Effects of shielding and re-deposition mechanisms during
GHz double-pulse irradiation of a thin gold film
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The topographies of ablation structures upon irradiation with ultrafast laser bursts in the
MHz-GHz regime differ significantly from those of conventional pulsing [1]. However, the
underlying physical mechanisms remain poorly understood. To address this, a thin gold film
(d, =100 nm, 20 nm adhesion layer of chromium, glass substrate) is irradiated with single-
and double-pulsed ultrafast laser radiation (4 =800 nm, 7y =40 fs, At =400 ps) with the
fluences of 1.5 and 3.0 times the ablation threshold per pulse. The interaction of the laser
radiation with matter, with particular emphasis on the second pulse, is complementary
investigated by two-temperature hydrodynamics modeling (TTM-HD) [2] and high-
resolution time-resolved imaging interferometry [3, 4]. Thus, after the first pulse induces
spallation, the second pulse re-deposits the ablation plume, transferring impulse and energy
to the non-ablated material. In contrast, shielding of the second pulse becomes more
pronounced if the first pulse induces phase explosion. In addition, the formation of ring-like
surface features within the ablation structures of the double-pulse (Figure 1) is explained by
the measured and reconstructed dynamics of the ablation plume.

Single-Pulse

Double-Pulse

Single-Pulse

Double-Pulse

H0=1.5chr 2XHO=1.5chr H0=3.0chr 2XHO=3.0chr 180

120

20 1 60
E £
= 0 0 £
= N

20 -60

-120

0 ] ] ] -180

-30-15 0 15 30 -30-15 0 15 30 -30-15 0 15 30 -30-15 0O 15 30
X/ pm X/ um X/ pym X/ pm

Figure 1: Topography of the ablation structures of a thin gold film upon irradiation with single- (a, c)
and double-pulsed (b, d) ultrafast laser radiation for the fluences of 1.5 (a, b) and 3.0 (c, d) times the
ablation threshold per pulse, measured with laser scanning microscopy.

Acknowledgements:
The authors gratefully thank the German Research Foundation (DFG) for funding the projects no.
458053570, no. 538140778 and no. 554722570.

References:

1. P. Lickschat, A. Engel, D. Metzner, A. Horn, S. Weifimantel, Appl. Phys. A 129 (2023),
DOI:10.1007 /s00339-023-06949-8

2. M. Olbrich, T. Pflug, C. Wiistefeld, M. Motylenko, S. Sandfeld, D. Rafaja, A. Horn, Opt Lasers Eng
129, 106067 (2020), DOI:10.1016/j.optlaseng.2020.106067

3. M. Olbrich, T. Pflug, A. Engel, A.F. Lasagni, A. Horn, Meas. Sci. Technol. (2026),
DOI:10.1088/1361-6501/ae6679

4. T.Pflug, M. Olbrich, H. Loheit, A. Horn, Appl. Phys. A 130, 632 (2024), DOI:10.1007 /s00339-024-
07797-w



