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Calibrating ablation rates for femtosecond-laser XPS
depth profiling with the Hypulse Surface Analysis System

Introduction

X-ray photoelectron spectroscopy (XPS) depth profiling
generates chemically specific information as a function

of depth and is used across a wide range of applications,
including the development of thin films and the analysis of
coatings. A challenge of traditional XPS depth profiling is that
ion sputtering can significantly alter the sample, leading to
changes in oxidation state, elemental redistribution, or interface
broadening. This can make it difficult to determine whether

any changes seen with XPS are representative of the sample
or simply artifacts of the measuring process, convoluting

our understand of the true composition of the material. Such
ambiguity can be particularly detrimental for processes such as
failure analysis.

Femtosecond-laser ablation (fs-LA) utilizes a fundamentally
different mechanism to remove material, and has recently been
proposed as an alternative to ion-beam depth profiling. With
fs-LA, energy is deposited on ultrafast timescales, limiting
thermal diffusion and thus reducing chemical modification. This
facilitates predictable material removal with the potential for fine
depth control, as it is relatively easy to control the laser fluence
at the sample surface. The Thermo Scientific™ Hypulse™
Surface Analysis System integrates fs-LA directly with XPS,
helping to preserve chemical information and interfaces during
depth profiling.

Calibrating laser ablation

Laser conditions can be calibrated to the amount of material
removed; this can be vital for comparing the fs-LA depth
profiling results from samples with the same composition.
Operating just above the ablation threshold allows incremental,
reproducible material removal without entering melt-dominated
or plasma-driven ablation regimes. In the near-threshold
regime, the depth of material (d) removed by a single
femtosecond laser pulse follows an empirical logarithmic
relationship, where F is the applied laser fluence, F,, is the
single-pulse ablation threshold fluence, and S is a material-
dependent slope parameter:
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If the single-pulse ablation threshold fluence is known, this
equation can be used to calculate the amount of material
removed per laser exposure for any applied fluence. This
application note describes how F,, can be determined though a
simple process where data is collected at three different laser
conditions for a sample with a known thickness.

Experimental procedure

The Hypulse System employs a femtosecond laser source with
a 1,080 nm wavelength. Pulse energy is controlled through a
motorized attenuator, enabling small, precise changes in the
laser fluence at the sample. To create a depth profile, a static,
single-pulse ablation approach is typically used, alternating
laser ablation with XPS acquisition to create a

composition profile.

thermo scientific



The example specimen used in this application note consists 300wl |
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Figure 1: SEM fracture cross-section of the reactively sputtered TaNx
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Figure 2: fs-LA profiles for the 435-nm-thick TaN film collected at (a) 300,
(b) 400, and (c) 500 pJ laser energies. These are plotted as a function of
ablation level, showing the compositional changes as a function of the
number of ablation steps that have taken place.



The laser energy, together with the area illuminated by the laser
and the beam intensity profile (which are measured during
instrument set-up with a beam imaging module), can be used
to calculate the laser fluence (F). The depth of material removed
can be plotted against In(F), and should result in a straight

line; the gradient and intercept can then be used to calculate
the ablation threshold (F,). These values can subsequently be
used to create a calibration plot; this allows for easy calculation
of the laser energy needed to remove a desired amount of
material per ablation step (Figure 3).
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Figure 3: Calibration plot for the TaN film, showing the correlation between
the energy of the laser and the depth of material that is removed.

Thermo Scientific Avantage Software is supplied with

the Hypulse System and contains a calculator within the
Knowledge View tool that further streamlines this analysis.
Calibration data is simply entered into the tool and it
automatically generates the required laser energy for a desired
ablation rate (Figure 4).

Figure 4: The calibration calculator in the Knowledge View tool of
Avantage Software.
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Conclusion

Femtosecond laser ablation offers many advantages for

XPS depth profiling, including the ability to maintain sample
chemistry throughout a depth profile, as well as the overall
speed of the laser ablation. With the Hypulse Surface Analysis
System, calibration of the ablation rate is straightforward and
uses a simple calculation that is also conveniently incorporated
into Avantage Software.
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