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Motivation

• DFB Self-pulsating devices –
Two Section: Index- Coupled, Partially gain-coupled.
Three Section: Three DFB sections, Two DFB 

sections and a center phase section.
• Application include –
• All-optical clock recovery, Wireless Fiber Links, 

Terahertz generation.
• Modeling –

There is a critical need for understanding device 
operation and dependence on device characteristics.



Talk Outline

• Structure and Model.
• Model Prediction –Bulk
• Comparison of model predictions and 

experimental results.
• SSP and Cavity Conditions
• Quantum vs. Bulk
• Summary



Two-Section Gain-Coupled DFB 
Lasers: Device Structure

Multiquantum
well gain region

Grating

Substrate

Section a Section b

Cladding
Buffer

• Two section share one substrate
• Electrically isolated contacts for each section
• Gain Coupling lead to 

• (> 40 dB SMSR in single-section DFB)
• Relative independent operation in two section

• Proper design/operation lead to self pulsing: 
Periodic output with DC bias for both sections



Nonlinear Coupled Differential 
Equations of TS-DFB Lasers
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The inclusion of Wavelength 
Tuning 
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Bulk vs. Quantum Device Parameter
Quantity

Symbol Description
Bulk Quantum-Well

N0 Carrier density at 
transparency

2.1×1018 cm-3 1.5×1018 cm-3

gn Differential gain 3×10-16 cm2 3×10-16 cm2

Γx Confinement factor 0.3 0.068

λB Free space wavelength 1.55×10-4 cm 1.55×10-4 cm

Γ Cavity loss 40 cm-1 20 cm-1

α linewidth enhancement 
factor

3 3

τ Carrier lifetime 1.25 ns 1.25 ns

ε Nonlinear gain coefficient 3×10-17 cm3 1×10-17 cm3

nsp Spontaneous emission 
factor

2 2 

neff Effective refractive index 3.7 3.7

ng Group refractive index 3.55 3.55

δβ/δ(I/Itr) Temperature induced shift 
in Bragg condition

-30 cm-1 -30 cm-1



Bulk κL5+i0.5 – Section Length 
350μm
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Optical Downconversion Setup
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Measured Optical Spectra and RF
κ≈45+i4.5, L=380 μm, Ia=47 mA
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Self-pulsation Tuning Range and 
Modulation Index

Predicted Experimental
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Mode Profile
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Reflectivity Spectrum of Individual 
Sections
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SSP vs. Section Length
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SSP Range vs. Coupling Strength 
(Bulk) δβ=38 cm-1
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SSP and Facet Reflectivity
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SSP and Facet Phase Condition
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Degenerate Mode Beating –Weakly 
Coupled DFB lasers
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Non-Degenerate Mode Beating –
Strongly Coupled DFB lasers
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Modal Behavior and SSP frequency
(κl=3)
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1st SSP Regime
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Transitional Regime
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2nd SSP regime
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Modal Profile
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Two SSP regimes
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SSP range vs. Coupling Strength
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Summary

• A self-consistent model is able to predicted the 
general characteristics of two-section gain-coupled 
DFB lasers.

• Applying Quantum-Well parameters instead of Bulk 
parameter to the model allows the prediction of SSP 
behavior at a lower coupling strength.

• Degenerate and non degenerate mode beating is 
possible in partially two-section gain-coupled DFB 
lasers. 
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