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Future developing plan

Reference

Laser stability, intensity noise and timing jitter [2]

Application on optical frequency comb

Compact NALM oscillator [1,2]

Motivation

(2) Laser heater 

laser
50 µJ | NIR | 1-20 ps

(4) Modulation laser for

advanced FEL schemes
1 mJ | 5 fs |  100 mrad CEP stable

(3) Seeding laser
100 µJ | tunable UV | 50 fs

(5) Pump – probe lasers
1 mJ | tunable |  10 fs

(6) Flexible pump – probe

pulse generation 
VUV – UV – MIR – THz | > 10 µJ | fs

Timing tool
NIR pp-laser / FEL XUV

cross-correlator 

Pulsed laser

timing system
Ultra-low phase noise < 5fs jitter

(1) Photocathode lasers
10 µJ | UV 

1 - 20 ps flat-top <5fs FWHM 
timing

• Oscillator is the source of the laser pulse trains, and the pulse quality at the source highly influences the subsequent

laser performance.

Ccommercial oscillators

DESY laser

Self-developed oscillator

• Reliable and robust

• Easy to maintain

• Cost efficiency

• On site and in time service

• Low noise / timing jitter

• Fulfill basic requirements

• Failures after restarting

• Long maintenance time

• Artificial saturable absorber

• Compact all- PM fiber laser

• No noise operation

• Alignment-free 

• small footprint

• Nice reproducibility
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Parameter Value

Central wavelength 1030 nm

Output power 30 ~ 50 mW

Spectral bandwidth ~19 nm

Pulse duration 88 fs (compressed)

PER >25 dB

Repetition rate 54.17 MHz

Frep drift (seconds) ~1 Hz

Frep drift (days) <40 Hz
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  Measured RIN PSD of laser
  Measured RIN PSD of pump
  Noise floor of the PD

 Integrated RMS RIN from 10 MHz
 Integrated RMS RIN from 1 MHz

RMS RIN: 0.0055% [20 Hz – 1 MHz]Laser free-running stability 
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(iii)

(v)

(iv)

(i)

(vii)

(viii)

(ii)

(vi)

(ix)

RMS jitter: 0.7 fs [25 kHz – 10 MHz]

(i) Measured frep phase noise

(ii) Detection limit of SSA

(iii) Measured timing jitter via BOC

(iv) RIN induced via self-steepening

(v) Gordon-Haus jitter

(vi) ASE limited

(vii) RIN via Kramers-Kronig relations

(viii) PD noise floor

(ix) Integrated RMS jitter
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Phase lock to narrow linewidth CW laser
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Phase locking of carrier envelop phase (CEP)

➢ Fully frequency stability NALM Laser with low timing jitter

➢ Delivering two pulse trains：>100 mW transform limited pulse (100 fs) ; 4-ps, 20-mW pulse

Conclusion

1. Fermann, Martin E., et al. "Nonlinear amplifying loop mirror." Optics Letters 15.13 (1990): 752-754.

2. Ma, Yuxuan, et al. "Compact, all-PM fiber integrated and alignment-free ultrafast Yb: fiber NALM 

laser with sub-femtosecond timing jitter." arXiv preprint arXiv:2101.02920 (2021).

JLT: DOI: 10.1109/JLT.2021.3070208

Laser 1
Laser 2

Laser 1
Laser 2

Laser 1
Laser 2

Laser 2

Laser 1

Laser 1
Laser 2

https://doi.org/10.1109/JLT.2021.3070208

