
RF spectra showing a peak frequency at 30-GHz along with super-

mode noise using only RHML in (a) and with suppressed super-mode

noise using Hybrid ML in (b).

(b)(a)

Simulation of pulse formation from a seed pulse is plotted. Intensity is 

given in arbitrary units. 

(a) Pulse stabilizes at ~5.3-ps when only RHML is used in the cavity. 

(b) Pulse stabilizes at ~1.9-ps when both RHML and NPR is 

incorporated.

(a) Simulation showing the effect on pulse-width, when 𝛼2 is varied, 

keeping 𝛼1 = 45˚ and PCF length constant. Minimum pulse-width of 

1.9-ps is generated when 𝛼2 = 30˚.

(b) Pulse-width versus PCF length is plotted after running the simulation 

for three different 𝛼2 values, keeping 𝛼1 = 45˚ fixed.
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• 30-GHz pulse trains are generated using Rational Harmonic Mode 

Locking and Hybrid Mode Locking in a fiber ring laser setup. 

Nonlinear Polarization Rotation can be used to reduce pulse-width 

from 5.8-ps to 1.9-ps in the Hybrid-ML configuration. This also 

suppresses the super-mode noise in the frequency domain.  

• Simulations were carried out to determine the effects on pulse 

width of various polarization parameters of a highly nonlinear 

Photonic Crystal Fiber. The pulse-width reduction for the two 

setups, simulated by solving the Generalized Nonlinear 

Schrödinger Equation using Split Step Fourier Method, agrees with 

the experiment findings. Working principle of the fiber ring laser setup with PCF in the 

cavity. WDM – Wavelength Division Multiplexer couples the 980-

nm pump laser to 1550-nm (telecommunication wavelength). 

Erbium Doped Fiber Amplifier supplies the gain. MZ-Modulator 

converts the continuous wave input into pulses. PCF polarization    

is controlled by the in-line polarizer and polarization controllers     

(PC-2 and PC-3). 10% pulses are ‘read-out’ and 90% is fed-back   

by a 90/10 optical coupler for analysis.
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(a) Autocorrelator trace of ~5.8-ps pulse-width with only RHML.

(b) Pulse-width is reduced to ~1.9-ps after incorporating both

RHML and NPR in the fiber ring laser cavity.

Conclusion
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Experiment Results
• High-speed fiber optic telecommunication requires pulse train 

generation of ultrashort pulse widths. A combination of Rational 

Harmonic Mode-Locking and Nonlinear Polarization Rotation 

(NPR) is a viable way of generating such pulse-trains. 

• Working principle: Detuning cavity frequency 𝑓𝑐 by a factor 𝑝
such that the output pulses are 𝑝 times more than modulator 

frequency 𝑓𝑚. Mathematically,

𝑓𝑚 = 𝑛 +
1

𝑝
𝑓𝑐

• Pulse propagation in fiber optic devices is modeled by the 

Generalized Non-linear Schrödinger Equation:
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• Transmission properties of Photonic Crystal Fiber (PCF):

𝑇 = cos2 𝛼1 cos
2 𝛼2 + sin2 𝛼1 sin

2 𝛼2 +
1

2
sin 2𝛼1 sin 2𝛼2 cos (Δ𝜙𝐿 + Δ𝜙𝑁𝐿)

where, Δ𝜙𝐿 =
𝑛𝑥 − 𝑛𝑦

βL
and Δ𝜙𝑁𝐿 = −

1

3
𝛾𝑃𝐿 cos 𝛼2

Here, the angles 𝛼1 and 𝛼2 of the two in-line polarization 

controllers are adjusted to generate the shortest possible pulse-width 

Hybrid Mode Locking Experiment

Pulse-width vs PCF Parameters

(a) Schematic of NPR generation using PC-PCF-PC combination. 

(b) Typical output pulses after NPR for an input pulse, based on different  

transmission criteria, set by tuning the polarization angles 𝛼1 and 𝛼2.
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Pulse-width Simulation: RH vs Hybrid ML
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