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Abstract: In order to expand the continuous tunable range of a self-injection-locked laser frequency, the vari-

ation relationship of the injected locking phase of the Fabry-Perot (FP) microcavity during the frequency-
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thermal tuning process is studied. Based on the traditional frequency-thermal tuning methods, we explore the
frequency and phase parameter characteristics of a self-injection locked laser. We propose an improved al-
gorithm which adds self-injection locking phase compensation and DFB chip current compensation during
frequency-thermal tuning methods. Experimental validation of this algorithm is conducted on a FP micro-
cavity self-injection locked laser. The laser operates at a wavelength of 1550 nm with a 3 dB linewidth of
785 Hz, achieving frequency-thermal tuning methods of the FP micro-cavity using a pair of heating resistors.
The improved algorithm is implemented within the microcontroller program of the laser's original drive con-
trol circuit. No modifications are made to the hardware components of the laser. Ultimately, a continuous fre-
quency tuning range of 6 GHz is realized. This work provides a simple, efficient, and stable frequency-tun-

ing solution for self-injection-locked lasers, demonstrating high practicality and promising market prospects.

Key words: lasers; frequency tuning; self-injection locking; narrow linewidth
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Fig. 1 Physical image of laser and linewidth test diagram

OGRS B G R E I A 2 R, DFB
S A 5, GE ) R SO B PE 4 5 B (lens )
HEEL, R 5 2 WA OB RMIL AT RM2 4 AR
By, BE R A HE LTS 75 1 TR, O
Szt 5 (lens2) HEATHE L, SR 5 &5 — N HAA
G A R —A~ 520 FP L . S50 FP Gk A
S5 ity T S T, S G R ER A, PR T A
SR, — A 4 At S, o b — A i
B —AGHIF 8 (PD), T Wil FP e (38 A
RAS, 53— AN BRI [l 1 HE S i O S stk A 31
DFB its i, 7€ DFB 5 F B kA5 i 05 4, 24
[l i A ) — 2 B (E AT, R A] SC3% DFB ot
& G R, R A SR LR SO .
P SR A . AEASUE R, #Ot
i 041 R B 22 7F FP U A IR IR ATDR I, 4k 96 K
B RBCHL

sw  0f 1

~Q2Xm (D

6wfree

P Sw Ml Swie 7R HIEABUE J5 AREOEE H
A FRIRAS T BIHOLERTE; QM Q405128 DFB it
1 P Bt BT PR 5 1, 02 IR BRI, 2955
T RBDEsE I DFB & R HOEGR A L (E; &
BOLHEA DFB S F BIAHAL-RIERE & R AL

DFB Phase )
RM] ~>Lensl  chip  Lens2 shifter FP cavity .
/

i W e ma =

FP cavity

Isolator  Collimator N

RMZ\ S { j—=—Output i .;\./
~ 100'Q 100 Q

K2 BotsotRER
Fig.2 Schematic diagram of the laser optical path

2.2 HEERIEEN R AT

HOCAS SRS L % T B AL EE T B AILAA ) A
AN = 2551155 AN £ 541 500 N KV | P2 N
I FP S F g B, 151 3 (a) Sy BK S v g 19 Ji 2
HEF . X AHOGER M STM32F103RCT6 Hi 7l
VE IR S RIAZ O ITF . Bl DAC £ 4K
SRR | OGRS R H B A H R
(B AL T R i f B XA 7 2647
A T HIR R A A A e e AR L e 3 i R
e, T i ASCHRAL BEZ 2% . BOEHTER A
SR 55—t B BELGE FP At b4 i (&1 2
AR AR ), R AR FP O 0 3R A3, SC %
JEHUR A IS . ADC 23X A%, WOGHLI L
P, BEL 1P i ) PR S AL A7 SIS W 42, IR R AR 2 Y
B R LB BB, AR5 B R HLRY A ShBTE
FEFP Ao LR OIS . FRLUR . TEAARALSEBIE
SR AEABUE, BUE LR M 3(b) iR .

PALBTE S H Y2 T S E0E A,
FRAEBIUE fUE5K DFB GG B UG AR FP R
[y LR 3 IF B AOGHA S DFB S N
AIBOCARGLARDERC 0, |3 S i St
FEAIT: 56, MH] PD SRAE BN BRI B A A
P WEAE )57 E, OR 30 2 8173 2R AR, G ee
(ELA B A% S BNHOE L TR0 A4 Hh 8] DX P
FEAMNLEE HIEAPTERIIEAR, A8 A
A7 B [ o W A7 8t e A BE, AT - 85
BOUICR KA . R EIR AN DB S
ZIk, Eﬁﬂj@ﬂ‘um SEE BYHISE 25 ), H = A
PR RN 2 0, HEABUE IR . IR PUE
SR, DB T IR 9K sl r R, R B AR



1268 HREDES (PP

17 %

Ao RN TF LB 5228 KA 1 B A A,
— R MBI I AE 95% LA |, M PD B9 RAEEL
PEAT LU Wi E S AE FP s i e (B I

Temperature
> .
control section

v

| Phase shifter
> . .
heating resistor

v

STM32
MCU DAC ADC
> Current >
| FP microcavity _
heating resistor 7
)

(a) BB b B 0 A

(a) Schematic diagram of the drive circuit

Initiate the triangular
wave scannirg

Adjust the current, No
temperature, and
injected light phase

Search for the optimal
locking point

Locking successful

Yes

( Stop }

(b) AR
(b) Control flowchart

(SIRINE S LN NS I EREN

Fig. 3 Drive circuit and control algorithm

2.3 ETFHIANEMNAMEE L

JETT PP G A e BH E R, O L FRAEL AN O
Bz 3 v, FEA 3V is/hE] 0, HDE K it (Bristol
671B) X HOG A8 AR AL HEA TN =, 25 SR AN 1A 4
fine M 4 alAL FEO R ale RS T, Ry
FP falt s I e SEL 9 s ) Pl AL, SO G 8 5 KB
BRI G2, AR 72 2 T RS S Rl /N T 3 GHzo

£ DFB .t 5 7 FL SR S 15 0 04
HEABUEBIE, SR FP UG #k f BH 9 3
Fo & 5(a) G T LR Sk FP S i

FL BE W FRL Ty 2 VIS ARG A TR AR AR
Al LA B A A IS A AR W AR AR AR
K 5(b) OR2 I DLIYI T L 5 D) 2 FP 3R i B
BHLP 3 L IR 3 VIR FE A B ARES o il
FE AT, R FP ol Jon 4 e B 1P o L s 2
AR FP B A LR, T S B DL A AR L
KR o BRI AR RO ZE A an A 50 (2)
i N

AD = AwpT, < g, 2)

I Awpp S AT HL B INEAS EE 1 FP AR LR A3
REYRAL R, v OL M DEB A H 53] FP 4
A [l iy FHIRFTR], AR WA 5 | L A A
FABZA AR o SHBRARAE T | AR [BITESEAR AL
P B0 R B AR BIE IR B — E R LI, 2 T K
Ji .

193.504 Mode hopping

193.502 ¢

193.500

193.498

Frequency/THz

193.496 F

193.494

193.192
0
Voltage/V
K4 387 FP ORI HA AL BEL At A 3 8 i el
Fig.4 Frequency tuning range by adjusting the heating

resistor of the FP microcavity

HRHEAF(2) AR, T 3 KPR A AT %
SRRV B, A T A G SR A M AT R 34
P B ARk, 485 FP U e
REL %) 8, H 15, A2 7 im 4% e BEL A fL A, i 22 2l
. TR HBBHE RN RBOCR, i@ PD
PRI S 75 H I OGRS A AR ARk
M0 2 3V MR FP s in et B HL R I,
AR AR e BE A F R, BRSO RR 0 A A
WIE 5 AR VAT FP U n A e B e i — 2, i
SRS R fin A e LI H LT FP A 44 e B
[ HL AR, &5 R aNE 6 . HE 6 v LA BE,
FP A J i Hi, L F, F 14 °F- 7 15 A AL R i A
FLBH AL R IR AR . B RN

y=0.48x+0.66 . (3



%6

TR, S EENBUE O SRS R 1 B0k 1269

x4 T FP AR Jin A el BH 99 S FL 1 (LA P
7, y T RAAL A e L 4 s i AL AP 7

2.0 -
—— PD signal
— Trigger signal |
15k gger sig
2
= 1.0r
<
2
Q0.5
=
0
(a)
—-0.5 P ——————
0 10 20 30 40 50 40 30 20 10 O
Scan current/mA
2.0
— PD signal
— Trigger signal |
1.5}
>
= 1.0p
<
.20
Q0.5
Ay
0
(b)

0'50 lb 2‘0 3‘0 4.0 Sb 4.0 3b Zb lb 0
Scan current/mA
K5 FPRUR I BHAEA R R RSB RS . (a) i
Jk 2 Vs (b HER 3V
Fig. 5 Waveform states of the heating resistor of the FP
microcavity at different voltages. (a) 2 V; (3)3 V

~
T
-

[\
T
-

The square of the voltage across the
phase shifter heating resistor /V?
-

0 2 4 6 8
The square of the voltage across the FP
microcavity heating resistor/V?

K6 MR Z Bt e R

Fig. 6 Linear relationship between two phases
24 ETHRANERIMEEER

PA LB T FP U AR, G i AR A
FMEJE FEAREAE RAIE A 1 A JOE —EL, {H)2 DFB
A H AR A RO, X2 R BB D A% AR
BE R R, HPRPEIEEOR, il AEA
BUE LRI, 2 FEATEABTERBL Wik, b7
PRAETOE AT SR A PRI TS B T AR A

FE LI, SO TE BN A B A o
H A SE R (4) frRi:
Awioek r,
— = 1+Q§E ,
o w BB TAEMR, Awa s H A8
FEEEL o 2 MEEReE, 4% T RIFOEE I DFB
WA R A A
SR T 25 B AT RIS R, 7 R
Al B R LR Rl A T R R IR AR AL o 3%
ANEOEER T DFB GG R BN 600 um, HLIE &
BORAESE: 300 MHz/mA, A] 75 HY FP W08 (14 B TR AR
RHIE R BORME R 2.2 GHZ/V. [Hitk, 75H% FP
TS F, s A A0 AR BT P, X6F 7 %) Pl I 2 2R
7.3 mA/V,

4

3 BRFRN LR MK

3.1 ETRANBMAMMEEEMNRER

TEVATT FP AR i B4 e BH 79 S L s 1, 0
PURE R x4 IR 203X (3) v g R 00 AR 4 i/
FeBEAT A B

BRI AMES R, AR XHEOE AR Y
PSP R EA T Z2 U, S5 R ANIE 7 P, Al
UL, O AS LT IR A I8 fog RTS8
WEIC AW KB T 4.7 GHz, BRIEAT A #ME
R T LS AL ] W, SR ARG A
J7 e AR EAT I s

193.501
193.500
193.499 ¢
193.498 ¢
193.497
193.496
193.495 ¢
193.494 ¢
193.493 ¢

Mode hopping

- —_—

Frequency/THz

Voltage/V
K7 R BRI
Fig. 7 Frequency tuning range after phase compensation
32 BFABHBRIMEE RN ER
TEVA T FP U i B e B 4 S ri, s P, 2 P
R IR 7.3 mA/V 1Y RO LR EAT [ SRS,
Be 3.1 /040 FR AR LM, DLARUEATR I8 31 1



1270

REYEE (FP3ES0) w17 %

T BIRE A5 T B A ST .
TR I AME BB e, 38 e R T 3 T 4 % ®
PP R AT S ﬁl“ﬂ’ﬁﬁizaﬁﬂ WK 8 fims .

Hi 1 8 W, 1 0~3 V INFELL AT 2 IR Y ARG PRI TS T A ABUE RO
R R BB T Hﬁfﬁ SRS A AR B RT R, A, X AE A7 4 M T H b
IR T 6 GHz. PR Tt . SR R, MG B SEA Al
193.503 T FP U A 1 ABIE 128 2k S 06 A% 1 4 5 AT
193.502 | n ’ VeI 30 4 K & 6 GHz, H. W] £ W #E 4T 1% 220
193.501 | \ \ “ I l f R \ o X G RT R, b’?ﬁ(j‘ﬁﬁ‘%ﬁf‘_fﬂl 5 A %

£ 1on500| H UU I BRI R T 2 5L L, TR TG A T i 2 U 1
5193.499 I IU \ I \ \ U ARRL T AT ZUGELL VAW . AR VR %‘ﬁﬁi%ﬂﬁﬂ
£ o508 U l I i U \ I U U f L BL Ty S A, TR ST
I \ \ I \ TR 1Y e L i 1) A KPR R LA 3V 3
AR \ /| J 1 4V, OG5 2 T 8385 05023 P 2L
R T %10 GHz LA Lo ACSCHEHL AP ER R 11 78 A
0303030303030\?0?;22/3/3030303030303 FE WO BRI R X T OGRS i AR R

KIS HL M B e i PR P AR AL R T SR IO A8 B E AR E PR

Fig. 8 Frequency tuning range after current compensation %B,\ ﬁﬁ%@%m ﬁo

(1] 3MER, Fd, T4, F. T Z2PBHIRGF I R R L TOCLREOL R AR T KW AR (1], F B 2

(2]

(3]

[10]

[11]

F (F %), 2024, 17(1): 38-51.

SUN SH H, ZHENG Y, YU M, et al.. Key technology analysis and research progress of high-power narrow linewidth
fiber laser based on the multi-longitudinal-mode oscillator seed source[J]. Chinese Optics, 2024, 17( 1) : 38-51. (in
Chinese).

DREVER R W P, HALL J L, KOWALSKI F V, et al.. Laser phase and frequency stabilization using an optical
resonator[J]. Applied Physics B, 1983,31(2): 97-105.

LUDLOW A D, HUANG X, NOTCUTT M, et al.. Compact, thermal-noise-limited optical cavity for diode laser
stabilization at 1x1075[J]. Optics Letters, 2007, 32(6): 641-643.

SAVCHENKOV A A, CHRISTENSEN J E, HUCUL D, et al.. Application of a self-injection locked cyan laser for
barium ion cooling and spectroscopy [J]. Scientific Reports, 2020, 10(1): 16494,

LAI'Y H, ELIYAHU D, GANIJI S, et al.. 780 nm narrow-linewidth self-injection-locked WGM lasers[J]. Proceedings
of SPIE, 2020, 11266: 1126600.

NUNZI CONTI G, BARUCCI A, BERNESCHI S, et al.. Coupling approaches and new geometries in whispering-
gallery-mode resonators[J]. Proceedings of SPIE, 2012, 8236: 82360V.

LI J CH, ZHANG B Y, YANG S G, et al.. Robust hybrid laser linewidth reduction using Si;N,-based subwavelength
hole defect assisted microring reflector [J]. Photonics Research, 2021, 9(4): 558-566.

ABLT, AR, AT, . DTSR AMEARL T SAHOLAR U], F BB S, 2019, 12(2): 229-241.

DU Y N, CHEN CH, QIN L, et al.. Narrow linewidth external cavity semiconductor laser based on silicon photonic
chip[J]. Chinese Optics, 2019, 12(2): 229-241. (in Chinese).

ZHAO Y, L1 Y, WANG Q, et al.. 100-Hz Linewidth diode laser with external optical feedback[J]. IEEE Photonics
Technology Letters, 2012, 24(20): 1795-1798.

x| ZR, Fedh. ATEABUESMEBARL S0 SRROE D], F Bk, 2021, 48(17): 1715001,

LIU Y F, LIANG W. Compact narrow linewidth external cavity semiconductor laser realized by self-injection locking to
Fabry-Perot cavity [J]. Chinese Journal of Lasers, 2021, 48(17): 1715001. (in Chinese).

SU Q SH, WEI F, CHEN CH, et al.. A self-injection locked laser based on high-Q micro-ring resonator with adjustable


https://doi.org/10.37188/CO.2023-0074
https://doi.org/10.37188/CO.2023-0074
https://doi.org/10.37188/CO.2023-0074
https://doi.org/10.37188/CO.2023-0074
https://doi.org/10.37188/CO.2023-0074
https://doi.org/10.37188/CO.2023-0074
https://doi.org/10.1364/OL.32.000641
https://doi.org/10.1038/s41598-020-73373-w
https://doi.org/10.1117/12.909596
https://doi.org/10.1364/PRJ.412284
https://doi.org/10.3788/co.20191202.0229
https://doi.org/10.3788/co.20191202.0229
https://doi.org/10.1109/LPT.2012.2214029
https://doi.org/10.1109/LPT.2012.2214029
https://doi.org/10.3788/CJL202148.1715001
https://doi.org/10.3788/CJL202148.1715001

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

feedback[J]. Journal of Lightwave Technology, 2023, 41(21): 6756-6763.

ZHANG CH W, XU CH D, JIN Y, et al.. Narrow linewidth semiconductor laser with a multi-period-delayed feedback
photonic circuit[J]. Optics Express, 2022, 30(9): 15796-15806.

HULME J C, DOYLEND J K, BOWERS J E. Widely tunable Vernier ring laser on hybrid silicon[J]. Optics Express,
2013,21(17): 19718-19722.

GUAN H, NOVACK A, GALFSKY T, et al.. Widely-tunable, narrow-linewidth III-V/silicon hybrid external-cavity
laser for coherent communication[J]. Optics Express, 2018, 26(7): 7920-7933.

REN M, CAI H, TAO J F, et al.. A tunable laser using loop-back external cavity based on double ring resonators[C].
Transducers & Eurosensors XXVII: The 17th International Conference on Solid-State Sensors, Actuators and
Microsystems, IEEE, 2013: 1424-1427.

REN M, CAI H, TSAI J M, et al.. A tunable laser using double-ring resonator external cavity via free-carrier dispersion
effect[C]. 16th International Solid-State Sensors, Actuators and Microsystems Conference, IEEE, 2011: 1504-1507.
LIANG W, LIU Y F. Compact sub-hertz linewidth laser enabled by self-injection lock to a sub-milliliter FP cavity[J].
Optics Letters, 2023, 48(5): 1323-1326.

PENG Y. A novel scheme for hundred-hertz linewidth measurements with the self-heterodyne method[J]. Chinese
Physics Letters, 2013, 30(8): 084208.

KONDRATIEV N M, LOBANOV V E, CHERENKOV AV, et al.. Self-injection locking of a laser diode to a high-Q
WGM microresonator [J]. Optics Express, 2017, 25(23): 28167-28178.

GALIEV R R, KONDRATIEV N M, LOBANOV V E, et al.. Optimization of laser stabilization via self-injection
locking to a whispering-gallery-mode microresonator [J]. Physical Review Applied, 2020, 14(1): 014036.
KONDRATIEV N M, LOBANOV V E, SHITIKOV A E, et al.. Recent advances in laser self-injection locking to high-
O microresonators [J]. Frontiers of Physics, 2023, 18(2): 21305.

EEEN:

EFRR(1995—), L, il TN, #
TG4, 2017 4E T 00 BA Tl K2 3K
12 oE i, EENFAELTEROL
P HEIWTST . E-mail: 183160683@qgq.

com

2 f6(1979—), B, WM e A, 1l
€, WFSE L, 1 R0, 2001 4 T
MR AR AT 2% 12 000, 2008 4F T 36 [
TIHER TARAHE 27, FENF AL
MAF5E . E-mail: wliang2019@sinano.

ac.cn

g & (1982—), B, #db A, 1
N |, g TR U, B L A 0, 2005
& AL 2012 4E TR IUK 0 B+

S ANRL T =g AN S AN R R
e, WOCBUM, J5 1 ¥ 7 T i

! Wf5% . E-mail: zhongshan@apm.ac.cn

B 08 (1979—), 5, #HLANBE A, 1

+, IE R & T AR, 4 506, 2000
e Ll S BN O = e = VA

N 2007 45 T 7B 2 B 2% 004 B 5

SRR ST KA A, N R
b, I MRS 7 T A BFSE o E-mail:
zf lucky@apm.ac.cn


https://doi.org/10.1109/JLT.2023.3291753
https://doi.org/10.1364/OE.458327
https://doi.org/10.1364/OE.21.019718
https://doi.org/10.1364/OE.26.007920
https://doi.org/10.1364/OL.481552
https://doi.org/10.1088/0256-307X/30/8/084208
https://doi.org/10.1088/0256-307X/30/8/084208
https://doi.org/10.1364/OE.25.028167
https://doi.org/10.1103/PhysRevApplied.14.014036
https://doi.org/10.1007/s11467-022-1245-3
mailto:183160683@qq.com
mailto:183160683@qq.com
mailto:zhongshan@apm.ac.cn
mailto:wliang2019@sinano.ac.cn
mailto:wliang2019@sinano.ac.cn
mailto:zf_lucky@apm.ac.cn

	1 引　言
	2 实验原理及装置
	2.1 自注入锁定激光器工作原理
	2.2 激光器驱动及控制
	2.3 基于热调的相位补偿算法
	2.4 基于热调的电流补偿算法

	3 频率调谐结果测试
	3.1 基于热调的相位补偿算法测试结果
	3.2 基于热调的电流补偿算法测试结果

	4 结　论
	参考文献

