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In this paper, injection-locking characteristics versus active layer structures in Fabry-Perot laser diodes (FP-LD) are compared.
TE and TM gain spectra and peak gains versus carrier density in polarized and unpolarized multiple quantum well structures and
in an unpolarized bulk structure are calculated. The calculated gain parameters are applied to a time-domain large-signal model
to simulate the injection-locking characteristics. The results show that RIN in unpolarized FD-LDs is about 3 dB lower than that
in a polarized FP-LD and that the eye characteristics of the unpolarized FP-LD are much better than those of the polarized FP-LD.
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TABLE 1. Material parameters
Parameter Symbol(unit) GaAs InP InAs GaP
Lattice constant a(A) 5.65 5.86 6.05 5.45
Electron me/m, 0.063 0.079 0.023 0.79
Effective mass
Hole Myp/m, 0.52 0.6 0.57 0.83
T 6.98 5.08 20.0 4.05
Luttinger parameter T, 2.06 1.6 8.5 0.49
T3 2.93 2.1 9.2 293
Energy bandgap energy Ey(eV) 1.42 1.34 0.36 2.27
Average valence band energy Ev(eV) -6.92 -7.04 -6.67 -1.4
Optical dielectric constant Eopt 10.9 9.61 12.25 9.08
Refractive index n(\) 3.65 3.41 3.52 3.45
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FIG. 1. (a) Polarized MQW, (b) Unpolarized bulk, and (c) Unpolarized
MQW active layer structures.
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FIG. 2. Peak mode gain versus sheet carrier densigy in polarized
MQW structure.
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FIG. 3. Peak mode gain versus sheet carrier densigy in unpolarized
bulk structure.
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FIG. 4. Peak mode gain versus sheet carrier densigy in unpolarized
MQW structure (tensile strain : 0.8%).
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TABLE 2. Parameters used for the calculation of polarized MQW FP-LD
TE ™
Strip Width w 1pm
Thickness of the Active Layer d 0.03 um
Confinement Factor r 0.11 0.07
Differential Gain 9, 27 %10 1¥em? 0
Transparency Carrier Density N, 1.63 10%em ™3 1.63x 10%em ™3
TABLE 3. Parameters used for the calculation of unpolarized bulk FP-LD
TE ™
Strip Width w 1um
Thickness of the Active Layer d 0.2um
Confinement Factor r 0.476 0.345
Differential Gain 9, 18<10™ *em? 18<10™ em?
Transparency Carrier Density N, 0.53 % 108em ™3 0.50 % 10'8¢m ™3
TABLE 4. Parameters used for the calculation of unpolarized MQW FP-LD(tensile strain 0.8%)
TE \ ™
Strip Width w 1um
Thickness of the Active Layer d 0.03pm
Confinement Factor I 0.11 0.07
Differential Gain g, 5.8 <10 Bem? 7.1x10™ em?
Transparency Carrier Density N, 2.65x 10"%cm ™3 2.35% 10"%cm ™3
TABLE 5. Threshold currents, dP/dl, and injection currents for P=6mW in case of three active layer structures
A% MQW EPEE! SR MQW
Threshold Current [mA] 6.2 mA 12.01 mA 11.52 mA
dP/dl [W/A] 0.44 W/A 0.407 W/A 0.423 W/A
Current for 6mW Output 19.8 mA 26.75 mA 25.70 mA
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TABLE 6. Laser diode parameters used in the simulations

Device Length 600 pm

Spontaneous Recombination Coefficient 7 x 10-"em’s™

Auger Recombination Coefficient 5 x 10 %m’s”

Waveguide Loss 20cm’

Nonlinear Gain Suppression Coefficient 3.6 x 107em’

Spontaneous Coupling Factor 5.0 x 107cm”

Reflectivity at facets Left facet : 0.1%, Right facet : 30%

Group Index 3.5

Line width Enhancement Factor 3
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FIG. 5. Lasing spectra of polarized MQW FP-LD (a) before injection-locking and (b) after injection locking.
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FIG. 6. Lasing spectra of unpolarized MQW FP-LD (a) before injection-locking and (b) after injection locking.
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FIG. 7. RIN versus detuning for the case of polarized MQW.
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FIG. 8. RIN versus detuning for the case of unpolarized bulk.
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FIG. 9. RIN versus detuning for the case of unpolarized MQW.
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