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Directed Self-Assembly (DSA) of Block Copolymers (BCP) is one of the most promising
patterning solutions for sub-10 nm nodes. While significant achievements have been demonstrated
in pattern fidelity for various applications (contact shrink, line patterning), some challenges still
need to be overcome especially regarding the defect density reduction, in order to ensure DSA
insertion in high-volume manufacturing. In particular, in the case of the graphoepitaxy approach,
a remaining challenge is to solve the pattern-densities-related defect issue due to BCP film
thickness variation inside the guiding template. In order to address this issue, a new DSA process
flow called “DSA planarization” is employed for contact-hole patterning, and consists in
overfilling the guiding pattern cavities with a thick BCP film, followed by a plasma etch-back step.
This new approach ensures a uniform control of the final thickness of the BCP inside guiding
cavities of different densities, as demonstrated herein by AFM measurement. Thus, defect-free
isolated and dense patterns for both contact shrink and multiplication is simultaneously resolved.

Furthermore, the simulation results of BCP self-assembly overfilling the templates demonstrate



that BCP domains are well directed in vertical cylinders ordering inside guiding cavities, which

confirms the experimental results and the viability of this approach.

1. Introduction
For the sub-10nm technology nodes, the semiconductor industry is facing the limits of
conventional lithography to achieve narrow dimensions. Among different emerging patterning
techniques, Directed Self-Assembly (DSA) of Block Copolymers (BCP) is still one of the most
promising solutions due to its simplicity, its cost-effectiveness and its capability to generate high
density patterns with different shapes (contact, line and space).!] Moreover, several
demonstrations of DSA have already been proposed in literature for advanced devices patterning,
such as FinFet-like transistor with a 40nm fin pitch!® 3 or contact/via patterning in 22 nm SRAM
devices.! 71 In order to control domain registration, there are two main approaches for DSA:
chemoepitaxy and graphoepitaxy. While chemoepitaxy directs the BCP self-assembly by locally
changing the surface properties of the substrate to create chemical guiding patterns or pre-

[8,9

patterns,'® ° graphoepitaxy relies on directing the self-assembly of BCPs inside topographical

t.[1%- 111 The latter approach, which is extensively used for

guiding patterns by physical confinemen
contact hole patterning, has shown a major issue concerning the defectivity level dependence on
the guiding pattern density.['> 131 This issue presents a serious concern for DSA integration as
different densities can exist in an interconnect level of an IC circuit.'>!* Indeed, in the
graphoepitaxy approach, the guiding patterns are filled by the BCP film which is deposited by
spin-coating. Several authors including ourselves have observed a BCP thickness variation

2Bl resulting in a locally thicker film

depending on the guiding patterns dimension and density
for isolated patterns and matrix edges, and in a thinner polymer film on the top of dense features.

Hence, the BCP thickness variation occurring on the same processed wafer would lead to



defectivity issues after BCP self-assembly and therefore would induce missing contacts after BCP

pattern transfer by plasma etching.

In the literature, some solutions were investigated in order to overcome the DSA process
dependence on the templates density. For instance, retentions cavities, judiciously sized and placed
in a given layout, could be a way to improve the filling uniformity of BCP inside guiding
patterns.['® The retentions cavities (also called “assist features”) printed on the wafer should have
a targeted opening area to absorb the BCP material in excess around a low-density pre-pattern. In
addition, they should be printed at low dimension, not commensurable with the BCP chain length,
and thus avoiding the formation of unwanted DSA holes. H. Yi e al.!'” and J. Bekaert et al. ['®!
have recently reported first experimental demonstrations of this approach. Their work showed that
the influence of pre-pattern density on DSA defectivity could be solved using printed sub-DSA-
resolution assist features (SDRAF) in the graphoepitaxy process. However, such aggressive
retention cavities (Critical Dimension < 40nm) will exhibit a very narrow process window when
generated by conventional i-193nm lithography. The use of 1-193nm lithography beyond its
conventional limits could lead to important process variation and thus randomly generate
unwanted pre-patterns contacts. Furthermore, this approach will add more complexity to the final

design layout.

In this paper, in order to balance the BCP film thickness over template density, we propose a new
and simple graphoepitaxy process flow called “DSA planarization” for contact hole patterning.
The DSA planarization process enables to make the BCP film thickness uniform inside the cavities
regardless of their densities, by means of appropriate BCP spin-coating and subsequent etch-back
step. 192! In this work, simulations of BCP self-assembly overfilling the guiding patterns are

performed in order to understand and predict the behavior of BCP self-assembly during the DSA



planarization process, i.e. when the BCP film overfills the guiding patterns. Then, we
experimentally demonstrate that the “DSA planarization” approach allows the enhancement of
DSA performances, more precisely by removing the defectivity related to pre-pattern density
variation. For this purpose, the Hole Open Yield (HOY) of contact-hole patterns is measured using
top-view SEM inspection. In parallel, the BCP film thickness inside templates is monitored using

AFM.

2. Results and Discussion
In this work, we have investigated the impact of guiding patterns density on DSA graphoepitaxy
approach, where the BCP film is deposited by spin-coating onto a patterned wafer. The filling of
pattern templates during the spin-coating of a polymer film depends on the spin-coating
conditions and also on the pattern opening rate on the wafer.?> 23] Consequently, for a given BCP
spin-coating condition, it is expected to obtain different BCP filling of the templates depending
on their densities in a standard graphoepitaxy approach (figure 1. (a)). Indeed, more material is
needed to locally fill a dense pattern area compared to a sparse pattern area, which results in the
underfilling of dense patterns and overfilling of isolated patterns patterns, respectively. This

pattern density effect has been observed experimentally in previous works.[!214]

Overcoming the density dependence issue of DSA graphoepitaxy process involves filling all
guiding patterns of different densities with the same BCP thickness. To achieve this goal, we
propose the process flow called “DSA planarization” which enables to planarize the patterned
surface with the BCP film by means of appropriate BCP spin-coating and etch-back steps as
depicted in figure 1. (b). First, the BCP film is spin-coated onto the wafer with high film thickness
in order to overfill the cavities of all guiding patterns of different opening densities and to get a

surface as flat as possible. Afterwards, the BCP is self-assembled by thermal annealing. The



annealing temperature is optimized depending on the thickness of BCP film deposited onto the
wafer. Here, a PS-b-PMMA BCP system with a cylindrical morphology and a natural period (Lo)
of 35 nm has been used in order to shrink the contact-holes pattern. After the BCP self-assembly
step, the PMMA cylinders are expected to be in a vertical ordering in the depth of the BCP film
inside the guiding pattern cavities, due to the physical confinement and the surface affinity of the
guiding patterns. However, at the top-surface of the wafer, i.e. outside the guiding patterns
cavities, the BCP film is not physically constrained by the guiding patterns, which could generate
in-plane PMMA cylinders that need to be removed. Hence, a plasma etch-back step is performed
with Oz-based chemistry in order to keep only the BCP inside the guiding patterns cavities. For
better etching control, an inorganic sublayer (SIARC in our case) is used to act as an etch-stop
layer during the etch-back step. This permits to detect the etching end of BCP in excess outside
the pre-patterns cavities. It is important to note that the self-assembly annealing should be
performed just after the BCP spin-coating and before the plasma etch-back step. Indeed, the
ultraviolet radiation during plasma etch-back processing may induce the damage of the PS and
PMMA blocks (via chain scission and covalent bonds cleavage)®* %! which prevents the self-

assembly of BCP to take place when subsequent thermal annealing is carried out.

The planarization of topographical substrate by spin-coating is already known and widely used in

(22231 byt it has never been performed with a BCP film that is able to generate

microelectronics,
self-aligned nanodomains. The challenge of the DSA planarization process flow is to control the
BCP thickness homogeneity on the wafer regardless of the guiding template size and densities and,

at the same time, to ensure an efficient and defect-less self-assembly of the BCP film for contact-

hole patterning.



Next, three-dimensional (3D) simulations have been performed in order to understand and predict
the behavior of BCP self-assembly during the DSA planarization process, i.e. when the BCP film
overfills the guiding patterns. The purpose of the simulation is also to determine if there are any
interactions between the nanodomains formed outside and inside the cavities, and if so to quantify

the interaction length.

Herein, a PS->-PMMA BCP with an intrinsic period (Lo) of 35 nm was used for the simulation.
The simulated guiding patterns were defined with a Critical Dimension (CD) of 65 nm, a neutral
affinity at the bottom of pre-patterns, a PMMA affinity on the pre-patterns sidewalls and the top-
surface, in order to correspond to our experimental conditions. The BCP self-assembly model is
based on a phase-field method, more precisely using a Cahn-Hilliard equation with Ohta-Kawasaki
energy functional.®! To mimic the high BCP thickness over the guiding patterns cavities, a BCP
bulk of variable thickness was added to the simulation domain on the top of the cavity. To scale
the equation’s parameters to experimental data, we used scaling laws derived by Choksi.?”-2%! The
segregation strength (yN) was fixed to 20 according to BCP’s properties and the iterations was
stopped when the system reached equilibrium. Figure 2 reports the simulation results of BCP self-
assembly as a function of the BCP over-thickness height referred as T. For the whole range of T
between 0 up to 1,75Lo, we observe that the PMMA cylinder stays perfectly straight inside the
guiding pattern cavity, even if additional in-plane cylinders are formed in the upper part of BCP
film outside the cavity. This result is explained by the fact that the BCP film outside the pre-
patterns cavities is not constrained and reacts as it was deposited on free-surface wafer (i.e without
guiding patterns); whereas in the depth of the BCP film, the guiding patterns force the BCP’s self-
assembly to be in vertical cylinder ordering. The simulation results also suggest that depending on

BCP over-thickness height (T) the top of the vertical PMMA cylinder is not always reaching the



top of the guiding cavity. Indeed, the number of in-plane cylinder layers is increasing with the film
thickness and depending on the commensurability of BCP over-thickness height (T) with Lo.
Moreover, this morphology on the top is pushing more or less the in-depth vertical cylinder inside
the cavity. For instance, for a BCP over-thickness equal to 0.5*L, a semi sphere is formed on top
of the cavity and prevents the in-depth vertical cylinder from reaching the top of cavity. However,
for a BCP over-thickness equal to 1.25*Ly, the in-depth vertical cylinder reaches the top of the
cavity without being impacted by the in-plane cylinders formed above. According to our
simulation, the distance (d) between the top of the cavity and the top of vertical PMMA cylinder

i1s 17 nm at maximum, i.e. Lo/2.

These simulation results are very encouraging for the use of DSA planarization approach as they
predict that BCP is well directed in vertical cylinder ordering inside guiding patterns. The in-plane
PMMA cylinders predicted on the top-surface are considered as defects for contact-hole

application, but this can be overcome using an etch-back step.

Moreover, these simulation results are consistent with the experimental observation as reported in
figure 3. Indeed, the cross-sectional SEM image of a 200nm-thick BCP film overfilling the
guiding patterns after the BCP’s self-assembly step (figure 3. (b)) shows a multi-layer of horizontal
cylinders with a hexagonal mesh ordering above the guiding pattern cavity (area Ag). The SEM
image confirms that BCP follows an “in-plane” ordering and behaves as it was self-assembled on
a free-surface (i.e. without guiding patterns). By examining the area A (inside the cavities), we
can observe vertical holes, which confirm the simulation predictions. Nevertheless, due to the low
contrast between the PS and the PMMA phase during SEM observation, it is difficult to verify if
there is an unstable BCP ordering at the beginning of the cavity (area Ap). It is not possible to

measure experimentally the distance between the last horizontal cylinder from the upper BCP layer



and the vertical cylinder that begins inside the cavity. According to our simulation results, this

distance (d) is limited to 17 nm at the most.

As horizontal cylinders induce defects for contact-hole applications, a well-controlled etch-back
step is mandatory to reach the in-depth vertical cylinder with precision. For this purpose, the etch-
back step was monitored using an Optical Emission Spectroscopy (OES) system installed on the
etching chamber. The OES technique permits to follow the evolution of the light emitted by the
excited species produced during the plasma etching, in the UV/Visible (200nm-850nm) range.*"!
The most significant by-products involved in the plasma etching of the BCP film with Oz-based
chemistry are derived from carbon, hydrogen and oxygen atoms. Herein, the wavelengths,
corresponding to the emission of CO species (A= 483 nm), H species (A= 656 nm) and OH species
(A= 309 nm) were used to monitor the etch-back step (figure 4). The drastic decrease of these
wavelength signals corresponds to the end of the upper BCP layer etching and it shows that the
inorganic etch-stop layer at the top surface of the cavity is reached. From this point, the BCP film
inside the cavity will start to be etched. Thus, the etch-back process can be divided into two
regions: a main-etch (ME) region corresponding to the etching of the BCP film above the cavity,
and an over-etch (OE) region corresponding to the etching of the first 17 nm-BCP film at the
beginning of the cavity. An OE of 8 s was necessary to etch the first 17 nm-BCP film according
to the etch-rate of the O»-based plasma process. An automatic endpoint detection was performed

to switch properly from the ME to the OE step.

Besides, on the ME region shown in figure 4, one can observe a periodic oscillation of the
wavelengths intensity. These oscillations indicate a periodic variation of the OH, H and CO species
during plasma etching, which could correspond to the alternative etching of the PS and PMMA

phase above the cavity. Indeed, according to the SEM cross-section image in figure 3(b), the BCP



film above the cavity is composed of 7 layers of in-plane PMMA cylinders. This morphological
observation is consistent with the periodic oscillations composed of 7 pics. Moreover, the PMMA
phase is expected to release more OH and CO species than the PS during plasma etching, as
PMMA contains O atoms on its backbone unlike PS. For this reason, the 7 pics of the periodic
oscillations observed in the ME region were attributed to the etching of in-plane PMMA cylinders
layers. According to our experimental results, the 309 and 656 wavelengths give higher intensity
contrast between the PMMA and PS etching. These results on the OES signals suggest that the
etching of the upper BCP film may be performed and monitored layer by layer. Moreover, the
periodic oscillations inform us on how BCP is self-assembled in the upper layer. Thus, the OES

signals are also an indirect way to characterize the BCP self-assembly through the wafer.

Figure 4 shows the top-view SEM image taken at different etching times: before etching (to), after
ME step (t1), and after ME + OE steps (t2). The top-view SEM images corresponding to to show
in-plane PMMA cylinders on the wafer top surface, confirming the simulations results and cross-
sectional observations. After ME at t;, we can observe some missing holes on the top-view SEM
images, indicating that we did not reach the in-depth vertical cylinder of BCP film. This image
also suggests that there is an unstable BCP ordering varying from one cavity to another. Therefore,
the OE step is then mandatory to etch the non-desired BCP layer and reach the in-depth vertical
cylinders. The top-view SEM images taken after ME + OE steps corresponding to t2 in figure 4
confirm that the in-depth vertical ordering can be reached as no missing contacts are observed at

this step.

Herein, the etch-back steps were performed in an Inductive Coupled Plasma (ICP) etcher using the
same Oz-based etching process for both the ME and OE steps. The plasma conditions have been

optimized in order to conserve the pattern-hole dimension and enough remaining BCP thickness



for transfer into underlayers. In particular, the O> amount in the gas mixture was carefully adjusted
to minimize the isotropic component of the etching that could otherwise lead to an increase of hole
dimension. Moreover, a low etch-rate is recommended for better etching control, especially for the
OE step. Thus, the plasma etching steps were performed at a low input power and low RF bias for
respectively minimizing the etch-rate and not damaging the hole-patterns. As perspectives, it will
be interesting to study the possibility to use two different etching processes for the ME and OE
steps respectively. Indeed, the etching of the upper-BCP layer outside the cavity needs a low
PMMA/PS selectivity in order to etch the two phases at the same time. Different PS and PMMA
etch rates during the ME step could lead to the transfer of PS patterns coming from the BCP
overfilling above the cavity, which would generate a stacking of in-plane and vertical cylinders.
311 Such complex structures are not wanted for the contact-shrink and multiplication applications
presented in this paper. Therefore a low PMMA/PS selectivity (inferior to 2) is recommended for
the ME step. However, an isotropic etching has to be avoided or very limited during the OE step
in order to preserve the hole dimensions. A higher etching selectivity during the OE step may
guarantee better control of pattern-hole dimension, for example. Otherwise, different etching
strategies could be envisaged for the etch-back steps of DSA planarization process depending on
the targeted applications (contact or line/space) and the block copolymer system employed. Thus,
DSA planarization approach could directly be applied to high-chi BCP materials that are the next-

generation BCPs for DSA lithography.3% 3!

The simulations and experimental results have shown that DSA planarization process flow can
ensure a good self-assembly of the PS-b-PMMA BCP film inside the guiding patterns for contact-
hole patterning. In the following, the DSA performances between the standard and DSA

planarization process will be compared. Figure 5 shows the top-view SEM images of the resulting
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dense and isolated patterns after BCP coating taken on two different wafers processed with the
standard DSA process and the DSA planarization process, respectively. For the standard DSA
process, the guiding patterns shape are not visible on the top-view SEM images of the most isolated
guiding patterns; while the guiding patterns are still visible on the most dense patterns indicating
a thinner BCP film. As already specified before, the BCP thickness inside guides varies with
guiding pattern density. The same behavior is observed between the edge and the center of pattern
fields: the BCP thickness is larger at the edge of pattern fields. In opposite, in the case of DSA
planarization process, the guiding patterns are always visible regardless of the guiding pattern
density. These SEM observations suggest an important difference between the two processes on
how the guiding patterns are filled by the BCP. AFM measurements have been carried out at
different pre-pattern pitches in order to determine the BCP thickness inside the guiding cavities.
Figure 6 reports the percentage of guiding pattern filling by the BCP film determined by AFM
and the HOY (Hole Open Yield) as a function of the guiding pattern pitch for both the DSA
planarization process (in red) and the standard DSA process (in black). Without planarization, the
BCP film thickness increases when the pitch of guiding patterns increases. Indeed, according to
figure 6. (a), the BCP fills about 40% and 96% of the guiding cavity at 110 nm and 250 nm pitches,
respectively, which confirms the BCP thickness variation with guiding pattern density when using
the standard DSA graphoepitaxy process. Accordingly, the HOY (Hole Open Yield), defined as
the ratio of valid shrunk holes to total inspected holes,®* reaches 100% for the most dense patterns
but it drastically decreases down to zero when the guiding pattern pitch increases (figure 6. (b)).
On the other hand, using the planarization process, the remaining BCP film thickness inside the
cavity after etch-back is still constant over the pitch and thus the HOY is at 100% for all the guiding

pattern densities. We have experimentally measured by AFM that constant BCP filling and 100%
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HOY were achieved starting from a BCP over-thickness (T) of 120nm. These results highlight the
advantage of the planarization approach to overcome the issue of DSA density dependence. In
addition, the planarization process allows us to avoid the issue of non-uniform filling between the
center and the edge of the same pattern field, which was observed in the case of the standard DSA
process flow. Finally, promising results have been obtained on contact doubling as reported in
figure 5. These results indicate that the DSA planarization process can also be performed for

contact multiplication applications.

3. Conclusion

We have developed a new DSA process flow called “DSA planarization” for contact-hole
patterning by graphoepitaxy of PS-b-PMMA BCP. The process is based on guiding pattern
overfilling by BCP film followed by a dry etch-back step. This process allows overcoming the
issue of DSA defectivity dependence with pre-pattern density, previously encountered with the
standard DSA process and considered as a major limitation for the DSA integration in IC
manufacturing. Experimental results based on SEM imaging (top-view and cross-sectional) have
shown that a vertical PMMA cylinder is perfectly obtained along the guiding pattern cavity after
the BCP overfilling, whereas in-plane cylinders are observed at the top surface. Simulations based
on a phase-field model have confirmed this experimental result. An etch-back step was then needed
in order to reveal the buried BCP morphology and allow for the shrinkage of contacts. The etching
step has been optimized and monitored using standard OES to accurately reach the in-depth
vertical cylinder while keeping enough BCP thickness budget for subsequent etching transfer to
underlayers. We have demonstrated by AFM measurements and SEM inspection that a uniform
BCP thickness and 100% HOY can be achieved at different pre-pattern densities (from 100 nm

pitch up to 475 nm pitch) after the etch-back step. Thanks to the DSA planarization approach, a
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good control of the BCP thickness has been achieved on various pre-patterns densities (from dense
to isolated) and morphologies (from shrink to multiplication) on the same processed wafer, which
could prove very beneficial to the real integration case of IC devices. It is important to highlight

that this new approach is also compatible for line and space patterning by DSA.

4. Experimental Section

DSA Materials: Polystyrene-b-poly(methyl methacrylate) (PS-b-PMMA) di-block copolymers
with a respective weight ratio of 70:30 and a natural period (Lo) of 35 nm were used and referred
as C35. PS-b-PMMA block copolymer was synthesized using sequential anionic polymerization,
while random copolymers (PS-r-PMMA) containing different fractions of styrene and
methylmethacrylate were synthesized through controlled radical polymerization. PS-b-PMMA
and PS-r-PMMA were supplied by Arkema under the tradename Nanostrength EO® C35 and
Nanostrength EO® R respectively and used as received.

Process: The DSA process employed in this paper is based on the graphoepitaxy approach
using organic hard mask guiding patterns.[® 3 31 The guiding patterns were generated on 300 mm
substrate wafers using a standard tri-layer stack composed of a resist, Si-ARC (Si containing anti-
reflective coating) and SOC (spin on carbon). Various circular test structures with different
dimensions, pitches for contact-hole shrink applications were designed in the electron sensitive
resist by e-beam lithography on a VISTEC SB3054DW tool working at an accelerating voltage of
50kV and a current density of 20A/cm?2. Then the SIARC and the SOC layers were etched
subsequently by dry plasma processing in order to generate the organic guiding patterns cavities
with straight profiles. Afterwards, the PS-r-PMMA solution is spin-coated on the guiding
patterned wafers and then annealed at 250°C for 2 minutes to ensure the chemical grafting of a

thin neutral layer.*% The surface is rinsed in PGMEA to remove the un-grafted materials. PS-b-
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PMMA solutions is spin-coated on the top of the PS-r-PMMA grafted neutral layer (NL) and
annealed at 250°C to allow the self-assembly process to take place. The BCP film thickness was
finely controlled by tuning the spin-coating speed and the initial solution concentration. For the
DSA planarization process, the BCP over-thickness (T) on the top of cavity is set at 200 nm.
Afterwards, the BCP is self-assembled by thermal annealing. BCP film is annealed at 250° C for
a period of 2 min and 5 min for respectively standard and DSA planarization process. After BCP’s
self-assembly inside guiding patterns, PMMA domains are selectively removed by wet
development for the standard process while dry etch with Oz-based chemistry is performed for the
new DSA planarization process. All results presented in this work were obtained using the DSA
Leti’s 300mm pilot line. Coatings, bakes, PGMEA rinse and wet PMMA development were
carried out on the DSA dedicated SOKUDO DUO track. Dry etching was performed on 300mm
Inductive (ICP) Coupled Plasma Chambers from LAM VERSYS.

Characterization: Top-view and cross-sectional SEM images were obtained using Hitachi
HCG4000 CD-SEM and Hitachi S5000, respectively. Mean CD and CDU determination are based
on the analysis of top-view CD-SEM images taken on 300 mm wafers. The HOY, defined as the
ratio of valid shrunk holes to total holes, is also determined at each guiding pattern based on top-
view SEM images inspection. Measurements were done over 100 contacts per chip on 70 chips on
the wafer (~7000 total inspected contacts per pattern) using the methodology described in Ref. 34.
BCP film thickness inside contact-holes was determined via step height measurements using an
Insight3D AFM from Bruker.

Simulation: Phase field methodology has been chosen over other types of methods because of
its reduced computational cost. To simulate the process we must take into account the over-

thickness brought by planarization, and so the simulation domain size is quite large (>10E5 DOF).
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Atomistic, coarse grained models or self-Consistent Field Theory are not relevant as the
unnecessary level of precision induces huge computational cost. Papers from Wu & Dzenist®® 7]
and Bossel®®!  inspired the model’s equations. The equations solved are:
Z—T=A(¢3—¢—€2A<p)—0(<p—¢o) onQ

n.Vo = — cos 6 on 5Q

With parameters set to €=0.195, o=1, 6=mt/2 at bottom and 6=0 on walls, ¢0=-0.4. To scale the

geometry and parameters to experimental data we used scaling laws derived by Choksi?” 28! that

relate € and o to yN and Lo. Finally, these equations have been solved using the Finite Element
software Comsol.
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(a) Standard graphoepitaxy process flow
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(b) DSA planarization process flow
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Figure 1. Schematic representation of isolated and dense guiding patterns filling by BCP film when using (a) standard
graphoepitaxy and (b) DSA planarization process flows
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(a) 2D Side view as a function of BCP over-thickness (T)
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(b) 3D Side view at ' s 7
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T=1,25*L0 - top of guiding cavity
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Figure 2. (a) side view of the simulated guiding patterns as a function of the BCP overthickness (T). PMMA phase is
in red, PS phase in blue. (b) 3D cut-view of simulation, the PMMA phase is in red. Two different conformations are
emerging depending on the BCP over-thickness: for T=0,5*L,, a semi sphere is formed on top of the cavity “pushing”
the cylinder into the cavity, while for T=1,25*L, a torus is formed above the cavity without impacting the vertical
cylinder inside cavity that reaches the top
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Figure 3. (a) the two main
conformations of simulation results and
(b) SEM cross-section of guides
overfilled by BCP film t1, t2)

Figure 4. In-situ plasma monitoring using Optical Emission Spectrocopy:
656nm, 483nm and 309nm wavelength intensity as a function of etching time
(curves). And top-view SEM image (inset) taken at different etching time (to,
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Figure 5. Top-view SEM images of DSA patterns at different guiding prepattern densities for standard and DSA
planarization process flows. Contact-hole shrink and doubling can be performed on the same processed wafer when
using the DSA planarization process
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Figure 6. Guiding pattern filling (a) and Hole Open Yield (b) as a function of guiding pitch for standard (squares) and
new (round) process, i.e. with and without DSA planarization. When the guiding cavity was overfilled, the guiding

cavity filling was fixed at 100%.
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Uniform block copolymer (BCP) thickness over template density is achieved using a new and
simple graphoepitaxy process flow called “DSA planarization”. Simulations and SEM
characterizations of BCP self-assembly overfilling the guiding patterns confirm the viability of
this approach. Experimental results demonstrate the enhancement of DSA performances when
using the DSA planarization flow.

Keywords: Directed Self-Assembly (DSA), block copolymer, graphoepitaxy, pattern density,
planarization
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