Ultrabroadband THz spectroscopy using rapid scanning method 
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Terahertz time-domain spectroscopy (THz-TDS) is a unique method which can detect a waveform of an electric field directly. It means both of the real and imaginary parts of a complex dielectric constant are obtained without Kramers-Kronig analysis [1]. THz region is typically defined in the frequency region between 0.1 and 10THz and there lie various physical and chemical informations, such as vibration modes of high polymers, excitonic states or supercondcting gaps. An observation of ultrabroadband and smooth spectrum has great advantage in spectroscopy. Recently, we demonstrated that photoconductive (PC) antenna detection has ultrabroadband and monotonous sensitivity from 0.1 to 100THz without insensitive regions [2].  When we want to cover ultrabroadband region, an optical delay line should run for a long distance with a fine resolution. In such a case, a conventional detection method using a step scanning delay line demands plenty of time, typically tens of minutes. Moreover, for optical-pump THz-probe measurement, enormous amount of time is needed because an additional optical delay line for a pump beam is required. Long measurement time may result in the distortion of a waveform of THz wave due to the low frequency noise of a laser system. 

In this experiment, we developed a time-efficient detection system for ultrabroadband THz-TDS using a rapid scanning delay line (RSDL), which reduces the measurement time remarkably [3]. The RSDL scans an optical delay for 10ps at 20Hz repetition frequency. Ultrashort pulses with 15fs duration were delivered from a mode-locked Ti:sapphire. The major part of the laser intensity was focused onto a PC antenna with a large aperture fabricated on an LT-GaAs substrate to generate ultrabroadband THz wave. The residual part was focused onto a 30µm dipole-type PC antenna with a 5µm gap to detect the THz wave [2]. The output signal and the position of the delay line were recorded simultaneously using an A/D converter with a sampling rate of 100kHz. The S/N improved significantly with increasing the number of integrated times, and the S/N of the 2000-times-integrated waveform was nearly the same as that of the waveform observed with a conventional step scanning delay line. One-order reduction of the measurement time was achieved using the RSDL. In the frequency domain, the spectrum between 0.1 and 15THz was observed. The present technique is specifically useful for the pump-probe measurement in ultrabroadband THz region.
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