
Sticking probabilities

Reaction front width determination

A key parameter for obtaining precise values of 𝛽𝛽0 is the determination of the
reaction front width (𝜆𝜆c) of coatings inside the pores. By acquiring cross-section
images with in-beam back scattered electrons (BSE) detector, the different elements
are highlighted by a difference in contrast (as seen from Fig.3(A)) and the coverage
profile can be numerically obtained. 𝜆𝜆c is then defined as the distance between the
two 1st order derivative flipping of the coverage curve.

• Additionnally, this method allows to modify specific ALD process parameters
(here the precursor exposure time) for optimising the coating’s coverage, as seen
on Fig. 3(C). In this case, the sticking coefficient can not anymore be extracted
from coverage profile, as the ALD process is running in now running in the
reaction-limited regime.

Table 1 shows the sticking coefficients obtained from our method on two different
chemistries. In the current state of the work, only two precursors could be
characterized.

• Due to the high diffusivity of TMA, this precursor experienced a reaction-limited
regime and would require higher AR to force the diffusion-limited regime and
provide a precise value of 𝛽𝛽0. Therefore, only a minimal value of 𝛽𝛽0 can be
obtained for TMA.
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Motivation
• With the increasing demand for longer life time and safer batteries, atomic layer deposition (ALD) has become the method of choice for the synthesis of artificial solid

electrolyte interfaces [1-3] (SEIs) due to its outstanding thickness control and conformality of deposited films, allowing the surface treatment of porous cathode active
material (CAM) from batteries electrodes in a unique way.

• Aiming for the full coverage of the active material, ALD process must be optimized in order for precursors to diffuse in the porous 3D structures of CAMs.
• To this end, high aspect ratio (AR) porous Si structures were employed to determine the penetration depth of precursors and characterise 1) the sticking probability and

2) the ALD regime (reaction- or diffusion-limited) of various chemistries relevant for artificial SEIs.

High AR porous Si chip 

The substrates employed in this investigating are home-made porous Si chips (1x1
cm2) synthetized by photolithography. The pores are defined by a 3 μm opening
and a 100 μm depth, providing an AR of 30. The pores density is 1.25 × 104cm2.

The dimensions of the pores were chosen to present similar AR as the porous
cathode active material substrates, to be coated for the end-application of the
artificial SEIs.

ALD regimes and diffusion-reaction model 

Szmyt et al. (2022) [4] developed a set of scaling laws describing the different ALD
regimes (reaction- or diffusion-limited) and their corresponding surface coverage
with respect to coating depth and sticking probability. Eq. (1) shows the expression
of the coverage in the diffusion-limited regime, i.e. the dominating regime when
depositing on high AR and porous substrates, as represented on Fig.1.

With 𝜃𝜃 - the surface coverage, 𝜆𝜆c - the reaction front width, 𝐿𝐿 - total length of the
pores, 𝑛𝑛0 - the substrate surface sites density, 𝐽𝐽 - the flux of molecules to surface, 𝛽𝛽0
- the sticking coefficient and 𝑡𝑡 - the time.
The diffusion-limited regime allows to calculate the sticking coefficient of
precursors, by determining the reaction front width 𝜆𝜆c through the coverage profile
of the chemisorbed film:

Where �̅�𝑠 is the surface area to void volume ratio of the structure where precursors
diffuse.

• In our work, we apply this model to porous Si structures (series of cylindrical
holes, see Fig. 1), allowing to determine the penetration depth of the coating
inside the pores. The reaction front width, and therefore, the sticking coefficient
of precursors can be obtained. From this value, information on the behaviour of a
given ALD precursors are gathered, such as its diffusivity, deposition regime or
ability to provide conformal coatings in high AR.

• Finally, this study aims to define the optimized ALD parameters (such as
precursor exposure time or butterfly valve opening) for maximizing the
penetration depth of precursors inside porous structures and apply such
parameters for the surface treatment of cathode active materials (CAM)
employed in batteries.

Conclusions 
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Coating Precursor / Co-reactant 𝜷𝜷𝟎𝟎

Al2O3 TMA / H2O > 1.85 × 𝟏𝟏𝟎𝟎−𝟔𝟔

SnO2 TDMASn / H2O 1.5 × 𝟏𝟏𝟎𝟎−𝟐𝟐
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Figure 2. SEM images of (A) Top view and (B) cross-section view of high AR porous
Si substrate for diffusivity and sticking coefficient investigation.

Figure 3. Cross-section SEM in-beam BSE image of porous Si coated by atomic layer deposition of SnO2 with (A)
5 s exposure and (C) 30 s exposure time. (B) and (C) are the associated coverage profiles processed numerically
from SEM images. The profile curve is obtained by averaging the coverage of 10 different pores.

Figure 1. (A) Illustration of diffusion-limited ALD regime taking place in porous high AR Si and (B) associated
coverage profile. Blue color represents the chemisorption coverage.

• A quick method for characterizing various precursors behavior, such as
diffusion and conformality capabilities, is presented.

• In the context of high AR structures, most of precursors will present a diffusion-
limited regime, giving rise to a reaction front.

• Applying the diffusion model introduced by Szmyt et al. (2022) [4] allows to
determine the precursor’s sticking coefficient from coverage profile vs.
penetration depth.

• This characterization method will be employed on different chemistries
relevant for artificial SEIs, such as LiOtBu or Nb(OEt)5 with the objective of
optimizing ALD process parameters for improved batteries performances.

• Porous-Si chips presenting higher AR (in the range of 100) will be synthetized in
order to study a wider range of precursors, including the most diffusive ones.


	Diapositive numéro 1

