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Introduction

* DFB Self-pulsating devices reported 1n the literature —
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.

« Motivation —

Having Predicted Symmetrical and Asymmetrical mode-
beating in partially gain-coupled DFB lasers

— In the symmetrical mode beating case, does the modal
dynamics differ from that of Index-coupled DFB lasers?

— What about Loss-coupled DFB lasers?



Complex-Coupled Two-Section
DEFB Lasers

Section a Section b
Index/Loss grating . )

Gain grating\ Buffer
Active region ;é- = = =] = =
Substrate
 Index-coupling n(z) = n,pp + An A ,co8(2nz/AtQ,)
* Loss-coupling wz)=a, +Aayd;cos(2nz/Ate,)
* Gain-coupling g(z)=g, +Ag,cos(2nz/A+o,)

7 J
K=" A4,An, +Z(AgAg0 —4,Ac,)

Bjorn et al. “Instabilities and Nonlinear L-I Characteristics in Complex-Coupled DFB
Lasers with Anti-Phase Gain and Index Grating”, J. Quant. Elect. Vol. 32 no. 5 May 1996
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Nonlinear Coupled Differential
Equations of TS-DFB Lasers
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The 1nclusion of Wavelength
Tuning
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Device Parameter

.. Quantity
Symbol Description
L Section Length 400 um
K, Coupling Constant 50 cm’!
N, Carrier density at 1.5x10'8 cm
transparency
g, Differential gain 3x10716 cm?
r, Confinement factor 0.068
A Free space wavelength 1.55%10* ¢cm
r Cavity loss 20 cm!
o linewidth enhancement 3
factor
T Carrier lifetime 1.25 ns
£ Nonlinear gain coefficient 1x10717 cm?
n Spontaneous emission 2
P
factor
gz Effective refractive index 3.7
n, Group refractive index 3.55
OPIXIL) Temperature induced shift -30 cm™!
in Bragg condition




Predicted Modes vs Static Detuning
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Minimum Static Detuning LC, IC
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Mode Profile (5dB/Div.)

Mode Profile (5dB/Div.)

Mode Profiles and Carrier
Distribution
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Tuning Range and Modulation Index
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Mode Profile (5dB/Div.)
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Mode Profile (5dB/Div.)

N/N,

Modes Profiles (6,=170 cm!)
IC LC GC

——1/1 =3
a tr —1 /1 =3
] ———1/1=55 aw — /1 =3
a - ——1/1.=6.5 e
| 1,577 1’02 — I/,
| —1/1 =85 =10
400 200 O 200 400 400 200 0 200 400 400 200 O 200 400
SectionA  ,m  SectionB SectionA ,m  Section B SectionA | m  Section B
3.5, s 3.5, e 3.5 o
o Ia/Itr:5'5 S Ia/l!r:6'5 —_— |a/|tr=5
3.04 1)1 =7.7 3.04 1/1.=9.2 3.0 =7
- Ialltr_8'5 - Ia/Itr_lO o
25_& T~ = 2.5 T~ — 2.5 ™~
= =
2.0 / 2 20/ / 2 2.0-%\
1.5 1.5 / 1.5
1.0 1.0 . . 1.0
400 -200 0 200 400 400 -200 0 200 400 400 -200 0 200 400

SectionA | m Section B Section A um  Section B SectionA | m  Section B



Reflectivity

Lasing Modes
25 ./\.
2.0 a B A
_>
1.5
1.0]
0.5

Reflectivity Spectra

b

Lasing Modes Lasing Modes

/| N

a B

Section A
Section B

-300 -200-100 O 100 200 300 -300-200-100 O 100 200 300 -300-200-100 O 100 200 300

AB (cm™)

Index-coupled

AB (cm™) AB (cm™)

Loss-coupled Gain-coupled



Modal Dynamics

* Loss-coupled DFB lasers — When the current
of section A 1s increased, mode B 1s also
increased — Mode B is the dominant mode.

 Index-coupled DFB lasers — The dominant
mode depends on the static detuning
parameter.

* Gain-coupled DFB lasers —-Mode A 1s the
dominant mode.



Conclusion

For 10% gain-coupled DFB laser - above 90%
modulation index 1s predicted for self-pulsations
between 34 and 123 GHz.

For 5% loss-coupled DFB laser - above 50%
modulation index 1s predicted for self-pulsations
between 27 and 155 GHz.

When the difference in current levels 1s large the
self-pulsation become pulsed for loss-coupled DFB
lasers

The carrier levels are least sensitive to current levels
in the case of gain-coupled DFB lasers.



