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All-polarization-maintaining erbium-doped mode-locking fiber

laser based on nonlinear polarization loop mirror
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Abstract: The mode-locking mechanism of an all-polarization-maintaining fiber laser based on a
nonlinear polarization loop mirror was demonstrated. Instead of a fiber coupler in the traditional nonlinear
amplifying loop mirror based mode-locked fiber laser, a polarization beam splitter (PBS) was implied in
the nonlinear polarization loop mirror. The combination of the PBS, non-reciprocal components and a
piece of gain fiber acted as the core elements in nonlinear polarization loop mirror to achieve stable
mode-locking in an all-polarization-maintaining fiber laser. A passively mode-locked erbium-doped fiber
laser based on this mode-locking mechanism was also presented. The laser directly emited an optical

pulse train of 141 fs duration (75 MHz) with 30 mW total output power. The laser had bidirectional
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outputs, and the power from two outputs was adjustable by adjusting the waveplate in the cavity.

Moreover, the environment stability of the free-running laser was characterized, yielding an average

output power fluctuation of <0.05% in 1h and the relative repetition rate stability of 2.0x107® in 1s. The

configuration enables self-start mode-locking, generating optical pulse trains with high environmental

stability, high repetition rate and short pulse duration and fully meets the requirements of ultra-short pulse

laser sources in femtosecond based ranging, laser machining, spectroscopy and other applications in

spaceflight technologies.
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Fig.2 Theoretical round-trip transmission versus nonlinear phase
offset between the pulses’ vertical polarization states in a

nonlinear polarization loop mirror

2 XIGER

YT I N SR T AR e T O AR BRI AR, 7R
oL A 2 sk DB ARy, Sl P AR S AR L

B, T SEIR 22 B el R S B BITBTHE % |38 MR AT
TR IKF RO GRT 2 Syl D) e K R FE T]
HAFRE (K B FRIRAS . I 1 2 A Al 4t )
B, RS IRAR RN O SEm BRR I HLE T 2 i
BN = T bk s i A R K, RREOERRZ bk
BTLIRAS F S 5 PERE RS D 2R sl K N A 2
FE MK Iz FRIRAS . S0 TP RO BRI DG
Rt g ST s A TR NOGEF, HBIBDIRE A Z R 5
ARETFHL A JE 3, IEZ LIRSS B OGRS R
BekaEtER, HS s RS2 AN B R,

TEZEIH LR A 270 mW IR, BTG RSAb T 2 ik b
BRI P QWP2 ff i | T SEELSOG RS 2 o
iy TR AE 14.5~28 mW 1 FBI T OGRS 1 sk
IRAE 9.8~2.5mW JE R T , BEE HOGHT 2 ki
DI B ASEIE TN, BO6AE 1 g i TR 0% 1 AR
HA it b2 A8k, B3 90 5% T #oeds 1 ki

g 10 — 9.6mW é [ p—yryry g 1.0
5, g 25.5nm £ 143 fs
z
E 0 i 1 L 0 1 E O 1
= 1500 1550 1600 = 1500 1550 1600 = 05 0 0.5
Wavelength/nm - Wavelength/nm Time/ps
E 1.0 — E 10 AW E 10
505 %05_ 25.9 nm EOS- 141 fs
R z 2
Z g g
8 0 L 8 () bk L 8 0 L
= 1500 1550 1600 = 1500 1550 1600 = 05 0 0.5
- Wavelength/nm - Wavelength/nm - Time/ps
g 10 — 62mW é R ey g 1.0
%05— §05- 25.2nm §,05» 144 fs
Z £ :
g 0 . g o 1 g 0 .
= 1500 1550 1600 = 1500 1550 1600 = 05 0 0.5
Wavelength/nm Wavelength/nm Time/ps
g g E
2 Mo —Zsmw K ] p—pr 2 1.0
B 05 & 05 22.9 nm B 05 1521s
g g Z
0 1 B 0 1 Q 0 1
= 1500 1550 1600 = 1500 1550 1600 = 05 0 0.5
Wavelength/nm Wavelength/nm Time/ps
g g P
5 L0 —5omw g R — ety 5 1.0
3;05_ % ost 23.8nm %05_ 150 fs
Bl 7] ‘B
5 h 5 5
8 9 3 9 L 8 9 .
= 1500 1550 1600 = 1500 1550 1600 = 05 0 0.5
Wavelength/nm Wavelength/nm Time/ps
g g P
£ 10 €10 £ 10
E R — ey g Fl—28.0mw 5 1
£ sl £ sl 21.50m £ sl 161 fs
£ o £ o - g o -
= 1500 1550 1600 = 1500 1550 1600 = 05 0 0.5
Wavelength/nm Wavelength/nm Time/ps
(a) (b) (c)

3 (a)BOLaR 1 gk g, (0)BOGE 2 ki O, (o BOLAR 2 Sk i ko 7R OC il 2 (52 40) S0 R A 1 HEL ok 2

AR b o it ¢ (k)

Fig.3 (a) Optical spectra from output portl, (b) optical spectra form output port2, (c) autocorrelation traces of pulses from output port2

(solid line) and the corresponding Fourier transform limit pulse traces (dashed line) in each state
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