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Electron-phonon interaction studied by atto-time resolved measurements
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Semiconductors are the basis of present technologies such as electronics, computing, communications, and
optoelectronics. The operation of semiconductor-based devices is dominated with electron motions. Recently, it is
revealed that electromagnetic field of light could control the electron motions in atto-time region, which corresponds
to peta-hertz operating frequency. However, the speed of real electronic devices is limited on the order of tera-hertz
(i.e., pico-second time region) due to the scattering of carrier-carrier and carrier-phonon. To reach peta-hertz
operation frequency, it is essential to understand how electromagnetic field of light drives electronic and atomic
motions in materials. In the present study, we investigated carrier and phonon dynamics with atto- or femto-second laser
pulses. First, we have developed time-resolved reflectivity measurements for the observation of electronic and atomic
polarizations. To overcome the low intensity and large fluctuation of ultrashort laser pulses, we utilized simultaneous uses
of boxcar integration and lock-in detection. By using sub-10 fs laser pulses, we succeeded to observe 10 transient
reflectivity change in bismuth film. Second, we investigated nitrogen-doping effects on ultrafast carrier and phonon
dynamics in diamonds. With the nitrogen doping, two-photon absorption caused the real transition from the impurity level
to the conduction band while one-photon absorption, that is, the virtual transition drives atomic polarizations (i.e.,
phonons). Through the polarization dependence of virtual and real transitions, it is found that anisotropic carrier

distribution is requisite for the generation of phonons in diamonds.
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Fig. 1. Experimental setup for time-resolved

reflectivity measurements with ultrashort laser pulses
in extreme-ultraviolet region.
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Fig. 2. Time-resolved reflectivity in bismuth film.
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Fig. 3. Time-resolved reflectivity measurements of

(a) type-Ila and (b) type-Ib diamonds, respectively.
Experimental results (black) are decomposed into
three components, (1) electronic response (red), (2)

phonon (blue), and (3) free-carrier response (green).
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Fig. 4. Power dependences of (a) electronic response,
(b) phonon, and (c) carrier response, respectively.
Open and solid circles correspond to the results of
type-Ila and type-Ib diamonds, respectively. Solid and
dotted lines are fitted results with linear and quadratic
functions, respectively.
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Fig. 5. Polarization dependences of (1) electronic
response (triangles), (2) phonon (squares), and (3)
carrier response (circles), respectively. Amplitudes
are normalized with each maximum. Solid and dotted
line are the fitted results with sin(26) and sin(26) +

constant, respectively.
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