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Abstract

GaN has recently attracted a lot of attention due
to its potential application in blue to UV light sources
and high temperature and high field microwave
electronics. Compared with the well-known GaN
and its related material systems, GaN has heavier
masses, larger optical phonon energies, a large
exciton binding energy, and a wurzite crystal
structure. In order to understand their influence on
the material performance, we perform femtosecond
pump-probe experiments in order to investigate the
carrier and phonon dynamics.

For the system construction, we have built up a
new femtosecond Ti:sapphire laser system under the
NSC support during the first year of this project.

For the experimental part, we have obtained the
following results with this project:

(1) Electron cooling experiment: Found 0.5 ps
electron cooling time for GaN material system,
which is faster than GaAs material system.

(2) Intervalley scattering experiment: Found 1ps
delayed cooling time due to intervalley scattering.
The second conduction band minimum was
found to be 1.34 eV above the first conduction
band minimum, which is much higher than
GaAs material system.

(3) Bandtail state experiment: Found two different
kinds of carrier dynamic behaviors in GaN
bandtail states. These different behaviors are
energetically divided by mobility edge.

(4) Carrier diffusion experiment: Found “giant
ambipolar diffusion” behavior in InGaN/GaN
multiple-quantum-wells. This behavior is
induced by the large built-in piezoelectric field.

(5) Coherent acoustic phonon oscillation experiment:
Observe extremely-large coherent acoustic
phonon oscillations in InGaN/GaN
multiple-quantum-wells. This large oscillation
is induced and influenced by the large built-in
piezoelectric field.

(6) Coherent control of phonon oscillation
experiment: With an femtosecond pulse, we



demonstrate for the first time the coherent
control of phonon oscillations. Both magnitude
and phase control were successfully achieved.

(7) Nonlinear optical properties study: We have
studied the nonlinear refractive  index,
two-photon absorption constant,
second-harmonic generation, and third-harmonic
generation behaviors in GaN. Extremely large
nonlinearities were observed. Taking advantage
of these large nonlinearitics, we have
demonstrated two-photon microscopy,
three-photon  microscopy,  second-harmonic
generation microscopy and third harmonic
generation microscopy of GaN for the first time.

Keywords: electron, hole, phonon, carrier cooling,
intervalley scattering, diffusion,
coherent phonon osciliation, bandtail
states, piezoelectric field, nonlinear
optics.
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