Structural indexing and texture in films
by GISAXS

Zhang Jiang
zilang@aps.anl.gov

Advanced Photon Source
Argonne National Laboratory

i” U.S. DEPARTMENT OF
Y Y



Surface Science Reports 64 (2009} 255-380

- —
Contents lists available at ScienceDirect 15|

surface science
reports

Surface Science Reports

journal homepage: www.elsevier.com/locate/surfrep

Probing surface and interface morphology with Grazing Incidence Small Angle
X-Ray Scattering

Gilles Renaud **, Rémi Lazzari®, Frédéric Leroy
* Commissariat d 'Energie Atomique, Institut Nanosciences et Cryogénie, Service de Physique des Matériaux et Microstructures, Nanostructures et Rayonnement Synchrotron, 17
Avenue des Martyrs, F-38054 Grenoble, Cedex 9, France

® Instirut des NanoSciences de Paris, Université Pierre er Marie Curie (Paris 6), CNRS UMR 7 588, Campus Boucicaut, 140 Rue de Lourmel, 75015 Paris, France
 Centre Interdisciplinaire de Nanoscience de Marseille, CNES - UPR 3118, Campus de Luminy Case 913, 13288 Marseille Cedex 9, France



GISAXS from supported nano-objects
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GISAXS from buried structures in films
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Transmission and reflection channels
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Important for substrate supported 3D structure indexing!



Ewald sphere Construction y
= Diffraction occurs when Laue condition
is fulfilled et
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3D structure indexing in supported organized films

= Ewald sphere is defined in the lab frame; reciprocal space lattices are
conveniently defined in the sample frame. The two frames are related by
an incident angle dependent rotation matrix

Rly (a)=[Hcosa &0 &sina @0 &1 &0 @—sina &0 &cosa |

= Reciprocal lattice vector in the lab frame is obtained from the sample
frame through a rotation operation

(Glx,Gly ,Glz )=Rly G=Rly (hall T +kal2 T« +/
al3 ).

= Allowed diffractions-forlathicepointsontwald-spheresurface—
[Gllab —k|T2 —|k|T2 =(Gix—FR) T2 +GlyT2 +GIzT2 —kl[l2 <AGIT2

A& accounts for the finite size of Bragg peak in the reciprocal space
and any mosaicity of the domains.

= Wave vector transfer (gdx,qly,glz) is defined in the sample frame



3D structure indexing in supported organized films

Domains of surface supported structures often have a statistical orientation
distribution with respect to surface normal. Assume the orientation is
isotropic in the surface plane, which is often true for most self-assembled
structures; thus the reciprocal lattice points become a set of rings (2D

powers), dependent only on in-plane gd|| =Vgdx T2 +glyT2

Laue condition and the rotation operation of ¢ are given by

GIxT2 +GlyT2 + GlzT2 —qlll T2 +qlzT2 +qlzT (GIxT sina— GlzT cosa ):
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Softwares: NanoCell (Mathematica, Hillhouse at Washington U.), GIXSGUI
(Matlab, 81D/APS/ANL), and Byeongdu Lee (APS/ANL)’s code.
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3D structure indexing - example #1

[111]

o4 (degrees)

a;=a;=a, " | DWBA,
o, =o,=0,290° transmitted

Rhombohedral nanoporous silica thin film with R-3m
symmetry, a=114 A and a=87°

o4 (degrees)

[111] direction perpendicular to the silicon substrate ] ﬁ*& i

E=7.35 KeV, and incident angle is 0.23°

Born approximation does not work well when exit
angle is close to the critical angle.

Born approximation does not predict some peaks
which arises from the transmitted and reflected
scattering channels.
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M. Tate et al., JPCB 110, 9882 (2006)
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3D structure indexing - more examples

0 1.8° -12° -0. 06° 1.2° 1.8°
-1
qy (nm™)
Hexagonally closely packed (HCP) cylinders self- . .
assembled in PtBMA-PMMA block-copolymer films Double-gyroid porous film on FTO substrate
Y. Sun, et al., Macromolecules 44, 6525 (2011) V. Urade et al., Chem. Mater. 19, 768 (2007)



Textured films

= |n 2D powders, a well-aligned axis is perpendicular to the substrate
and rotational averaging with respect to the surface normal results
in a rotationally homogeneous scattering intensity.

= |n textured films, further ordering may exist, and structures may
show a preferential orientation with respect to the substrate.

= Textured appear more often in thin films of self-assembled organic
small molecules where fine crystallites form and exhibit varying
degrees of order and preferred orientation.

= For detailed formula, refer to Dag W. Breiby, et al., Simulating X-ray
diffraction of textured films, J. Appl. Cryst. (2008). 41, 262-271
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Textured films

Randomly
oriented crystals

Broad distribution of
crystal orientation

As spun cast
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J. Rivnay, et al., Chem. Rev. 112, 5488

(2012)
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Thin film gratings

Minhao Yan and Alain Gibaud,
J. Appl. Cryst. 40, 1051 (2007)
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Block copolymer thin film gratings on patterned

substrates
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