965.

[27 ] FAN Y, LAMMERINK R, MAK J, et al. Spectral linewidth analysis of semiconductor hybrid lasers with feedback from
an external waveguide resonator circuit [J]. Opt. Express, 2017,25(26):32767 - 32782.

[ 28 ] DOMENICO G, SCHILT S, THOMANN P. Simple approach to the relation between laser frequency noise and laser line
shape [J]. Appl. Opt. , 2010,49(25) :4801-4807.

[ 29 ] STERN B, Ji X, DUTT A, et al. Compact narrow-linewidth integrated laser based on a low-loss silicon nitride ring reso-
nator [J]. Opt. Lett. , 2017,42(21) :4541-4544.

B (1998-) , 55, I g 2 PH A 4
TWFFE A BB T AL R AR R R
AR TR, B Sk
HIRIESE

E-mail: huqingbo@bupt. edu. c¢n

K& (1986-), 5, IR I A, 1
oAb TR L K R L 2014 4F T AL
R P, DR 2 R A 2 i, R B A
T2 TR A7 B M S A5 45U 4 58 X
NS

E-mail: ydq@bupt. edu. cn

H—3R(1984-), 55 bt AL 1t b
SUIR EL R 2E T, 2015 4E T University
of Delaware $ 15 /8 -2 i, EE
RO TS .

E-mail: yangyisu@bupt. edu. cn




