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Influence of laser power variation on laser—induced changes of
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Abstract: In order to understand the influence of picosecond laser irradiation on crystalline silicon, laser-
induced changes of crystalline silicon by picosecond laser ablation with different average laser powers
were studied. Then X-ray photoelectron spectroscopy and transmission electron microscope were used to
analyze the influence of average laser power variation on final chemical composition and microstructure
of the ablated silicon, respectively. It is concluded that, with the increase of average laser power, the
relative content of Si in ablation product keeps falling, by contrast, the relative content of SiO, gradually
rises. At the same time, the increase of average laser power intensifies the amorphization degree of
microstructure of ablated silicon. Finally, it is deduced that the increased laser fluence resulted from
average laser power increasing is the main reason for all of above experimental results, and also to
enlarge and deepen the thermal and mechanical damages in ablated silicon.
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Tab.1 Parameters in picosecond laser ablation

experiment

Laser average
4 15 20 30
power/mW

Scanning speed
/pm-s™
Spot radius/m 5.65

Laser fluence

/T em= 3.99 14.96 19.94 29.91
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Amorphous silicon
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(a) Amorphous silicon and its TEM electron diffraction pattern (a) Amorphous silicon and its TEM electron diffraction pattern

Nanocrystalline silicon

(b) TCRETE AR ffv+ 4K i BOH LT A1 4T P A (b) TEREFEA i+ 4K ity BOH L T 7 56 PR A
(b) Amorphous silicon+nanocrystalline silicon and their TEM (b) Amorphous silicon+nanocrystalline silicon and their TEM
electron diffraction pattern electron diffraction pattern
Bl 5 P50 4 mW f TEM 25 5 7 3715 20 mW i TEM 45

Fig.5 TEM result when laser power is 4 mW Fig.7 TEM result when laser power is 20 mW

() JEAETEAE B TR (&) TR R TR E

(a) Amorphous silicon and its TEM electron diffraction pattern (a) Amorphous silicon and its TEM electron diffraction pattern

Amorpous
Nanocrystalline silicon silicon
B

silicon

200 nm
(b) JosETEAE dh+ 44K dih B I L 177 S5 P

(b) Amorphous silicon+nanocrystalline silicon and their TEM

100 nm

(b) TCETEAR i+ K fiy K H v 7 A A PR
(b) Amorphous silicon+nanocrystalline silicon and their TEM

electron diffraction pattern electron diffraction pattern

6 FHTF N 15 mW B TEM 451 8 FHTyF N 30 mW B TEM 4%
Fig.6 TEM result when laser power is 15 mW Fig.8 TEM result when laser power is 30 mW
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