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Study on multimode relaxation oscillation-ef VCSELs and EELs
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Abstract : Based on multimode rate equations ,the relaxation oscillation of vertical-cavity surface-emitting lasers (\VCSELSs)
and edge-emitting lasers (EELs) has been studied-through SIMULINK provided by MATLAB. The results show that EBLs with
multiple longitudinal modes have higher relaxation“oscillation frequency and shorter turnon delay time ,which are relatively
unchanged for VCSH_s case. The simulation-tesults also verify the following conclusions : firstly ,VCSH_s has the merits of single-
mode working and high-speed modulation ;' Secondly ,the devices with higher bias current or larger spontaneous emission factor
exhibit better temporary characteristics”: thirdly ,the variation rate of VCSH_s’ side-mode suppression ratio (SMSR) with bias
current is higher than that of ,EB.s:“Fufthermore ,the side-mode intensities augment at the same rate with increasing the spontaneous
emission factor ,and the main~mode’ intensity decreases accordingly. Controlling this factor effectively can optimize the single-node
characteristic of VCSH_s.

Key words : vertical-cavity surface-emitting lasers (VCSELs) ;edge-emitting lasers (EELs) ;relaxation oscillation ;side-mode
suppression ratio (SVISR) ;spontaneous emission factor
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Table 1 Typical parameters of VCSHLs and ERLs!®!

arameter ol value
P ym VCSHLs EHLs
laser wavelength Ao 1.31um 1.31um
thi(?kness of active d 0.1um 0.2um
region
radius/ width of device W 4um 2um

continue

parameter symbol VCSHs value EdLs
cavity length L 6um 300um
group velocity Vg 8.8 X10%m/s 7.5 X10%nV/ s
equivalent cavity loss a 40cm ™! 86cm ™ *
confinement factor I 0.07 0.3
gain constant 9o 2.5 X10" ¥cm® 2.5 X10" Pem?
carrier lifetime at T 2.7ns 2.7ns
threshold
carrier density at No  2.2x10%m % 1 x10%m3
transparency
radiative recombination B 1 Xx10" Yem¥'s 1 X10" Pcm? s
rate
PWHM of gain spectrum Q 30nm 30nm
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Fg.1 Relaxation oscillation curve
olid and dashed-line represent the single-node and multimrode cases ,respectively
a—EHBs b—VCSHs
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Fg.2 Relaxation oscillation curve
the densities of the side-longitudinal nodes in figure 2a have been enlarged four
number levels a —VCSH.s b —EH.s
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Fig.3 Relaxation oscillation cunve with different bias current
a —VCSH.s 2mA b —VCSH.s 4mA ¢ —EHs 20mA d —EHs 0mA
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Fig.5 Relaxation oscillation curve with different By
a—VCSH.s,1 X10°* b—VCSH.s,1 X10°® c¢—EHs,1 X10°* d—
EA.s,1 x10°®
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Fig.6 Thermal distortion of single-layer thin film varies with time (left) and
isothermal diagram at t = 8s(right)
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