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Area selective deposition via atomic layer deposition (ALD) has proven its utility in elementary nanopatterning processes. In the case of
complex 3D patterned substrates, selective deposition processes lead to vertical sidewall coverage only, or top and bottom horizontal surface
coverage only, to enable advanced nanopatterning and further miniaturization of microelectronic devices. While many fabrication strategies
for vertical only Topographically Selective Deposition (TSD) have already been developed, the horizontal TSD case needs further attention.
In this work, we propose a versatile route for the TSD on 3D top and bottom horizontal surfaces along with a proof-of-concept for such
selective Ta2O5 thin film deposition. The strategy at stake relies on a plasma enhanced atomic layer deposition process assisted by energetic
ion bombardment during the plasma step and followed by a postgrowth wet etching step. The effectiveness of this strategy is based on a
careful adjustment of processing temperatures purposely set at low temperature, most probably below the ALD temperature window.
Anisotropic ion bombardment via substrate biasing during the plasma step provides an extra amount of thermal energy only to exposed
horizontal surfaces, which in turn enables a selective densification of the thin film under growth. The difference in thin film density on hor-
izontal and vertical surfaces enables the property-selective etching of vertical surfaces, generating horizontal TSD. A proof-of-concept for
such low temperature TSD is shown in the case of 3D trenched substrates with an aspect ratio of 14.

I. INTRODUCTION

A. Introduction to area selective deposition

Area Selective Deposition (ASD) by Atomic Layer Deposition
(ALD) is gaining increased attention as a strategy for bottom-up thin
film deposition that can potentially avoid technically challenging
multipatterning lithography steps for the production of advanced
nano- and microelectronic devices. In this regard, ASD is particularly
attractive for high throughput manufacturing of nanoelectronic com-
ponents with 3D architectures such as 3D solid-state batteries,1 3D
photonic devices,2 as well as microelectronic logic and transistor
devices.3–5 Considering 3D architectures such as trenches or pillars,

two distinct objectives can be identified for Topographically Selective
Deposition (TSD). The first objective is to produce a thin film on

vertical surfaces only, e.g., for potential applications such as spacers

for nanopatterning, liners, or diffusion barriers.4,6–8 The second

objective is to produce a thin film on horizontal (top and/or bottom)

surfaces only, for applications such as nanowire coating,9 self-aligned

gates and contacts,4 trench filling, hard mask deposition,10 or edge

placement error correction.11 Numerous strategies have already been

proposed in the literature for TSD of 3D substrates. For instance,

deposition on vertical 3D trench sidewalls can be achieved by surface

deactivation by in situ fluorocarbon deposition before growth12 or by
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ex situ self-assembled monolayers grafting.13 3D vertical TSD can
also be achieved thanks to an in situ Atomic Layer Etching (ALE)-
like anisotropic etching step after conformal deposition14 or by a
supercycle approach based on alternating deposition and etching
steps during thin film growth.9

Another TSD strategy has recently emerged, which is based on a
standard plasma enhanced atomic layer deposition (PEALD) process
combined with an additional substrate RF polarization during each
plasma step and followed by a postdeposition wet etching step. This
substrate polarization induces a directional ion flux impinging per-
pendicularly to the substrate, and it in turn alters the physical proper-
ties and hence the Wet Etch Rate (WER) of the thin film under
growth. Depending on ion energies, the deposited material, and the
precursor chemistry, this ionic bombardment assistance can either
improve or degrade the physical properties of the film, and only hori-
zontal surfaces are concerned when dealing with 3D substrates.
Hence, by carefully tuning the average kinetic energy of impinging
ions, the thin film properties on exposed horizontal surfaces are mod-
ified and can later be maintained or removed during a subsequent
postgrowth wet etch. Thus, a selectively deposited film only on either
horizontal or vertical surfaces of the 3D substrate can be obtained.8,15

In this study, we develop a TSD strategy by using ion bombard-
ment in a nonideal PEALD regime, i.e., below the well-known pro-
cessing ALD temperature window. When the temperature of the
process is intentionally set below or above such an ALD window, the
GPC (Growth Per Cycle) and/or density of the material are strongly
modified. Ionic bombardment assistance during PEALD provides an
additional control knob among growth parameters, analogous to a
temperature modulation that allows restoring the surface dependent
growth regime of the ALD window. This is attributed to the overall
increase in thermal energy (ionic bombardment + temperature) at the
surface of the film under growth. Consequently, surface reactions can
be activated by ion bombardment, such as adatom diffusion, creation
of active sites, or desorption of adsorbed species.16 Therefore, when
the ion flux is intentionally directed perpendicular to the surface, the
thin film properties will then be altered only on exposed surfaces of
3D patterns, potentially inducing a difference in the growth regime on
surfaces normal and parallel to the ion flux, respectively. In the fol-
lowing, this strategy is first described, and an experimental
proof-of-concept is then given. As mentioned above, this work relies
on a standard PEALD process carried out with a basic ALD recipe
but at a processing temperature deliberately set much lower than that
recommended for the metallic precursor at stake. This generates a
poor-quality deposit with a high level of impurities and a low density,
while the conformal aspect of ALD is preserved. Then, an anisotropic
ion bombardment step, using a medium ion energy, is inserted within
the process, which provides the extra thermal activation required to
improve the density and purity on surfaces exposed to the ion flux
(namely, horizontal top and bottom surfaces). The difference in mate-
rial properties on vertical and horizontal surfaces is expected to
induce a WER difference enabling TSD.

B. TSD at low temperatures: Basic principles

1. Material growth regimes in ALD

The thermal or plasma-based ALD process with temperature is
illustrated in Fig. 1. In this schematic, four different material growth

regimes, besides the ALD plateau regime, are generally identified.17,18

At lower temperatures, incomplete reaction (regime A) or condensa-
tion (regime B) can happen, both resulting in a low material density.
Regime A leads to an increasing GPC with temperature due to a
limited precursor adsorption,19–21 whereas regime B leads to a
decrease in the GPC when the temperature increases due to precur-
sor molecule condensation, which results in organic ligand incorpo-
ration into the deposited materials.22–24 At temperatures above the
ALD window, precursor decomposition (regime C) or adatom
desorption (regime D) can take place. Regime C indicates the onset
of the chemical vapor deposition growth mode, evidenced by an
increasing GPC with temperature, due to precursor thermal decom-
position at the substrate surface. Finally, in regime D, the GPC
decreases with temperature because of enhanced desorption of
adsorbed precursor molecules. It should also be mentioned that the
ALD plateau itself can be nonideal, especially when metal-organic
precursors are used. This is evidenced by a small GPC decrease
when the temperature is increased (indicated by the dashed line in
Fig. 1).17,19,24–26

2. Ion bombardment assistance during PEALD

It is generally accepted that PEALD extends the thermal ALD
temperature window of a given precursor toward the lower temper-
ature region because the lower thermal energy of the process is
compensated by exposure to highly reactive plasma species, such as
radicals, ions, and photons.27,28 At lower deposition temperatures,
the physical properties of PEALD thin films can be further modu-
lated by adjusting the duration of the plasma step, i.e., the ion dose
on the thin film under growth. However, an interesting alternative
for this purpose is to apply an additional waveform RF bias voltage
to the substrate during the plasma step itself.8 The resulting time-
averaged bias voltage VDC enables extraction of positively charged
reactive plasma species with a tunable incident kinetic energy.
This ion flux is then accelerated through the plasma sheath in a
perpendicular trajectory to the substrate.29 The impact of such an
ionic bombardment during the second half-reaction of the PEALD
process depends on the ionic species at stake and on their incident
kinetic energy.16 At medium ionic energy, typically from 30 to

FIG. 1. Schematic GPC temperature behavior defining the ALD temperature
window, as described in Refs. 18 and 27.
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150 eV, surface reactions such as enhanced combustion and
adatom diffusion are favored, boosting thin film growth.
Consequently, the first half-reaction of the following PEALD cycle
is also activated thanks to improved ligand exchange mechanisms
and activation of nucleation sites after the plasma step.23,30 On the
other hand, at high incident ionic energy (larger than 150 eV), phe-
nomena such as sputtering, roughening, and/or implantation can
prevail with detrimental effects on the physical properties of
PEALD thin films.16

3. Investigated top and bottom TSD strategy: Top and
bottom deposition by density modification in the low
temperature regime

Performing a standard ALD process at low temperature,
which is expected to be outside of the ALD plateau, can result in a
nonoptimized thin film density. As an example, in the condensa-
tion regime B, ligands from the metal-organic precursor can be
incorporated in the solid film, leading to light contaminants such
as [C] or [H], as well as nonstoichiometric [O] or [N] contents, in
the case of oxide or nitride deposition. This can result in a lower
density of the deposited material. In such a case, ion bombardment
assistance can be used to improve the properties of the deposited
thin film on top and bottom surfaces, as illustrated in Fig. 2. In this

figure, a deposition carried out at a temperature below the ALD
window (regime A or B) can result in a low material density due to
ligand incorporation. Energetic ions added to the process induce
enhanced ligand removal during the plasma step, thus decreasing
contamination in the material and, consequently, increasing its
density. Hence, when deposition is carried out in 3D structures,
horizontal surfaces exposed to the ion flux could exhibit a larger
density as compared to vertical surfaces. Finally, a postdeposition
selective etching step (wet or dry) can lead to top and bottom selec-
tive deposition, thanks to the higher etching rate of the lower
density material.

In this paper, we focus on such selective deposition strategy
based on low processing temperatures and combined with an
anisotropic ion bombardment during the PEALD process. The
proof-of-concept of this low temperature TSD approach is carried
out for Ta2O5 thin film deposition. Ta2O5 is chosen since it is often
used in semiconductor manufacturing, for example, for antireflec-
tive coatings or electrical isolation. For given application examples,
it is necessary that the deposited film exhibits high refractive index
and high density. In addition, as of general trend in semiconductor
manufacturing, it is desirable that thin films can be deposited at
very low temperatures with a reasonable growth rate. If the predic-
tion given above is correct, Ta2O5 thin film density is expected to
improve on surfaces exposed to the ion flux and a postgrowth iso-
tropic wet etching step is, thus, expected to selectively remove
coating on vertical sidewalls.

II. EXPERIMENT

Ta2O5 thin films are deposited in a remote-plasma, low-
pressure, hot-wall commercial ALD reactor (FlexAl, Oxford
Instruments) with an inductively coupled plasma (ICP) RF source
operating at a frequency of 13.56MHz. The substrate is additionally
biased with a similar matching box (13.56MHz) operating at a
tunable incident RF power of up to 80W corresponding to a time-
averaged substrate bias voltage VDC of up to −315 V.

The first PEALD half-reaction of Ta2O5 involves the
t-butylimino-tris(dimethylamino)tantalum (TBTDMT) (99.99%
purity) metal-organic precursor diluted in 100 SCCM Ar flux.
This step lasts for 1.5 s at a chamber pressure of 80 mTorr and is
followed by a 3 s purge step. The second half-reaction consists of a
2 s, 60 SCCM O2 gas stabilization at a chamber pressure of
15 mTorr, after which the plasma is ignited for 2 s with a power of
300W to the ICP unit. When needed, the substrate is biased
during the whole plasma step. This is then followed by a 2 s purge
with a 100 SCCM Ar flux at a chamber pressure of 80 mTorr.

Depositions are first performed on planar Si substrates with a
1.5 nm native SiO2 for Ta2O5 material property characterization.
Two experimental parameters, namely, substrate stage temperature
and substrate bias power, have been varied from 100 to 400 °C and
0–80W (VDC = 0 to −315 V), respectively. Then, the deposition has
been carried out in 3D structures with applied substrate bias and
followed by a postgrowth wet etch in 5% hydrofluoric acid (HF) to
lead to TSD. The 3D structures are fabricated by deep reactive ion
etch according to a Bosch process alternating octafluorocyclobutane
(C4F8) passivation and hexafluoride (SF6) etching steps.

FIG. 2. (a) Schematic illustrating the impact of ion bombardment on the thin
film density for a process carried out below the ALD temperature window and
(b) subsequent TSD strategy in 3D structures.
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The film thickness is controlled by an in situ Film sense FS-1
multiwavelength ellipsometer working in the visible range and con-
firmed by ex situ spectroscopic ellipsometry (SE) (Horiba Scientific,
AutoSE), scanning electron microscopy (SEM, Zeiss Merlin), and
x-ray reflectometry (XRR, PANalytical X’pert PRO). Ex situ SE
with a Tauc–Lorentz dielectric function model is used to estimate
the thickness and refractive index values. Density and thickness
measurements are extracted by XRR with a general algorithm cal-
culation using JVXRR software.

III. RESULTS AND DISCUSSION

A. Proof-of-concept of top and bottom TSD on 2D
planar substrates

Ta2O5 films with a thickness of ∼10 nm were used to investigate
the PEALD temperature window as a function of substrate stage tem-
perature. The obtained GPC, material density, and refractive index of
thin films prepared without any applied bias voltage are presented in
Fig. 3. Looking at the results, it is rather evident that the ALD

plateau is nonideal. Nevertheless, combining both GPC and material
properties results, we can deduce that low temperature growth can be
assigned to the condensation regime (regime B) with higher GPC
and lower density and refractive index, in agreement with conven-
tional ALD regimes.24 Such a nonideal ALD plateau has already
been reported for Ta2O5 thin films deposited from TBTDMT and
derivatives, both by thermal23,25,31,32 and PEALD processes,24,33,34

and has been attributed to temperature-activated ligand exchange
reactions during the first half-ALD-reaction23,35 and combustion

FIG. 3. Nonideal ALD window of an ∼10 nm thick Ta2O5 PEALD thin film with
no applied bias voltage: (a) growth per cycle and (b) material density and refrac-
tive index as a function of substrate stage temperature. The dashed lines repre-
sent a visual guide.

FIG. 4. Nonideal ALD window of Ta2O5 PEALD as a function of substrate stage
temperature for various time-averaged substrate bias voltages VDC: (a) growth
per cycle, (b) material density, and (c) refractive index. The dashed lines repre-
sent a visual guide.
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reactions by oxidizing agents during the second half-reaction.30,33,35

Hence, at low deposition temperature, an incorporation of tert-butyl
ligands leading to a low density porous Ta2O5 deposit.

In a previous paper,16 we have already discussed in detail the
extent to which PEALD thin film physical properties can be signifi-
cantly improved by exposing the thin film at stake to energetic
ionic bombardment during the second half-cycle of the PEALD
process. Figure 4 shows the impact of substrate bias on the GPC,
thin film density, and refractive index for temperatures ranging
from 100 to 300 °C. It can be observed that substrate biasing sig-
nificantly mitigates the GPC decrease with temperature with the
strongest effect at VDC = −140 V. Using such low ion energy bom-
bardment, the GPC becomes rather flat throughout all deposition
temperatures used, ranging between 1.1 and 1.2 A/c. Moreover,
material properties are greatly enhanced even for deposition at
100 °C, having values close to stoichiometric, bulk Ta2O5

(n = 2.16 and 8.2 g/cm3). Such encouraging results can be attrib-
uted to the ion bombardment energy, which favors TBTDMT
amine bond breaking and organic ligand combustion, as con-
firmed by improved density and refractive index of the thin film.
On the other hand, at temperatures above 200 °C, no clear trend
can be deduced in the GPC behavior, and a quantitative analysis of
modified material properties seems hazardous. A deep investigation
of involved mechanisms, such as implantation and sputtering, has
already been reported8 and is out of scope of the present work.

However, the important point to underline here is that medium
energy substrate biasing strongly improves material properties at dep-
osition temperatures ≃100 °C.

The density improvement for deposition at 100 °C is further
confirmed from XRR data (Fig. 5), which shows that the XRR criti-
cal angle is shifted toward higher incident angles for medium ion
energy, indicating a higher film density. Moreover, Fig. 5 also
shows an improved oscillatory pattern at higher angles, indicating
that surface roughness decreases with increasing ion bombardment
energy. This, along with the decay rate of oscillations at higher
angles, indicates an interfacial roughness decrease at VDC =−240 V
and is consistent with sputtering phenomena. Finally, a lower

FIG. 5. XRR measurements of an ∼10 nm Ta2O5 PEALD deposited at 100 °C
as a function of time-averaged substrate bias voltage VDC: (a) full scan and
(b) zoom on the critical angle region.

FIG. 6. WER of Ta2O5 thin films deposited by PEALD at 100 °C and etched in
5% HF as a function of (a) substrate stage temperature and (b) Ta2O5 thin film
density. The dashed lines represent a visual guide.
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oscillation frequency is also consistent with a GPC decrease upon
increasing ionic bombardment energy.

The benefits induced by ion bombardment on PEALD mate-
rial density can also be evidenced from WER measurements in 5%

HF (Fig. 6). As expected, the WER is inversely proportional to the

deposition temperature when no substrate bias is applied. However,

a significant decrease in the WER can be observed when a substrate

bias is applied, especially at T≈ 100 °C in agreement with improved

thin film density under ion bombardment [Fig. 6(a)]. Figure 6(b)

further confirms that the WER decreases with thin film density,

regardless of growth conditions (T, VDC).

B. Proof-of-concept of top and bottom TSD on 3D
substrates

The proof-of-concept for low temperature TSD elaboration is
performed with PEALD process parameters leading to the largest
change in thin film density under applied substrate bias as
compared to the no-bias density value. This corresponds to
VDC = −140 V at 100 °C. Due to the directionality of the ion flux
perpendicular to the substrate, the thin film deposited on
horizontal surfaces is expected to exhibit physical properties
(density and WER) similar to that of Ta2O5 thin films grown
under −140 V applied bias, whereas 3D sidewall coatings should

FIG. 7. (a) Fabrication schematic of bottom and top only deposits by ion bombardment assisted PEALD followed by a wet etching step in 5% HF. (b) SEM image of 3D
trenches with AR = 14. (c)–(e) Detailed SEM images of ∼100 nm Ta2O5 thin film: as grown (left) and after postgrowth wet etching (right) in the top, middle, and bottom
regions of the 3D trench. Note the densified thin film on exposed surfaces of the scalloping pattern [(c), right].
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lead to a low Ta2O5 density and a large WER, similar to that of a
thin film grown without any applied substrate bias. Figure 7
shows the TSD fabrication sequence for both as grown- and
HF-etched 3D trenches. SEM images of the top, mid-height of
sidewall, and bottom regions of the 3D trench are also shown in
Figs. 7(c)–7(e), respectively. It can be observed that only top and
bottom deposits are present after HF etching, although their
thickness has decreased by a factor of 18% and 24%, respectively,
as compared to as-grown thicknesses. Top-versus-bottom confor-
mity is also observed to level off after etching. These two observa-
tions can be taken as an indication that the ion flux and incident
ion kinetic energy are gradually lost within the depth of the 3D
trench, which most likely results in lower thickness and density of
the thin film in the bottom mesas. Moreover, no deposit is
observed on sidewalls of the 3D trench, thus confirming a suc-
cessful TSD fabrication methodology. Interestingly, the scalloping
resulting from the Bosch process for 3D trench fabrication reveals
a densified deposit on exposed sidewall surfaces but no deposit at
all on shadowed surfaces.

Finally, the very same TSD process was carried out to illustrate
the shadowing effect in the 3D trench. For this purpose, the 3D
trenched substrate with Aspect Ratio (AR) = 5.4 was tilted at 20°
angle on the chuck [Fig. 8(a)], before a≈ 100 nm Ta2O5 thin film
was deposited at VDC =−140 V. Electrical contact between the sub-
strate and the chuck was secured by a dedicated aluminum holder.
Figure 8(a) presents the expected TSD fabrication outcome, where
the densified deposit is kept only on surfaces exposed to ion bom-
bardment, after etching in diluted HF. Such exotic TSD could be of
interest in future advanced nanoelectronic devices.5,36 Figures 8(b)–
8(d) show that this expectation is successfully fulfilled: a thin film
is observed on the top horizontal surface of the 3D trench. When
going in the depth of the trench, the film gradually transforms into
Ta2O5 grains on sidewalls all the way down to the point where the
shadowing effect prevails. Neither vertical nor horizontal deposit
beyond this point of the 3D trench is observed [Figs. 8(c)–8(f ),
respectively]. This proof-of-concept opens up new possibilities for
deposition reactor or substrate stage design, similar to concepts
already used in ion beam milling machines.

FIG. 8. (a) Schematic of the impact of ion flux on deposits in tilted and biased 3D substrates during PEALD. (b) Scanning electron microscope image of 3D trenches with
AR = 5.4 and detailed images after postgrowth wet etching in 5% HF from different regions: (c) top, (d) sidewall, (e) bottom sidewall, and (f ) bottom of 3D trench.
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C. Outlook for selective deposition processes by
combining out-of-ALD-window deposition and ion
bombardment

As shown in the proof-of-concept on 3D substrates, a low pro-
cessing temperature (probably below the ALD plateau) can be com-
pensated by the extra energy provided by an ionic bombardment,
whereby phenomena such as surface activation, diffusion, sputter-
ing, and/or implantation can be enhanced. In an ICP PEALD
reactor configuration, the energetic ion flux is anisotropic and is
driven by the electric field across the plasma sheath so that it only

affects horizontal top and bottom surfaces of 3D structures.
Because of this inherent anisotropy and encouraged by the results
presented in this paper, several strategies for TSD fabrication can
be envisaged outside the ALD temperature plateau (hence the
name out-of-ALD-window TSD) and are illustrated in Figs. 9–12.
The explanation of ALD growth regime shown in Fig. 1 in Sec. I is
the basis of the following reasoning.

1. First TSD strategy: Top and bottom deposition with
a postdeposition etching step

As illustrated in Fig. 9, two configurations are considered
starting points: (i) deposition in regime A with a low GPC, at a
temperature below the ALD window [Fig. 9(a)], and (ii) deposition
in regime C with a high GPC, at a temperature beyond the ALD
temperature window. In the first case, ion bombardment induces
an increase in the GPC thanks to the additional energy provided to
the surface and shifts the growth mode from the incomplete reac-
tion regime A to the ALD plateau regime. In the second case, the
process is shifted by ionic bombardment from the ALD plateau
regime to the decomposition regime C at much lower temperatures
[Fig. 9(b)].

Consequently, the deposited thickness in 3D structures should
be larger on horizontal surfaces than on vertical sidewalls. Thus, a
dry or wet etching step (not necessarily selective) can be used to
completely remove the material thickness on vertical sidewalls,

FIG. 9. Schematic illustrating the impact of ion bombardment for processes
carried outside the ALD temperature window: (a) regime A: incomplete reaction;
(b) regime C: precursor decomposition. (c) Schematic of horizontal TSD strategy
with a postdeposition etching step.

FIG. 10. (a) Schematic illustrating the impact of ion bombardment in a process
carried out in regime A: incomplete reaction. (b) The resulting direct TSD strat-
egy in 3D structures.
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while simultaneously maintaining a film only on horizontal surfa-
ces [Fig. 9(c)].

2. Second TSD strategy: Top and bottom deposition
without any additional etching step

In the most incomplete reaction regime, no film growth is
observed if no precursor chemisorbs or physisorbs on the substrate
surface. In this case, ion bombardment assistance can initiate thin
film growth only on exposed horizontal surfaces,37 and a direct
TSD without any additional postgrowth etching step can be readily
achieved [Fig. 10(b)].

3. Third TSD strategy: Sidewall deposition with an
additional etching step

As illustrated in Fig. 11, two new configurations are now
considered starting points: (i) deposition in regime B with a large
GPC at a temperature below the ALD window [Fig. 11(a)] and (ii)
deposition in regime D a low GPC at a temperature above the ALD
temperature window [Fig. 11(b)]. In the first case, ion bombard-
ment during the process gives a GPC decrease thanks to the addi-
tional surface energy input and expands the lower end of the ALD
temperature window to lower temperatures. In the second case, ion
bombardment during the process shifts the growth regime from the
ALD regime to the desorption regime D.

Subsequently, the deposited thickness in 3D structures is
larger on vertical surfaces than on horizontal ones exposed to ion
bombardment. Thus, a dry or wet etching step (not necessarily
selective) can be used to completely remove the material thickness
on horizontal surfaces, while simultaneously maintaining a film
only on vertical sidewalls [Fig. 11(c)].

4. Fourth TSD strategy: Vertical deposition without any
additional etching step

Like the second strategy, a process at the limit of the desorp-
tion regime D assisted by ion bombardment can lead to a direct
selective deposition on vertical surfaces without any additional
postdeposition etching step (Fig. 12).

FIG. 11. Schematic illustrating the impact of ion bombardment for the process
carried out outside the ALD window: (a) regime B: condensation; (b) regime D:
desorption. (c) Schematic of vertical TSD strategy with a postdeposition etching step.

FIG. 12. (a) Schematic illustrating the impact of ion bombardment on the
process carried out in regime D: desorption. (b) Subsequent direct TSD strategy
in 3D structures.
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To sum up on the impact of ion bombardment during the
PEALD growth, it is clear that exposure to an energetic ion flux
during thin film growth can contribute to locally modify the thin
film GPC and density independent of the selected ALD window
regime. This specific ion bombardment property provides a route
toward TSD in pillared or trenched 3D patterns since thin film
materials can be deposited with physical properties depending on
substrate orientation with respect to the incident ion bombardment
flux. To complete this TSD route, a postdeposition wet etching step
carried out in diluted HF can be necessary to either selectively
remove the least dense thin film material or to nonselectively
remove the thinnest coating on dedicated surfaces, leaving some of
the thickest deposit on surfaces of different orientations.

IV. SUMMARY AND CONCLUSIONS

In this work, we have shown that ion bombardment assistance
during PEALD can enlarge the growth regime (alike ALD window
plateau) to lower temperature values and can lead to significant
improvements of material properties. Based on this observation, we
have developed a successful TSD process with coating only on the
top and bottom surfaces of 3D trenches. This TSD process consists
in a standard PEALD process combined with a medium energy
substrate bias applied during the plasma step. The PEALD process
is then followed by a subsequent wet etching step in diluted hydro-
fluoric acid. This successful TSD process relies on the anisotropic
character of an ion bombardment step, which increases the thin
film density only on top and bottom horizontal 3D trenched surfa-
ces, while vertical sidewalls unexposed to the ion flux are coated
with a poor density material, due to processing temperatures
beyond the ALD temperature window. A proof-of-concept for such
a TSD process route has been provided for Ta2O5 thin films. This
concept can most likely be extended to various precursor chemis-
tries for oxide or nitride selective deposition by PEALD. This TSD
strategy opens up new pathways for innovative TSD elaboration on
temperature-sensitive substrates with high AR 3D features.
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