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Introduction

Pump-probe techniques are widely used to measure events on time scales much shorter than the resolution of electronic detectors, and are applied in such diverse fields as ultrafast spectroscopy, photo-acoustics, TeraHertz imaging, etc. In ultrafast photoacoustics measurements for instance, a pump beam launches in the sample acoustic waves, which are detected by a second, temporally shifted probe beam. Typical detection methods rely on very small changes in the reflection coefficient of the sample surface, requiring an averaging of the signal to improve the signal to noise ratio. Traditional pump-probe methods use a mechanical delay line to shift the two pulses in the time domain, where each measurement point corresponds to a single mechanical position of the delay line. Although very efficient for small measurement ranges, extending this method in the hundreds of picoseconds or nanosecond lead to a very long acquisition time, and unpractical length for the delay line.

We present a new, compact detection system, using a compact dual-oscillator ultrafast laser system, specifically designed for pump-probe measurements over time scales as long 20 ns, with a sub-picosecond resolution. This system does not use any mechanical delay line, and allows for extremely fast acquisition time.

Experimental setup

The system uses a new, compact diode-pumped ultrafast laser, incorporating two femtosecond oscillators, frequency locked to each other, with a small difference (1 kHz) between the repetition frequency of the two lasers. Each pulse is therefore temporally shifted from the previous one without any mechanical adjustment. Since the repetition rate of the laser is very high (50 MHz), a complete measurement can be done in a very short time (1ms).Since there is no need for delay line control, pump beam modulation, lock-in amplifier detection, the detection system is extremely simple, and only requires a high speed detector and averaging system. The pump and probe beam wavelength are slightly shifted in order to eliminate the residual pump signal on the detector. Averaging 10000 times the signal takes only 10 s allows to reach a signal to noise ratio close to 10 -6 .

Results

The first result shown in figure is the photothermal response of a 250 nm Tungsten film deposited on a silicon substrate. The signal exhibits a typical fast behavior coming from the electronic response of the material followed by a slow thermal decay. Superimposed with thermal background appear acoustic echoes showing the longitudinal acoustic wave reflected back and forth in the Tungsten film. The time of flight between successive echoes allows the determination of mechanical properties of the film while the thermal decay can be used to identify the thermal properties of nanomaterials. Once a point measurement is done on can scan the whole surface of interest of the material and reconstruct the film of the material response. Thus figure 1 is one of the pixel responses of the photothermal and photoacoustic movie. Frame rate is about 1 Tera images per second during 20 ns. Acquisition time of the movie is a few ten of minutes. Figure 3 shows a frame of the photothermal and photoacoustic movie. One can easily see the thermal contribution to the signal giving rise, through thermoelastic coupling, to surface waves in the film. 

Conclusion

We have presented a new dual-source based optical sampling system designed for nanothermal applications which permits the imaging of the thermal and acoustic response of nano materials with a subpicosecond resolution. It is a breakthrough in nanomaterial thermal transport and ultrasonics experimental studies.
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