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Study on bright and dark laser pulses
based on semiconductor optical amplifier
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Abstract: To address the application bottlenecks of bright laser pulses in optical communications and fiber optic sensing, a
mode-locked fiber ring laser based on semiconductor optical amplifiers(SOA) is designed. This laser consists of an SOA, a polar-
ization controller, a filter, and a polarizer. The mechanism of the gain ratio and phase difference changes in transverse elec-
tric/transverse magnetic (TE/TM) mode optical fields when passing through SOA is analyzed. The relationship between total dis-
persion management within the ring cavity and dynamic gain of SOA is investigated, resulting in stable output of bright pulses
and dark pulses, as well as the dynamic evolution process of both types of pulses. The experimental results show that when the
operating current of SOA is 242 mA, bright pulses with a pulse width of 1.1 ns and dark pulses with a pulse width of 0.95 ns are
successfully obtained at repetition rates of 14.83 MHz, respectively. It is also verified that under the same operating current condi-
tions, the intensity of the dark pulses significantly exceeds that of the bright pulses.
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tion

#s HEA . 2024-06-20,,
EEWH . HEARFAELTH (HES 61275052 ,U2340226) BE Bl
WdbE B RBL2ERE T H (S . 2022CFB385) Bl LR B /Bl
FAT0H (S . ZR2020MF111) BE8h

EEB AN, BME1978—), B LIRS N 1 &l
Az, FEEI T EPEOCER | AR
AR AR, GRIRPHE AP (B ) —5F
AT, ZER 3T, HEWEARLIIE 58
I, o E AR AT A S PR & 4
10,

() RABIEHA 2024 445 51

035l5

HEGHHOCA AR L OCEF Bk O s B 1 (E
PR NG V=R TR T QU E GRS S P iy o
ARRAT LA R AE Gl A RN EL DT T 5
Z) JCEF AR SRR SRR 20U E T
B TR DT, kb 48 Rk | RIFEARE
MRS E A SDEH (CW) 137 T, OGRS R 1 35 4
e, BT WK b 2 A, B EOGI EAR T BK e, w5
fkmi A 7 CLE i A AR FEAE | RS 5 5 N R E




3 & &3

U TE Rk N 27 S S BRI | DL B £F SRR
FEAEIT S IG G055t g0 FEGI AR W] 7 T, Ik
AT T el ARl A T R AL AME R | BRI ik E
15 TP A A R e Bl R | ARG TR DL A B Bk A
GF ARG REE , TEGSAAR BN T g kA SRk
LR G IO CIR | BB B AR IR E S M
W EY R AR SR R R AR E R T I  o
RS ARE T A8 BB T A0 | % N B S AT 1 15
Sriktyrhn

VAR | AT v DG o] 76 2 ARG R
7 (SOA) FPDGEF oA = AL WG Ik vb . BT SOA B
RIS G SRR | P n] IR M8 sh AL £T B0k
TGS AT, [FE 5T SOA HBEFRIEROLRS
HA NN | I B AR T 2 PR as vl L
AR 051 33 JH B oA 7= A B ik e (n s e T ) 19
RUFEEH . 2012 4F WANG J Y ZE AR SOA 1E
FHEEEAN BRI T 3 PSS EOLAS R4 F
R o U CELF O EER | 30 A SRS EET (SMF)
TE 1.3 wm EEOBERK AT SOA HE25 sh A SAEL A
AR DR 2 ST Z R TR, K
= T s ko ; i AE SRR IR S5 A b A R4S T B
fikuf, [RIREHE 7€ 2015 4FF1 2016 4F  PAN H G % A8
IR 2 AT Z B TR, L B 38 AR I
il (XPM) FI15E S 25 PR 6 (XGM) BIUEHILH] | AH 44 H
THEEA T A5 8" F AR ALY SOA 0t
fH RENE A B R) B AT AR B ks, 2017 4 b
T T 3T SOA BYTE Q YCLF BGHS Hh iR B Jik v A
ik e 3 g e A A o 4 1 ARAS R Rk p 5
JEE RN R T SR A B Bk sl g ko 25 Tk BT
SOA [ICEFHOEER = AL s bk b 2 2@ 1% i 2 A7
RS, AN AR SOA 18 Mk o i it
P Q FEARMLRE A W k| (LI B 15 Jk o ) f 246 522 B
SHAUIY I B AR BT SR R O R
JETFREAB R, R Q Mk idfa e td A gt sh
Bk

P AR SCITF—F LT SOA I BIDELF LI
e, USRAFRRUE (0 BH ik v A ok o

1 R RERFIE

ST SOA MBI CLT SIE BB A 0 R B 45 44 40
B 1R A KA 149 m, A T 3858 5 H ikop
HOLRI R E M IR B 2E A Z AR T R
(PM) YCEF I THEHE . SOA (IPSAD 1501 ) VE A G254 5T

e, TR, s — L, 4F B TR R UOLIOES B IRRO K I 7Y

i
B 1 ET SOA MBI IR EL 2R E RIB 454

SR SN BB A TP R O R S AR R, HE R
SOA J&— MR AL | A SCIEFLE T 2 M
PRPEhilas (PC)Z 1], ASE IR M AL, et bm
A% (1S0) B PR IBOGAZ i 7 [ ) B — | T 388 U8 0%
A B CAS BEAE TP I A 1550 nm A9 5 nm
i N TAE, 6 27 dB BRIREH /2 34 (PBS)
B FHAERE PR mAR | 1T 90:10 YE£FH&4% (0C)BY 10%
By S DO SR Y T R S s T 1 M

i 1 OGS 5 4 HER A 0.02 nm B OGS 43T
(AQ6370D) FEAT 3 HT , BH I Jik e %) B Sl A2 D) i o
W9 A 15 GHz BYFTH InGaAs PIN YEHEERMZY (ET-
3500F) HIREER N 80 GS/s MUK T /R I #% (DSA-X 92
004A ) AT AT HAL 53T
1.1 IE& MR IR e R R I

TE SOA Dt Lt — MR B AEZERE L (TE ) A1
BERE (TM) B A T F IR S | AL S AR &R
o, ARSCROLE I TE B0 e 5 x il —2
™ B B Sy fl—2, 2 SRR AT 1,
SOA ' TE A=A ™™ B s I 2 s, R
W SOA F AEHIPIIRIR SRR Jy

E,=Esinfexp (i, ) Uy +Esinfexp (i, ) Uy, (1)
Fop EJRJEREE  0 Nt S y I @, Ok
FIRTIRARA , uy, B uyy, 200002 x AT y S B K

Zeat KN L(SOA TEATIE 7 a] i B B Y i A

B2 SOA# TE #xX# TM IR ~EE
2024 5 W RABIEHF (3




3 & &3

A, AR, s — L, A5 BT OO 1 I RRAO G K 7Y

PRI, i T TE ATV BECEA AR A A SR,
PP e e 2 AN R e Ak i R De 3l 3%
IR

E=GFEsin Bem% +Ecos Gem (2)
H, 6 & TE X5 ™™ B ARG R L Ag,,
Ay, 739010 TE [ TM BECHI AR HE SCIE
2mlng

A

27Ln,
A‘Prm = A =

Ho A W E SR ny, M on, 4398 TE F1TM
B T 5%

2 MR AR RS 220

Agy =A@ —Ae, 4)

X (2) A (4) T RLE i 15 5 R AR S
R T 1 B 3 25 b G ORI IR ) A R 25 11 R/
Aoy oy #\ilﬁjy%ﬁio

I LA EA TR Bl SOA H G & A ik
T i) F BRI 2 AT @, A, TE I TM 3X 2
PR TEZ L SOA JE SR AN FHIME 25, FEOH 1
B 25 WM & AR AR Ak AT 5 | A R 6 i i tR S AR
1k, HK, SOA 7 B 1 [ A AT S 55 B HAE A B IR
B G IA BIB IO, 345 TE F1 TM £X7E SOA
ZIHARFRIT SR, X FET 2 MR 22 5
P, 26 20t SOA B, &7 A AR LR PR I IR e 5 5%
N, TEEEAME R ARG RS (SPM) AT XPM 2L
X 2 AN 1E AR R -t 19 1 5 SO PR R S A
& AR ARG AL, ST SOA AR PC, T LA
(BEEY QU NN A S PSS EA ey E e s o = o UL RN T
FE R = AT A RENS SE 45T SOA, T AFIEFR—IK | i
K& K — IR BN 22 A 72 L BT SOA 1Y
TRIRMIG R | 2 A [R50 B 1Y) 1F S8 26 PE IR 73 & 4
SR AL AR, DTS ik 9 i B RS
SOA 5 Wil PC JE—A- 42 it A liedAc i
SR RE
1.2 EF SOA A EEZEH N BHER

MO IR AR A | R bl 2 B g
BEIT SOA I Bh A8 25 R A B /G ik b 3R T 4%
P, MU(E 58 SOA B haSH 3555 T Ot S5k
NGRS A HAeE A0
E (L,t)

() ABIEH A 2024 F4 5 1)

Agy=
(3)

Gi= =exp(-2BL) (5)

Hob ¢ REOCHI LR B RS
RIE k-k R SR H 253 SOA G s S
S @, ARJA T DIHES Y SOA I EEL R AL
Ng d6 . (4G w
D= X 4Gy +
4melG, \ dA ( dA )

A dGy (6)
2melGy; dA

o, B R SRR N T, RO,

HZX(6) ATAL, 24 SOA HYZhZHE fi AL SOA /Y
LGS (O ow S S 3 6% R R Gy QRN i e G P B 3 B
PR RIERE G e A (0 R e I (5 e A 67
TR, BRT SOA ZAh, B B S 1
CREEE, JF Hax S RUEDR FE R . Mk, E—fE
T B BRI N R U SOA MBh A R,

2 KRNSO
2.1 F A AL MR P R £E R AR S Bk

24 SOA A TAEH IR 1T 2 B 191 mA B 2218
JERE SOA W i PC, AT LALE IR TE I A B 11 o 7= A=
e I B ik o 3 2o 7 O 4 1 T 381 1) B ok v 810 o
Bl 3(a) i, Bk i O S R M BRI Y208 67.4 ns, XF
N7 () kb B AR ON 14.83 MHz, X5 14.9 m KOk
i B AN A AR (R B — 2, 5 18] 3 (b) BT/ 14 55 45
(RE)HEAF A, B 3 () PTATL, BA K ik v B
2970 1.1 ns, I 3(d) B BBk Gis I nl A it e
BB K ISR K 1 547.7 .1 553.3 nm AAFAEIEAE
AT SOA BCEF IR L IO B G2 R
AR X 2 FOSRZS AT DR EL YIS 24 SOA HLIf
IR — 2 BRSO R GG T AL A BUBIRES:

B SOA B9 TAEH FRBEHLIE ST 2 242 mA, EidAT
YHIEEE PC, A1 PC, MImARAIRAS , WT LA b ™ A= B ik
P B kel 33 A I O 38 A A Jk e R i e
G ANIEL 4 (a) I 4(b) iR o 3X 2 Fl bk i it 22 2 050
R 14.83 MHz, WK PRk o 58 BE 294 0.93 ns, 1N
E 4(c) B, DRI T HAE A %0 47.3 wWW,
i Wk R ) B8 BE 200 0.95 ns, Q1A 4(d) B, DGR T
D AT 58 2.41 mW
2.2 BT BBEE A AR Akt &£ B S2 3R

BT OCLF RS B A BIURTHOC S B0 B B
AT A — BGRB8, s 16
£S5 wh 7 i< N AL QT S ) o8 B < o NN e S
P AR T SOA shAS ARy ikt A LE T
i ok i ) A AR A AR s ok b e B AR A, RIE Y




3% J%/dBm

JU, %

S AT OGO RO K e o

1 540

14.8
#7 F /MHz

(b) RF i

14.9

[ 3 BARK A BHIR S RF ST RIS e i

1.0
08
5 06
=
2
M04 F
02 |
OO 1 l i 1 | i | 1 1 1 I 1 |
=250 -200 -100 0 100 200
i} 18] /ns
(a) BARKF51
=
=
2
]
i 18] /ns
(c) Wi e
1.2
1.0
08 f
=3
=
Iy 0.6 F
2
04 F
02 F
0.0 | ..,J.*,J ooy
-300 -200 -100 0 100 200 300
iF 18] /ns

(a) BIRkuhFE51

4 2 0 2
i 18] /ns

(c) HA Wk e R

iZJE/au.

1.2

1.0

0.8

0.6

0.4

0.2

0.0

1 544

1548 1552
KK /nm

(d) Winotigla

1556 1560

-300

-200

-100 0 100
i 18] /ns

(b) WERKF5

200 300

-10 -8

B 4 BA/RERKIH A 5 F0 B4 Bk B8 BT

2

2 0
A 1] /ns

(d) Pk oo BE

%



3 & &3

B, WA, L% T SUORROR BRI RSOE  rh BF
WO B3 25 & AR AR AR | B ok bk i Jok o ) 5
SRR R AR AR IO IR A 4 25 AR B I AU
B, B2 2% A B ko 55 005 ik v 2z T () e A

TESLE AR SGES AN 2 A PC, il LANILER
I W5 Ik o 2] B b v AR R AR B 1 A B AS
¥4, 24 SOA B TAERLFL A 240.3 mA B3 i ol 28 Jis Y
P IR | AT LARRAA M AR 1S A2 I Dk o, AE Sk iy
LT Wi PC, My A OG H I R OG L
WA PC, ITHGEE M 12.6 dB; 353 ¥ PC, TG EL
M 1.6 dB LR 1.4 dB, WLEH S Pk B #i AL 98 | B
23yl el

MBOCHKPTE SOA HHfZ i, T™ Fl TE 2
AT 25 ) TE A1 TM i [al 3 25 L 2 57 5
HAGHER RIRIRES & AR X IH P F SOA AR B
XTSRRIt 8 R PR i 2% PC, 5 PBS 1Y
SR X v AT LGk ik 38 40 S W B PBS BHL
P4 el R BH Rk 9 Bk RS e 1) 2 % A AR
Ak, B BH bR B0 e, 2 A FHAI A ik i () B B R 0 T
BT RE  A E bk v, DR B o B bk e e
Az KT 5 DA R AR AIR 500 18 3 [ FHE B
2.3 RERk i 5 AR pk it (58 FE X B SEI6

R T BAEFEAR R B SOA TAEHIR T, JRAS A ik
iR T B K P B AR SCHUSE IR E T SOA 19 TAE
FLTE L, HAE 230~265 mA NIlE: T [A]— LIRS 2 Ff
BRI o - SA R B AT A BA ok b G ok b B
SOA TAEH RS ARG N2 1 B, LG
ok T 28 B S K T W K o ) P AR B

%1 TE SOA TAErF T Bl/RE Bk i TR B

TAERR/mA WK P48 /dBm KT T35 B /dBm
230 -8.57 3.56
235 -8.43 3.74
240 -7.99 3.83
245 -7.97 4.17
250 -8.38 429
255 -7.99 4.43
260 -7.94 45
265 -7.61 458

24 SOA TAEHL A 260 mA B, BHKwfRImS ik i
Heil s I 5(a)FE 5(b) i, AFLAE | B knk
FIE Bk o AE s B b A — AN IR AR R 240
B IERA 1 553.4 nm, L, 7 LA Sk BA ik b i)
TS AE G kv ) e 22 T — A KR
(00 AABIE A 2024 445 510

% JZ/dBm

1 540 1545 1550 1555 1 560

KK /nm
(a) MK
0
g -20
o)
=
i
o
T
-60
1540 1 545 1550 1555 1 560
JE K /nm
(b) Wik

B 5 BA/EERkMEEILE

1 549.1 nm AYHSNIQIE

ARG AL 22 R S5 S R AL AR PN ) 2R3 T
BRI S 5500 g Y 2 SRRy o U
KA H AT 1 549.1 nm 2% 1 553.4 nm FHIT 48 fkop
A S I R s H AN TR IR 2 19 58 B3R T X
2 NP TR A | F OGS POSTIARIR 2T AR Sy BRI
X NTERET SOA BB GHR A E 2 e WL
FaASEG  EIFEAAIRIAY SOA TAERI R il AIAELE 2 4
AT HLOREK

3 #RIE

AV T —FPEET SOA BBIBDLELT FIE O
fir, MU SOA f AR AR | 3 I 15 PC Rk A2
JE A D PR A, DTS B T B b R ok v ) £ B
WFFE KB, 2 T SOA Wil PC AT DG LLXS T IX— B 4
BEREE, AR TR S iR Z WA A
TEHRZR | O BRARAS [RIHOG 45 A8 rh g Joi v ) 49 AL 1)
fRpt T RIEHERL . X LEH S CRAR LT EADLE L
ST LA T B0 L 5, B0 o 1 K RO 1
T T 2R HE A 2OCL I AR S
REAE AT AR T 2 8 BRI I 8 AU (A E




3 & &3

SE K.

[1] WANG X, ZHOU P, WANG X L, et al. 2 um bright-dark pulses in
Tm-doped fiber ring laser with net anomalous dispersion[J]. Applied Physics
Express, 2014, 7(2): 022704-1-022704-4.

[2] PENG, J S. ZHAN L, GU Z C, et al. Direct generation of 128-fs Gaussian
pulses from a compensation-free fiber laser using dual mode-locking mech-
anisms[J]. Optics Communications, 2012, 285(5): 731-733.

[3] POPA D, SUN Z, HASAN T, et al. Graphene Q-switched, tunable fiber
laser[J]. Applied Physics Letters, 2011, 98(7): 073106-1-073106-3.

[4] ALAVI S E, SOLTANIAN M R K, AMIRI I S, et al. Towards 5G: a
photonic based millimeter wave signal generation for applying in 5G access
fronthaul[J]. Scientific Reports, 2016, 6(1): 19891-1-19891-11.

[5] SKRUIBIS J, BALACHNINAITE O, BUTKUS S, et al. Multiple-pulse
laser-induced breakdown spec-troscopy for monitoring the femtosecond
laser micromachining process of glass[J]. Optics and Laser Technology, 2019,
111:295-302.

[6] ZHANG J R, GUAN K, ZHANG Z, et al. In vitro evaluation of ultrafast
laser drilling large-size holes on sheepshank bone[J]. Optics Express, 2020,
28(17): 25528-25544.

[7ILYUCY, ZHANR J. STOP model development and analysis of an optical
collimation system for a tactical high-energy laser weapon[J]. Applied Optics,
2021, 60(13): 3596-3603.

[8] CAI S, SONG J Chao, WANG Y Y, et al. Pulsed laser ablation CFRP
material process optimization[J]. Laser Technology, 2024, 48(1): 83-91.
[9] ZHANG H, TANG D, ZHAO L, et al. Dark pulse emission of a fiber
laser[J]. Physical Review A, 2009, 80: 045803-1-045803-16.

[10] MAO D, WANG H Q, ZHANG H Z, et al. Synchronized multi-wavele-
ngth soliton fiber laser via in-tracavity group delay modulation [J]. Nature
Communications, 2021, 12(1): 6712-1-6712-8.

[11] WANG X F, HE Y P, PAN J M. Generation and evolution of bright-

dark pulses in a thulium/holmium co-doped fiber laser based on nonlinear

e, TR, s — L, 4F B TR R UOLIOES B IRRO K I 7Y
polarization rotation[J]. Optoelectronics Letters, 2023, 19(12): 0710-0715.
[12] TRIKI H, SUN Y Z, ZHOU Q, et al. Dark solitary pulses and moving
fronts in an optical medium with the higher-order dispersive and nonlinear
effects[J]. Chaos, Solitons & Fractals, 2022, 164: 112622-1-112622-6.

[13] SONG Y F, SHI X J, WU C F, et al. Recent progress of study on opti-
cal solitons in fiber lasers[J]. Applied Physics Reviews, 2019, 6(2): 021313-1-
021313-11.

[14] WANG G M, SHENG Q Y, TANG S Q, et al. Evolution between bri-
ghtand dark pulsesina MoxW 1—xTe2 based fiberlaser[J]. Optics Express, 2023,
31(16): 26145-26155.

[15] XU L, WANG B C, BABY V, et al. Optical spectral bistability in a se-
miconductor fiber ring laser through gain saturation in an SOA[J]. IEEE Ph-
otonics Technology Letters, 2002, 14(2): 149-151.

[16] WANG J Y, LIN K H, CHEN H R. Generation of optical waveforms in
1.3-pm SOA-based fiber lasers[J]. Laser Physics, 2012, 22(1): 216-220.
[17] PAN H G, ZHANG A L, TONG Z R. Dark pulse laser with tunable
width based on SOA and feed-back[J]. IEEE Photonics Technology Letters,
2016, 28(8): 930-932.

[18] PAN H G, YU J L, WANG W R, et al. Dark pulse optical fiber laser
based on semiconductor optical amplifier[J]. Optical Engineering, 2015, 54
(1):1-5.

[19] PAN, H G, ZHANG, A L, TONG Z R. Generation of dark and bright
pulses in an SOA-based Q-switched fiber laser[J]. Laser Physics, 2017, 27
(8): 085006-1-085006-4.

[20] PAN H G, YU J L, WANG W R, et al. Pulse width tunable dark pulse
laser based on semiconductor optical amplifier[J]. Acta Optica Sinica, 2015,
35(5): 0514003-1-0514003-6.

[21] ZILKIE A J, MEIER J, MOJAHEDI M, et al. Time-resolved linewidth
enhancement factors in quantum dot and higher-dimensional semiconductor
amplifiers operating at 1.55 wm(J]. Journal of Lightwave Technology, 2008,
26(11): 1498-1509.

2024 4E5 5 RAIEHS ()




