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Report: The directed self-assembly of polystyrémpolymethylmethacrylate (PSPMMA) block
copolymers (BCPs) is a potential approach to shthekdimension of contact holes and multiply tiaenber

of contacts. In-depth structural characterizationijthe guiding pattern (a 2D square lattice of cylioar
holes),ii) the cylindrical morphology BCP self-assembleddedihe guiding pattern andi) the final contact
hole after transfer in a hard mask is crucial fadede the contact shrink (CS) process. For @zarg incidence
small angle x-ray scattering measurements werepeeld on the CRG-BMO02 beamline using a photon gnerg
of 11keV. The probed samples of 20x7fmsize are composed of four juxtaposed areas (5XJmwith
different hole pitchs (successively 500, 120, 188 @50nm). The samples were positioned on a Kappa
goniometer at a distance of 3080mm from a XPAD 2t2Ipdetector (960x560 pixels, 130mm pixel size).
Accurate alignment of the [10] direction of theuate lattice with respect to the direct beam wasedo
GISAXS patterns were thus recorded for a seriesaoiples representative of the main steps of ther@&ss
with the 4 different pitchs. By way of examplesy.RL shows the GISAXS images obtained for a ihgiading
pattern (120 nm pitch and 52nm hole diameter) aftdr direct self assembling of BCP (intrinsicipd of
35nm) and PMI A removal, together with the corresponding SEM iegmgrhe sample cross-sections of these
two samples are depicted in Fig.2 a and d, resbet

pitch=1
o Figure 1: (a,b) SEM and GISAXS image
for the guiding pattern, at a low incidenc
angle (i=0.115deg) the oscillations of the
hole form factors expected along the 1
Bragg rod are blurred by enhance
waveguiding interference effects leading
high frequency beats (in red ellipse). (c,t
SEM and GISAXS image after self
assembling of BCP in guiding holes an
PMMA removal, for ai==0.22deg, the
modulations (in red ellipse) observed alor
the rods below the intense dots (interse
between the rods and Ewald sphere) ¢
characteristic of the hole depth and con
from grazing incidence transmission sme
angle x-ray scattering (GTSAXS) effects
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Such GISAXS images reveal complex peculiar featur@ghich the signature of the hole form factoradag
straightforward and in particular information abthu hole diameter is really difficult to solve cioethe
contribution of the perfect 2D square guiding artdgwever, from the intensity profiles drawn aldhg 10

rod (¢ direction), some information about the differembedded stacked layers in the CS process can be
extracted. Figure 2 shows such profiles for aesesf samples (pitch:120nm) corresponding to thie ma
stages of the process.

Intensity profile along 10 rod
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Figure 2: Intensity profiles along the 10 rod egteal from GISAXS images recorded for an incidenuglea
of 0.22° , i.e. slightly smaller than the criti@adgle of TiN (0.24°) but larger than those of other
layers:SIARC (0.15°), SOC (0.13°), LTO and Si (40)1 In inset, schematic cross-sections of therlaye
stacking around the different holes. The blue anrmicates theYoneda peak of the TiN layer.

In presence of the SIARC uppermost top layer, GXSAs enhanced and leads to the regular oscillation
between 0.15 and 0.25nmatemming from the total thickness of the two udpgers (170nm). From a to e
profiles, the features observed on the plateaurbéfe Yoneda peak of TiN correspond to exit angleish
are equal to the values of the incident angleshitiwresonance-enhanced x-ray scattering ot.cidsyond
the Yoneda peak of TiN, slow oscillations charaeteg the 20nm-thick TiN layer are only observadd it
is also true in the GISAXS patterns measured wit®.26°. Simulations performed using the ISGISAXS
softwaré have corroborated the absence of the interfereimgges stemming from the the form factor of
170nm-deep holes for incidence angles up to 0.241t using larger incidence angles, a signatutbef
cylinder form factor along the Bragg rods shoutdréached.

Further GISAXS experiments are already plannecetéopm measurements under incidence angles at least
up to twice the critical angle of TiN.
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