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Lasing characteristics of photonic crystal lasers studied by

scanning near-field optical microscopy

Student : Yi-Ying Liou Advisor : Prof. Wen-Hao Chang

Department of Electrophysics

National Chiao Tung University

Abstract

Scanning near-field optical microscopy (SNOM) with high resolution is used to
study filed distribution and lasing characteristics of photonic crystal laser. By
power-dependent micro-PL, we study the optical properties of lasing process in the
cavity. Power-dependent micro-PL results show that PL intensity will be increased,
FWHM narrowed and resonance wavelength blue shifted with slowing down
gradually when the excitation power is increased. The variation of PL intensity,
FWHM, and wavelength is observed during the lasing process by experiment of
SNOM which can obtain the full spectra in space. The distribution of electric field
and lasing region affect the PL intensity of spatial distribution in photonic crystal
cavity. Observing spatial distribution of variation of FWHM can determine the area of
lasing. Besides, photonic crystal is excited by the power which is below threshold,
free carrier effect is dominant and shifts the resonance peak to shorter wavelength in
the defective center. The influence of free carrier plasma effect becomes secondary
gradually when excitation power is above threshold and then local heating effect
becomes dominant influence. The resonance peak in defective center is local heated

and it is shifted to longer wavelength.
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%3 L5 3
transparent carrier
N 1.5x10%/(m’®)
density
a differential gain 1x10™%(m?)
Nin input light wavelength 785x10°(m)
Nout output light wavelength 1555%107°(m)
active region absorption
Ni 0.6
efficiency
Mo output power efficiency 0.02
the volume of active
V, 1.21x107°(m?)
region

Vi lasing mode volume 6.64064x102°(m°)
V, group velocity 8.82x10"(m™s)

I confinement factor 0.18

T, photon lifetime 8.27606x10™%(s)

spontaneous emission
Top 0.17x10%(s)
lifetime
Q quality factor 5000
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ANy = Fou [Nen (e "(e2) — 1)) (20)

a2 = GG o+ () At

=(2) [2.5x 107*AT - 1.63 x102°AN; ]
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