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* Fiber ring laser with 20-GHz and 50-GHz repetition rates, using 

Rational Harmonic Mode-Locking and Graphene nanoparticles as 

saturable absorbers in the laser cavity, has been demonstrated. 

* Effect of varying different saturation parameters on pulse-width  

is simulated by solving Generalized Nonlinear Schrödinger Eq.

* The pulse-width in the 20-GHz expt. is 57% and Graphene SA 

expt. is 51% of the RHML expt. without a saturable absorber. 

Experimental findings agree with model simulation

Erbium doped fiber ring laser setup, with graphene nanoparticles in 

the cavity being used as saturable absorber. WDM – Wavelength 

Division Multiplexer couples the 980-nm pump laser to 1550-nm, 

supplies the gain in the Er-doped fiber. Saturable absorbers are 

sandwiched between two fiber end faces after being extracted from 

pencil nibs, by trituration and then imprinting-exfoliation-wiping. 

MZ-Modulator modulates the input CW into pulses.

𝛼 = 𝛼𝑙𝑖𝑛 +
𝛼𝑛𝑜𝑛
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(a) Autocorrelator traces of 20-GHz, with only RHML (blue) and

with Graphene SA and RHML both (red), show a reduction of

pulse-width from 5.3-ps to 2.8-ps when graphene SA is used.

(b) Equivalent traces for the 50-GHz pulse train show a reduction

of the pulse-width to 2.7-ps from 5.3-ps with Hybrid-ML.

Conclusion
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Effects of varying the saturable absorption parameters on pulse-width is 

simulated. Simulation was carried out incorporating Graphene’s absorption 

parameters, generating ultrashort 20-GHz and 50-GHz pulse trains. 

Pulse-width: RHML vs Hybrid-ML

Absorption properties of Graphene SA

Optical Spectrum Analyzer 

output showing 3-dB 

bandwidth of: 

(a) 0.8-nm using RHML for 

the 20-GHz train expt.

(b) 1.38-nm using Graphene

SA Hybrid-ML, 20-GHz

(c) 0.36-nm using RHML 

for 50-GHz expt.

(d) 0.68-nm using Graphene 

SA Hybrid-ML, 50-GHz

Total saturable absorption (𝛼) depends on the linear absorption (𝛼𝑙𝑖𝑛 ), 

non-linear absorption (𝛼𝑛𝑜𝑛), incident light intensity (𝐼) and saturation 

intensity (𝐼𝑠𝑎𝑡) as:

• Generating high repetition rate stable pulse trains with narrow 

pulse-width is crucial for high-speed optical communications. 

A combination of Rational Harmonic Mode-Locking and 

Saturable Absorption (Passive Mode-Locking) is a viable way 

of generating such high-frequency pulse-trains. 

• Rational Harmonic Mode-Locking of pulses in laser cavity is 

modeled as follows:

𝑓𝑚 = 𝑛 +
1

𝑝
𝑓𝑐

Here, 𝑛 and 𝑝 are integers, 𝑓𝑚 is the modulation frequency 

and 𝑓𝑐 is the inverse cavity round-trip time.

• Pulse propagation is modeled by the Generalized Non-linear 

Schrödinger Equation:
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Simulation of laser pulse evolution (a) without and (b) with Graphene:
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