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Introduction
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•Voice-over-IP

•High-definition TV

• IP-TV 

• Education-on-demand

•Video-on-demand

•Video conferencing

• Interactive video gaming

•Video surveillance

Bandwidth hungry services



4
T. Mizuno, Y. Miyamoto, “High-capacity dense space division multiplexing transmission,” Optical Fiber Technology, 
35,108-117 (2017)

Transmission Systems Capacity Progress

• Available degrees of data 
transmission scaled to (λ, Pol. 
Mux. & digital coherent)

• Reached capacity limits in SMF

• SDM improves capacity with 
cost per bit economy

System capacity per optical fiber

Exploring 2mm region



Optical Fiber Capacity Definition
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C. Okonkwo “Maximising Capacity Through Space Division Multiplexing” CLEO2021



2 mm Region Enabling Technologies 
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•Lasers (fiber lasers)

•Amplifiers – Holmium-doped fiber amplifier (HDFA)

•Passive components

•Modulators
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Laser (light amplification with stimulated emission and radiation)

• Gain medium between two reflectors
• When gain > loss = lasing

• Semiconductor Laser Packaging
• 14 pins butterfly package
• 3 pins TO can
• TOSA (transmitter optical subassembly) - Transceivers
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Fiber Lasers
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•Ring lasers

•Figure-8 lasers

•Loop mirror lasers

•Cascaded fiber lasers for HDFA



Ring Lasers
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Active Mode locking [1]

Pulsed Output @ 0.67 MHz
repetition rate



Ring Lasers
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Passive Mode locking [2,3]

Active Medium

Continuous Wave (CW) Light



Figure-8 Lasers [4]
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200fs pulses @ 3 MHz
repetition rate
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Loop mirror Lasers [5]
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Laser output at OP2 offers about 60dB OSNR

Four Laser lines at OP11 are possible by cascading 4 FBGs



Cascaded Fiber Lasers for HDFA [6]
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Pumps for HDF are expensive and not widely available



EDF Absorption & Emission Spectra and Energy Levels
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TDF Absorption & Emission Spectra and Energy Levels
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HDF Absorption & Emission Spectra and Energy Levels
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EDF Optimization
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Optimized Er+3 concentration is 
30x1024 m-3

Optimized Er+3 length is 17.5m

SE: slope efficiency 



TDF Optimization
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Optimized TDF length is 6m Optimized TDF concentration 
is 30x1024 m-3



Cascaded Lasers Output
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HDF Optimization
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Optimized HDF length is 13.6m Optimized TDF concentration 
is 95x1024 m-3



Simulation Parameters
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Effect of Coupling ration on Lasers Output
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Effect of Coupling ration on Lasers Output
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EDF TDF



HDFA Performance – I 
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HDFA Performance – II 
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HDFA Performance – III 
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Published Paper
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Live Demo
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Optiwave Software Download
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Effect of Coupling ration on Lasers Output
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EDFL TDFL HDFA

980nm
1480nm



Conclusions

•Cascaded fiber lasers are used to enable pumping HDF 
with 980nm and 1480nm lasers

•The emission spectrum of the 1st stage doped-fiber coincides 
with the absorption spectrum of the 2nd stage doped-fiber

•The cascaded fiber lasers and HDFA parameters are 
optimized for best performance

•Experimental validation is under consideration

•US provisional patent application was filed
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