Unconventional bottom-up approach to
nanofabrication of functional materials

Massimiliano Cavallini

M. Facchini, C. Albonetti, E. Bystrenova and F. Biscarini

Institute for the Study of Nanostructured Materials

‘ Bologna (ISMN)
r Nanotechnology of Multifunctional Materials Research Division

LITHO2006

Marseille (F), June 26", 2006

LITHO2006 *m.cavallini@bo.ismn.cnr.it



Nanotechnology of Q
ISMN-Bologna Contest of work i )

@ EU-Integrated Project NMP4-CT-2004-500355 “NAIMO”.
namo  Coordinator: Yves Gertz, Univerite Libre Belgique

Co-workers

Roberto Lazzaroni, Philippe Leclére, Mathieu Surin,
Université de Mons-Hainaut, Service de Chimie des Matériaux Nouveaux,
(Belgium)

Dag Werner Breiby, Martin M. Nielsen, Jens Wenzel Andreasen,
The Danish Polymer Centre, Ris@ National Laboratory Frederiksborgvej
(Denmark)

Klaus Mullen, Andrew C. Grimsdale, Prashant Sonar
Max-Planck-Institut flir Polymerforschung, Mainz (Germany).

Jaume Veciana, Daniel Ruiz, Conceptio Rovira
CSIC-ICMAB Barcellona (Spain)
LITHO2006



Nanotechnology of

ISMN-Bologna Motivations and Aims ~ *zimisee: @)

‘Nanotechnologies are not just a matter of downscaling: instead,
they provide overall flexibility and control on material response.

‘The growth method determines the properties of organic thin
films of functional materials.

‘Long-range molecular order and a limited nucleation density of
domain in organic thin films can lead to increase the charge mobility.

Aim
‘Improvements of some physical properties of functional materials
thin film (ex. charge mobility) by controlling the nanostructuration.

Strategy

The simplest strategy to achieve these results is to exploit the
self-organizing properties of materials by stamp assisted
deposition (Bottom-Up approach).
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Organic Semiconductors Blo—quI‘ecqﬁlﬂes

Fe (Phen),SCN,
Mn;,0,,(0,CC,Hg)15(H,0),
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* EU Patent PCT: EP03/10242 16/9/2003 and
M.Cavallini, F.Biscarini Nano Letters 3, 1269 (2003).
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The features generated by dewetting can
have complex distribution but often they are
NOT randomly distributed!

2D height-height
correlation function g(r)
(radial distribution)

Length (um)

Z scale: 25 nm
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LCW works at large area (mm?) itz ()
..... by dewetting

Stamp

50 nm

Diam. # 200 nm
H % 40 nm
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*M.Cavallini et al. Nano Letters 3, 1527 (2003))



Nanotechnology of

ISMN-Bologna Traditional growth vs. LCW " e @

The nature of the substrate strongly

influence the morphology of thin film o )AL
(layered growth vs. droplets) \ - Hl

160 nm |

0 nm

Thin film does not work in FET!

Thick films (>250 nm) FET works

1=1.4x10-cm2/Vs
LITH02006 FEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESR *M.CavalliniNanoLetterS5,2422(2005)
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Optical micrographs of a thin deposit of nanostructured F-T3-F on a SiO,
Stripes thicker than 25 nm (pich> 1um) are visible by optical microscope. These
aligned stripes are made of crystallites of F-T3-F which are birefringent under

crossed polars.

Mean size of domains:

Under natural light 6.1x1.0 ym

-]

LITHO2006 60x90 pm?
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diffraction of the stripes

Sharply defined reflection was
observed at Q=151 A, along the
direction of F-T3-F stripes.

Intensity (a.u.)

Q scan along the stripes
direction, inset displays the in-

plane rocking scan at Q=151 A-L, . : .
®=0 corresponds to the crystalline and highly oriented,

direction of the stripes. the T1-stacking direction being
along the stripes.

F-T3-F stripes results
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Micromolding in capillaries™

Micro-cavity
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Lithographically Controlled Wetting**

Timing using DMF solution:
Steps 1—4: <5 s
Steps 4—6: ~12 hrs

*M.Cavallini Nano Letters S, 2422 (2005)
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30 20 -0 0 10
Source J— Vg(V)

FET based on nanostripes work!
1=0.5x10"4cm2/Vs

Vacuum sublimated films (>250 nm) FET
mobility

1=1.4x10-°cm?2/Vs

Drain

LITHO2006 *M.Cavallini Nano Letters S, 2422 (2005)
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LCW exploits spontaneous properties of materials.

It allows the fabrication of layered nanostripes or
nanopattern of functional materials.

It can induce oriented crystallization of
nanostructures at large area.

+ The FET based on nanostripes works!

LITHO2006

FETs based on nanostripes exhibit charge mobility
(measured along hano stripes) two orders of
magnitude larger than vacuum-sublimed thin films.
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