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All-PM Er: fiber laser with attosecond timing jitter
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Abstract: In recent years, low-noise femtosecond fiber lasers are widely demanded in high-precision and high-
speed research such as ultra-stable photogenerated microwave and long-distance time-frequency transfer. To realize
a laser seed with low-timing-jitter noise, an 100 MHz all-polarization-maintaining mode-locked Er:fiber laser was
demonstrated on "optical cube". The"optical cube" configuration can effectively suppress the mechanical noise and
the drift of the repetition rate. Based on the balanced optical cross-correlator technique, this is the first time to per-
form high-precision time jitter measurement of the pulse train directly from an all polarization-maintaining mode-
locked Er:fiber laser. The integrated root-mean-square timing jitter from 10 kHz to 1 MHz offset frequency is only
98.36 as.
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Fig.5 Timing jitter power spectrum density of the measured laser

4 LEFRIE

BT OEBUR” G5t iy 2 O NALM 445
BHDOCLBOGE, 78 A s TR, 20h N
1) 2 A0 R IR AN o 300 Hzo fiff P2 |
AHOCH AR SEBL T O A% T B 4 2l 7 Fr e it i
TR GRS 7E A AR 10 kHz ~ 1 MHz AR X
[P, FR5r RMS I [E[£F 8L 98. 36 as.

ARSCE W NALM BB B EF 0GR 19 H 5
ok et e BRI e 1 T) B SR R BAT R AR
[ B} 3 G LR BOG A TE AL 328 . A AR | I
W 75 S AT B A5 7 T A W TE O o

S 30k
[1] XIN M, SAFAK K, PENG M Y, et al. Attosecond preci-
sion multi-kilometer laser-microwave network [J]. Light:

Science & Applications, 2017, 6(1): 16187 — e16187.
[2] KIM J, KARTNER F X. Microwave signal extraction from

femtosecond mode - locked lasers with attosecond relative



148 - EigHH*®

2023 5% 43 % % 3

[3]

[4]

[5]

[6]

(7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

timing drift[ J ]. Optics Letters,2010,35(12) :2022-2024.
XIE X, BOUCHAND R, NICOLODI D, et al. Photonic
microwave signals with zeptosecond -level absolute timing
noise| J]. Nature Photonics, 2017, 11(1): 44 — 47.
CHEN W,SONG Y, JUNG K, et al. Few-femtosecond timing
Jitter from a picosecond all-polarization—maintaining Yb-fiber
laser[J ]. Optics Express, 2016, 24(2): 1347 - 1357.

MrAR A, 20U K. GHz H R BURE KRR H AR K
R PHEA, 2022, 42 (4): 1-9.

CHEN X M, WU T F. GHz repetition frequency solid-state
femtosecond laser technology [J]. Metrology & Measure-
ment Technology, 2022 ,42(4):1-9. (in Chinese)

KIM H, QIN P,SONG Y, et al. Sub-20-attosecond timing jit-
ter mode - locked fiber lasers [J]. TEEE Journal of Selected
Topics in Quantum Electronics ,2014, 20(5):260 - 267.
SONG Y,KIM C, JUNG K, et al. Timing jitter optimization
of mode-locked Yb-fiber lasers toward the attosecond re-
gime[ﬂ. Optics Express,2011,19(15):14518 — 14525.
FERMANN M E, HABERL F, HOFER M, et al. Nonlin-
ear amplifying loop mirror[J]. Optics Letters, 1990, 15
(13): 752 - 754

JIANG T, CUL'Y, LU P, et al. All PM fiber laser mode
locked with a compact phase biased amplifier loop mirror
[J]. IEEE Photonics Technology Letters, 2016, 28(16) :
1786 - 1789.

KUSE N, JIANG J, LEE C C, et al. All polarization-main-
taining Er fiber-based optical frequency combs with nonlin-
ear amplifying loop mirror [J]. Optics Express, 2016, 24
(3): 3095 - 3102.

PIL Y, TIAN H, LI R, et al. Timing jitter and intensity
noise characterization of a 122 MHz all-PM NALM mode-
locked fiber laser [J]. IEEE Photonics Technology Let-
ters, 2021, 33(24): 1439 - 1442.

MA Y,SALMAN S H, LI C, et al. Compact, all-PM fiber
integrated and alignment-free ultrafast Yb:fiber NALM la-
ser with sub-femtosecond timing jitter[ J ]. Journal of Light-
wave Technology,2021,39(13):4431 — 4438.

RENE, RE, HRR, 5. TR ER L A £
SRS ] THIEOR, 2022, 42 (5): 103-107.
YUHY,WUY,TIAN H C, et al. Timing jitter measure-
ment system based on fiber delay line [J]. Metrology &
Measurement Technology, 2022, 42 (5):103 - 107. (in
Chinese)

YANG R,ZHAO M, JIN X, et al. Attosecond timing jitter
from high repetition rate femtosecond "solid-state fiber la-

sers"[J]. Optica,2022,9(8) : 874 - 877.

[15] CHEN F, HAO Q, ZENG H. Optimization of an NALM
mode-locked all-PM Er:fiber laser system[ﬂ. IEEE Photo-
nics Technology Letters,2017,29(23):2119 - 2122.

[16] HANSEL W,HOOGLAND H, GIUNTA M, et al. All polar-
ization-maintaining fiber laser architecture for robust fem-
tosecond pulse generation [ M ]//Exploring the world with
the laser. springer, cham, 2018: 331 - 340.

(17] Ez, U, T, . SRR N RIER
LR IORFELY ] dHlE A, 2022, 42 (5): 51 -60.
WANG T,LIM Z, YU Z H, et al. High precision optical
timing detection technology and its application[J]. Metrol-
ogy & Measurement Technology, 2022,42(5) :51-60. (in
Chinese)

[18] KIM J, CHEN J, COX J, et al. Attosecond-resolution tim-
ing jitter characterization of free-running mode-locked la-
sers[J]. Optics Letters, 2007, 32(24): 3519 — 3521.

[19] KIM J, SONG Y. Ultralow-noise mode-locked fiber lasers
and frequency combs: principles, status, and applications
[J]. Advances in Optics and Photonics, 2016, 8 (3) :
465 - 540.

(AKX . k)

FE—1EE . BIRT (1997—), ALk
S, BB T A A AR A Tk b o
HiA,

BIWAEE: AN (1955—), #H4Z,
BT Ak RO R
. BOLRS M BUCR AR | 4 s S A
T st R RSB L K
- TA U AR, 19824F . 1984 4F Tk
\V/ STl e 4 2 B2
I 1992 4 78 UK R IE MONASH 2 38
LIS S T VAN = = A A = A 7 B 1 S B
B2 DARAL A Tk RPN . H 2 0 A 32 7™ b A1 i
WS T & B9 B . H AR 5% 7=l 4 B e T b B R 25
A WS NEDO Fellow , KEK¥HZ. Hilf EREK
AARRI SIS TSI E . BRARES T S HFI A EIRE
fETLH .

-



