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Optical emission spectroscopy, as a convenient and quantitative measurement, is often used to

diagnose LPPs in analytical examination. The enhancement of the spectra signal is of great

importance for less destructive analysis. In this work, we present a 7-fold enhancement of

emission spectra measured from LPPs by applying an external electric field along the direction

normal to the target surface. The spatially and temportal resolved emission images from LPPs

formed by 532 nm laser ablation of a silicon target at the pressure of sub-mTorr ~ thousands of

mTorr with incident irradiance of 0.6 GW/cm2 are recorded using an iCCD camera attached to a

spectrograph. An electric potential of 80 kV is loaded between the target surface and parallel

electrode (with a distance of 3 cm) to create an external electric field onto LPPs. The expansion

velocity of the Si line (Si2+, centre at 455.1 nm) declines from 21 km/s to 4 km/s with the

increasing pressure due to the compression by the ambient gas, and further slow down with the

external E field. Although the better signal-to-noise-ratio of line emission at lower pressure due

to less continuous spectrum from ambient species, the collision frequency between the

electrons and ions is much less in the plasma produced at sub mTorr. The enhancement of the Si

line emission maximizes when LPP at the pressure of 200 mTorr. The E field strengthens the

collisions, and therefore the emission spectra intensity rises sevenfold. The enhancement falls

at higher ambient pressure because of the influence of the stronger continuous emission. The

results provide opportunity to realize tiny material removal during the low irradiance laser

ablation, and offer potential access to the less destructive laser induced breakdown

spectroscopy for elemental analysis.

Figure 1. Emission intensity of Si2+ line (3s4p – 3s4s, 455.1 nm) in the LPPs with (red) and without (black) external

electric field at the pressure of 1 (left), 200 (middle), 2000 mTorr (right).
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