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Deep-UV extended tunable micro-plasma radiation source

   

Plasma media is the sole state-of-matter that can directly emit in the ultra-violet (UV) spectral range. The current UV sources are then mainly based on the excimer gas-laser technology which also present several drawbacks limiting their implementation. Recently, the successful demonstration of generation and microconfinement of microwave-excited plasma in the core of inhibited coupling guiding hollow-core photonic crystal fiber (IC-HCPCF) has renewed interest in plasma based UV laser sources [START_REF] Debord | Generation and confinement of microwave gas-plasma in photonic dielectric microstructure[END_REF]. Indeed, the developed plasma-core PCF offers a compact, efficient and a radically novel platform to generate DUV/UV fiber gas laser. The in-fiber plasma generation is achieved by no-intrusively exciting the HCPCF confined gas with a microwave cavity, called surfatron. In ref. 1, Argon II spectrum spanning from 375 to 500 nm. Here, we report on means to extend the UV emission down to 200 nm, and demonstrate tunable UV radiation by integrating Littrow-like configuration cavity.

Fig. 1 summarises the experimental study and results. Fig. 1(a) shows the experimental set-up. It comprises two gas cells to which the ends of an IC-HCPCF are attached and filled with a ternary gas mixture of argon, oxygen and nitrogen (Ar/O2/N2) at a pressure around 10 -4 mbar [START_REF] Amrani | Gas mixture for deep-UV plasma emission in a hollow-core photonic crystal fiber[END_REF]. Three fibers with different core inner-diameters were tested (Fig. 1(c)). The latter are all based on a 19-cell Kagome-lattice cladding and a hypocycloid core-contour. The fiber core diameters are 115 µm (fiber #1), 150 µm (fiber #2) and 190 µm (fiber #3). A microwave power of 10-60 Watts is coupled into the fiber core by the surfatron to ignite a plasma column of 3 to 5 cm respectively (the details of the microwave coupling into the fiber is given in [START_REF] Debord | Generation and confinement of microwave gas-plasma in photonic dielectric microstructure[END_REF]). At the fiber output, the collimated beam is sent to a grating to spatially select the DUV/UV wavelengths by using the order 1 with 70% transmission. Finally, the radiation is characterized by a spectrometer and a powermeter. . This demonstration is a first step towards the realization of fiber gas laser.

Fig. 1

 1 Fig. 1 (a) Experimental Littrow-like configuration cavity used. (b) Typical plasma spectrum recorded at the fiber output at 40 W. (c) Optical power evolution versus the microwave power for different fiber core diameters at a constant fiber length of 30 cm and (d) for each DUV/UV spectral line for different fiber lengths with a fixed 190 µm core-diameter and 40 W microwave power. (e) DUV/UV radiations tunable as a function of the angle of the grating.
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 1 Fig.1(b)shows the typical emitted and fiber-guided spectrum in the range of 200-425 nm. The spectrum content exhibits up to 19 lines which are associated with NOγ transitions below 275 nm, Nitrogen system between 275 to 375 nm and Argon II above 375 nm. Fig.1(c) shows the total optical power evolution with the microwave excitation power for the three HCPCF. The results show that the fiber with the larger core (fiber #3) has the larger optical power output. By optimizing the fiber length (see Fig.1(d)), a maximum of 5 µW is obtained in the DUV/UV spectral range which corresponds to several hundred of nW for each line selected by the Littrow-like configuration cavity (see Fig.1(e)). This demonstration is a first step towards the realization of fiber gas laser.
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