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Abstract: In order to develop a near-infrared band fiber grating external cavity semiconductor laser for quantum precision
measurement applications, a high polarization dependent gain chip and a birefringent fiber Bragg grating were designed
independently, the effects of grating reflectivity, external cavity, and chip length on laser linewidth were systematically analyzed
based on the Fabry-Pérot equivalent resonant cavity model. The results showe that the developed laser achieves an output power of
54.46 mW, a side mode suppression ratio of 58. 88 dB, and a polarization extinction ratio of 24.46 dB. The Lorentz linewidth
measured is 2. 69 kHz by delayed self-heterodyne beat frequency method. This study provides a reference for the single frequency
narrow linewidth external cavity semiconductor lasers with independent design and preparation of discrete devices, and is expected
to be used in quantum precision measurement fields such as radar imaging, gyroscopes, magnetometers, and atomic clocks.
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Fig.2  Numerical relationship between grating reflectivity, external cavity

length, gain chip length and the laser linewidth
1.3 SMRitHlE
XTSRS SEEE R O HOEE W25 BOR

TEARMR Y621 ( polarization-maintaining fiber, PMF) ( Cor-
ning, PM780) Hffil #5 19>, BT A 3 B i Y MG
J¥ Ly =6.00 mm, [& 1b Hp 2R il 2 2 3 45 08 1 19
ASE 3% , 140t £ S A W ks G S S 3, TE AT TM 5
FRUE(E I K43 3k 852. 330 nm FiT 852. 585 nm, Xif hj
AT HHE An =1.448 x 107 (An = AA g qyap/2A4) , H
H AN e 2278 PR U P 22, A R S A
o BRI 22 A T4 5 i I A2 =X 3 4 22, OF
SEPH E R 3R 1 6 B (polarization extinction ratio, PER)
WOt o JeHl Y 1 AL i L ( side-mode suppression
ratio, SMSR) 43512}y 20. 633 dB F120. 250 dB, 41[& 1b
HAAE I B 7 o A WS G 89 = SMSR A B T4 Tt
ECSL ) FBERE{E o

g Bk B OFRY 150 mm 54K (Lg ) GaAs
REF R AR T S R A T A
FARAOE A, O o DR BB ) o XL RE 8 D /)
Ky R AR ) 7, AR (L S i T RS A P 5
A TR TR A 0 A P L i 0 B A
P/ SEVRZ AR 405 A N A 0 S5 50 I s
VEAR S

Tk 2P A AR 2 A TR GEF BDGAF R G gk
TS 250 AR ARE Y i 3a B R [l Ly A0

OSA

[ ]

power meter

intensity/dBm

intensity/dBm

K3 a4 SR R MIRFFIEI B RS b, c— AR iR M A Al
AHLI T Y ASE 3%

Fig.3 a—measurement system of the polarization characteristic for the gain

chip b,c—ASE spectra at different polarization angles and differ-

ent injection currents



7 LT S

2024 4E 11 A

L, 5, P e Im ik ds. & 3b & 3¢ BoR 71
fit 0 FEAS [ B £ RO ACHL IR R A ASE 4%, X st
SRR B T PR 500 i B Bl BAT — 1 I R
PE, N TM B E TE S il 28 AT 5 | A2 19 ASE
W R 3l , 2 vl T U5 XA T Bk G T B AR O 2 o g
TR FARBA R R SR TC R AR 22 [B] A 0GR, He AR
it h R EE A T | TR A G . S —
S Z B B S 3 L, 3 A8 Y
TE fi Rt bt X AR T TE Bihy s,
S BE R AR 15 22, S R RO AR Y PER
2 HSERRERERIE
2.1 EHE

4 RS Fiv 7 i SR O 1 AN ) 381 Y- H R
(P-I-V) FePEZR B T B kil A S B 2 SO G i 1Y S 22
JEHUREPE o T ACHL IR R EE 53 31] rh e P 7 r, A YA
AR Yl A o e L OR3P OG5 20 AR
(optical spectrum analyzer, OSA ) £l 3y 2311 18 & 5 't
T AR I A PR ST BERBOE 20 pm,

20 : : : :

10 ——| 2;=852.3199 nm 1
ok SMSR:58.88 dB
~10f
_20_
_30_
—A0F
-50
—60%—

intensity/dB

848 850 852 854 856
wavelength/nm

£ i
£ S
) -10 2
g g
- 20 &
85 S0k

—40 2

851 —50
50 100 150 200 250 300

current/mA

B4 a—EARYY 300 mA WA b—#SDEGIEE A EAR
Ui R E AR (I ]
Fig.4 a—laser spectrum at the injection current of 300 mA  b—color jet

plot of the laser spectra as a function of the injection currents
4a 7R T 300 mA UGS, WO A AE A 5
FEWE K A, = 852. 3199 nm A SZHL T 58. 88 dB iy
SMSR., #Otas 2L m SMSR,, B 15 4 Wi 4% 6 i)
15 SMSR FHG , 6 5 R 3G 25505 - AR IR )2 X6 L i
B A Ml A X, B 4b BIR T4 50 mA ~
300 mARYPEE F R (25°C) T UG ISR A T AR I

BRI (A s S BT, T LT I b WL 5 B O i IR 24 R
FRE BRI BRI B, 75 R SO TR [ Ab 2=
FOI A 2 TEFAE T, HR 000 ) 238 15 AN k7= B () A1 3
%

B5 2T 5E 4 AHXF R SMSRFIH I 1 Bl
TG 0 1 AR AR DL DA B ORI P-1-V R
(L FEL R AE 54 mA FfFE, S K% 1 D)8 54. 46 mW , Xt
N ARNRAL R 0.22 W/A, B DK RS 5 Th SR
AR5 XoF oy AR Bk AR | 336 J2 Pl T A FEL TG - 30
i O T LR T, AR P PR R S A R T 3R AR A,
U T IR AR o AR A i R S S R
A A IR AR X SR D B e N AR 0 S FBG AM R
P 2 [ 3 4 il 7 A B AR 2R MR

852.34} leo
e
£ 85232
) /m
< 140 =
& 852,30} =
5} [7p]
© >
§ 852.28 Do XA
852.26}
0307700 130 200 250 300"
current/mA
2.5 T T T T T T
b 160
2.0F =
E
Z 1.3} 140 5
g g
S Lot 1o g
&
0.5} =
o ©
OO L L L L I L
0 50 100 150 200 250 300

current/mA

5 a—UNIIC SMSR AR A TE AL R BRI OL  b—ROLAR Y P-
LV At
Fig.5 a—variation of the laser wavelength and the SMSR with the injection

current  b—P-I-V characteristics of the laser

2.2 RiREFIE

WOLAR R PR AL R S 3 286 R A R A D7
I, N 3a s . 18 6a J2 300 mA i DR A AR
FRE IR AR AR L. 0°F1 90°43 51124 TE A5l TM 52K
ki H 6N a0 TR 40. 71 mW AT 0. 1457 mW,
PER {H rppg =24. 46 dB (rppq = 10lg (Ppy/ Py ), Ty Fl
Ty TE A1 TM #2042 %) o [ 6b FITE] 6¢ 7
B TE A1 TM B EAHOETE . #h 4R AT RESR
PTG 225 R4 a4 PR ) T 5 R0, A D Ay 298
TE FI TV RO B o T8 A IR A 38 i 5 200
it T BT BRI A, 7 A e A 2 22, TE
B DR FHACR T T B2, XA PER 40K



$48 % A6

BRINFE ST A WA S M A 28 5 o S 28 775

BEEA R THEINTHE I. @ PER BR 15 XU S A )
AR EAE 4 Dl IR AR R AR S5, 38 5 YEMEXT 38 485
1 T A IR AR A 5

100°__80°
7 6

output power/mW

260°  280°

b Ar=852.490 nm |
SMSR:49.03 dB

intensity/dB

848 850 852 854 856
wavelength/nm

|

848 850 852 854 856
wavelength/nm

C

Apy=852.490 nm
SMSR:29.51 dB

intensity/dB

6 a—fh RS MIRMAER b, c—TE B T™M BUR#SHOE
=
Fig. 6 a—relationship between output power and polarization angle b,c—

laser spectra of TE mode and TM mode
2.3 it

WO LR TERRVERAL R FHZE RS [ Sh 2210,
HRE W Ta Fis . BOEOLE 6 IR B (isolator,
IS0) J5# 90/10 #4524 C, 433, 10% HyL2e G il
#x (acoustic optical modulator, AOM) , F=4: 80 MHz [
RS . 90% Mt HE 20 km SGETF FIERLES e f% 55 ( Fara-
day rotating mirror, FRM) #£47 0. 20 ms A} 2E , 8 i
I 45 (circulator, CIR) VEAGHAS C,0 FMFEAL T
TR AT 7 AR A B R R R BT 5 Y BRI
FEXTFAS A 20 . FRM 5 CIR (414 w] LASEIR 2 fi%
TOCEF BERYIE S, FF080/ NG LT Fp i AR S AT LRI
SO I PR A B ST A R G R R I

(photodetector, PD) JEA7 G HL LG , P38 44 F A3 0 A
A% ( electrical spectrum analyzer, ESA) 3% 15 A #ii o))

driver

experiment
Voigt
Gaussian ]
Lorentz

intensity/dB
b
()

79.95  80.00 80.05  80.10
frequency/MHz

~100¢
79.90

7 a—IEM HANERTEM L R b—IABIN RS KA i £
Fig.7 a—linewidth measurement system of the delay self-heterodyne b—

beat frequency power spectrum and fitting curves

AL 300 mA s (P05 ) 4335 i 22 K AU
AL Th s, B RLL A SR O FE AL )
A% Lorentz , Gaussian £ Voigt $U1 & filj 2k, Voigt 21
B 7 IR R Y Lorentz 351 1/f MRS AHICH) Gauss-
fan A B AR E R SR AT i KA LR w1/
Mg PO 24 T ) 5 ) 1 R AU G i 2 Aok
FRM 5 CIR (4 G 980/ 1 AR [R]DGAR i ity — 2B B
TEIRIGET Wl 7 1/ W O (R A3 2 9, ) S Y 4
W AR5 5 Lorentz $) & Ml 4 01 S 2 4, 2 it AU (1Y
Lorentz 28 A, 833152 Lorentz $8l-& Hi2k /Y 3 dB 5 %
VE DA w45 21, 2 50 i/ ME N 2. 69 kHz, R
R R A SRR B3, EDUE 1 AR S G Y 5
A HRAS o TEE S LAE T MR 1 T SR X SO0
ARG PR REL M P R X 5 R MR A R, LA S
B R 3853 4R T8 L2 R s 4 i

3 4

ASCHHGE T — PP TR G AT A A& S Y
LM BEAE 4R v ECSL, & T F-P S QUR ik i 15 8 I
R A ARS8 i AR U S A s S 13 -0
b, SEBL T —FpLs by S T2 R Al ] A i
S LR S SO R R i . R AEIR [ 4R
F0 T 1 AR K AR 25 R S IR 2 2. 69 kHz, S 4b
ECSLAZIL T 54. 46mW [ Ay 1 3 % 58. 88 dB {1y



776

Wt AR

2024 4E 11 A

SMSR #124.46 dB () PER, ZBOCA UM 5 5 BERS D"
JEE B e e a8 D1l T T I £L AN B, 6
T TN 2 DN e QU ) 1 S L

(2]

[5]

(6]

[11]

[12]

[13]

[14]

s £ X #
XU Q, SHEN S, XIE X M, et al. Quantum optical techniques for la-
ser detection and ranging[ J]. Laser Technology, 2021, 45(1) : 44-
47 (in Chinese).
o, R, WHBEL, S M TEOLEB MR ORI,
WOtEAR, 2021, 45(1) . 44-47.
SHI H, CHANG P, WANG Z, et al. Frequency stabilization of a Ce-
sium Faraday laser with a double-layer vapor cell as frequency refer-
ence[ J]. IEEE Photonics Journal, 2022, 14(6) ; 1561006.
CHOU C W, HUME D B, ROSENBAND T, et al. Optical clocks and
relativity[ J]. Science, 2010, 329(5999) : 1630-1633.
LUVSANDAMDIN E, SPIEGBERGER S, SCHIEMANGK M, et al.
Development of narrow linewidth, micro-integrated extended cavity di-
ode lasers for quantum optics experiments in space[ J]. Applied Phys-
ics, 2013, B111(2) . 255-260.
LUDLOW A D, ZCLCVINSKY T, CAMPBELL G K, et al. Sr lattice
clock at 1 x 10 ~'® fractional uncertainty by remote optical evaluation
with a Ca clock[ J]. Science, 2008, 319(5871) : 1805-1808.
HUMMON M T, KANG S, BOPP D G, et al. Photonic chip for laser
stabilization to an atomic vapor with 10 =" instability [ J]. Optica,
2018, 5(4) : 443-449.
ZHANG ] W, NING Y Q, ZHANG X, et al. Development and future
of vertical cavity surface emitting lasers operated at high temperatures
(invited) [J]. Acta Photonica Sinica, 2022, 51 (2):0251201 (in
Chinese) .
SREAR, TR, KA, AF. R IR T B R SR RO
ar UK SR (R ) [1]. 072740, 2022, 51(2) = 0251201.
HE X K, HOU H, FENG L T, et al. Experimental study of 1550 nm
single frequency pulsed fiber laser amplifiers[ J]. Laser Technology,
2011, 35(2): 145-148 (in Chinese).
fApsEgs, o, IR, 4. 1550 nm BUK OB E oG HOR AR
SCHRRFSELT]. WOBHAR, 2011, 35(2) ; 145-148.
FABIAN M, NICOLE K, BENNO W. Stabilized laser system at 1550
nm wavelength for future gravitational-wave detectors[ J]. Physical
Review, 2022, D105(12) ; 122004.
KRAKOWSKIA M, MEGHNAGIA M, AFUSO-ROXOA P, et al.
Modulated DFB-ridge laser diodes at 894 nm for compact Cesium
CPT atomic clocks [ J]. Proceedings of the SPIE, 2023, 12440.
1244004.
JIMENEZ A, MILDE T, STAACKE N, et al. Narrow-line external
cavity diode laser micro-packaging in the NIR and MIR spectral
range[ J|. Applied Physics, 2017, B123(7) :1-14.
YIM S, KIM T, CHOL J. A simple extended-cavity diode laser using
a precision mirror mount [ J ]. Review of Scientific Instruments,
2020, 91(4) :046102.
GUO T H, WANG Y F, YU G L. Selection and analysis of theoreti-
cal model of fiber Bragg grating external cavity laser diode[ J]. La-
ser Technology, 2017, 41(2) : 225-230(in Chinese).
SRR, T, T)AL JBEOUME AN S AEOE 4 BB A
BTSR[] BotEoR, 2017, 41(2) . 225-230.
WANG Zh Y, CHEN Ch, SHAN X N, et al. Simulation of noise

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

characteristics of fiber grating external cavity lasers[ J]. Laser and
Optoelectronics Progress, 2017, 54(1) ;011401 (in Chinese) .
FHE, FE, BEH, F OGN S AROG & ES R
PRI ], BotS e FEbE, 2017, 54(1) :011401.
ZHANG L, WEI F, SUN G W, et al. Thermal tunable narrow line-
width external cavity laser with thermal enhanced FBG[J]. IEEE
Photonics Technology Letters, 2017, 29(4) . 385-388.

PAUL A. MORTON, MICHAEL J M. High-power, ultra-low noise
hybrid lasers for microwave photonics and optical sensing[ J]. Jour-
nal of Lightwave Technology, 2018, 36(21) . 5048-5057.
HISHAM H K, ABAS A F, MAHDIRAJI G A, et al. Improving the
characteristics of the modulation response for fiber Bragg grating
Fabry-Perot lasers by optimizing model parameters[ J]. Optics and
Laser Technology, 2012, 44(6) : 1698-1705.

HAO L, WANG X, JIA K, et al. Narrow-linewidth single-polariza-
tion fiber laser using non-polarization optics [ J]. Optics Letters,
2021, 46(15) : 3769-3772.

LUO X C, CHEN C, NING Y Q, et al. Single polarization, narrow
linewidth hybrid laser based on selective polarization mode feedback
[J]. Optics and Laser Technology, 2022, 154 108340.

HENRY C H. Theory of the linewidth of semiconductor lasers[ J].
IEEE Journal of Quantum Electronics, 1982, 18(2) : 259-264.
MALINAUSKAS M, ZUKAUSKAS A, HADEGAWA S, et al. Ul-
trafast laser processing of materials: from science to industry[J].
Light: Sciences and Applications, 2016, 5(8) : e16133.

XU H W, NING Y Q, ZENG Y G, et al. Temperature stability of
InGaAlAs, InGaAsP, InGaAs and GaAsquantum-wells for 852 nm
laser diode[ J]. Chinese Journal of Luminescence, 2012, 33(6) .
640-646 (in Chinese) .

ARG, TOKIE, B ER, . 852 nm 2L RRHOLE InGaAlAs,
InGaAsP, InGaAs Fil GaAs & FBFHIREEREMELT]. S06F4k,
2012, 33(6) : 640-646.

VERMERSCH F J, LIGERET V, BANSROPUN S, er al. High-
power narrow linewidth distributed feedback lasers with an Alumin-
ium-free active region emitting at 852 nm [ J]. IEEE Photonics
Technology Letters, 2008, 20(13) ; 1145-1147.

LUO X C, CHEN C, NING Y Q, et al. High linear polarization,
narrow linewidth hybrid semiconductor laser with an external bire-
fringence waveguide Bragg grating[ J]. Optics Express, 2021, 29
(21): 33109-33120.

WANG Y, TAI H, DUAN R, et al. Super-gain nanostructure with
self-assembled well-wire complex energy-band engineering for high
performance of tunable laser diodes[ J]. Nanophotonics, 2023, 12
(9): 1763-1776.

WANG Z, KE C, ZHONG Y, et al. Ultra-narrow-linewidth meas-
urement utilizing dual parameter acquisition through a partially co-
herent light interference[ J]. Optics Express, 2020, 28(6) ; 8484-
8493.

CANAGASABEY A ,MICHIE A, CANNING J, et al. A comparison
of Michelson and Mach-Zehnder interferometers for laser linewidth
measurements| C]//2011 International Quantum Electronics Confer-
ence (IQEC) and Conference on Lasers and Electro-Optics ( CLEO)
Pacific Rim. New York, USA.IEEE Press, 2011 1392-1394.
CHEN M, MENG Z, WANG J F, et al.
measurement based on Voigt profile fitting[ J]. Optics Express,
2015, 23(5) : 6803-6808.

Ultra-narrow linewidth



