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Aujourd’hul
les matériaux (nanostructurés)
sont produits
a partir de (macro)molécules
Issues du

Peux-t-on les produire
a partir de (macro)molécules
Issues de la Biomasse ?

Polymeres Biosourcés ?
Carbohydrates ?

I. Manners et al
Angew. Chem. Int. Ed.
2012, 51,7898 - 7921




Les polymeres ou Copolymeres
Issus du

Systeme Classique
PS-PMMA

Peux-t-on les produire
a partir de la Biomasse ?

Copolymeres a base de Carbohydrates

NOUVELLE CLASSE -> MATERIAUX NANOSTRUCTURES
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AUTO-ASSEMBLAGE DE GLYCOPOLYMERES

Copolymeres a Blocs a base de Carbohydrates

“Philosophie” & Objectifs

Concevoir, avec une chimie respectueuse de I'environnement,

et par auto-assemblage de briques élementaires (glycopolyméres: copolyméres
biosourcés) des biomateriaux innovants a haute valeur ajoutée pour des
applications

+» Biomedicale, Cosmetique: GlycoNanoparticules N oy

+» Electronique Flexible (Nouvelle génération de nanolithography, Organique
photovoltaique, Bio-senseurs/Biocapteurs a haute sensibilité,...)




Les copolymeres : un domaine de recherche fascinant !

Approche nanotechnologique
Mateériaux avancés

Santée

Microélectronique

Gels

Nanoparticules

Mass Molaire Films Surfaces

Fraction volumique

Incompatibilité entre les blocs
Flexibilité , rigidité, Hélicité,...
Architecture : lineaire, cyclique, étoile, peigne,...
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Copolymeres a Blocs: Architectures a fagon!

(a) w (b)

Dibloc
Triblocs
Etoile
Peigne




De la chaine de copolymere a

la nanoparticule en milieu acqueux

Miscible l 1 :"‘_, -,_ Spheres

Nanoparticules

Matériaux

Santé
Microelectronique-
Optique
Photovoltaique

——> Parametre Important: L'incompatibilité entre les blocs



Pourquoi les Nanoparticles Biosourcées: intérét ?

Encapsulation
Hydrophilic polymer et relargage controle
Stability
Biocompatibility

Reactive group
(surface-functionalized objects)
(piloting functions)

several tens of nm (10-500 nm)

Adapted from Kataoka, K. et al. Adv. Drug Deliv. Rev. 2001, 47, (1), 113-131

Double Encapsulation




Des copolymeres a Blocs
aux films (surfaces) “intelligents™ nanostructurés

Films Minces

Nanolithographie
Microelectronique
Optique
Photovoltaique
Memoires aTransistors
Biosenseurs
Biocapteurs
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—> Parametre Important: L'incompatibilité entre les blocs




Les phases sont contrélées par la fraction volumique f,

cylinders Ain B matrix = T T . - - B in A matrix

spheres

lamellae

increasing f,

—~

spheres

cylinders

Different phases formed by self-assembly of coil-coil diblock copolymers in the bulk (when the intermolecular interaction is sufficiently
large) as a function of the volume fraction of one of the blocks (fA). Other phases have also been reported for diblocks, and the phase
diagrams of BCPs containing more than two blocks are considerably more complex. Switching out one or both coil blocks with a
conjugated block that adopts a semi-flexible or rigid rod structure will also qualitatively change this phase diagram.




Interét des
Films Minces

Dispositifs
Nanotechnologiques
Utilisant
Les Copolymeres
a Blocs

lon-conducting
membranes

Filtration membranes

Optical materials

BCP lithography
Nano-template

.............
..............
ooooooooooooooo
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I iti Semiconducting
- . membranes
809!'60

Patterned media
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Nanownre arrays
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After Hangiong Hu, Manesh Gopinadhant and Chinedum O. Osu_n in Soft Matter, 2014, 10, 3867-3889




APPLICATIONS
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Copolymeres
Biosourcés
FILMS MINCES




Synthese:
Chimie “ Click”

Carbohydrate BCP
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METHODES DE
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TRANSISTOR A
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Collaborations
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Coordinateur: R. Borsali ; Budget : 5.2 M€

(€ ¥eeNanoFilms

Plant-based n";"m Future applications
nano materials a e > enabled by the technology

frosirlonly ‘ - @Maﬁlms ' =

sugar-based self-assembled technical films antl-ree s anti-counterfeiting
block copolymer BCP thin-film for printed electronic & decorating
added-value

A films .
nano-patterned & photovoltalcs lighting & display smart paper
conductive CNC
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transparent next-generation . bio-membrane
CNF film nanolithography SERS bio-sensor

Bio-sourced
high




Synthese de
Copolymeres Biosources?
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[-cyclodextrine

Opening of B-CD

(I. Otsuka, S. Halila,
S.Fort & R. Borsali)

Commercialy available

-

polystyrene

Azide Fonction

« Click Chemistry »

Hybrid BlOCk/COpOIVrnerw

Rendement: 94 %




Films Minces

Solution de Copolymere Biosources
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“spin-coating”

Solvent et/ou micro-ondes




L’Etat de I’Art : Aujourd’hui

Schematic representation of pattern transfer
from supramolecular block copolymer thin films

SO0 nm 200 nm

C. Tang et al., Science 322, 429 -432 (2008)

N Science
by s limits: (Lp = 40 nm, Ls = 80 nm)




Pourquoi : Augmenter les performances

v'"Nanolithographie
v'Dispositifs Nano-electroniiques (OPV...)
v'Capacité de Stockage Importante

v'Biosenseurs a Haute sensibilité/résolution,...

Comment :
Augmenter l’incompatibilté entre les blocs: parametre xN

v'Copolymeéres Biosourceés (tres incompatible)
v'Faible masse (petite domain)

v'Haute résolution




Equipe Auto-assemblage de glycopolymeres

Au Au
(Source) (Drain)

Pentacene

Dielectric Layer
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. Fig. 3 Innovation CERMAV: Thin film 2. Fig. 4 Innovation CERMAV:
carbohydrate-based block Schematic configuration of OFET
copolymer with 5§ nm features memory device using MH-b-PS and
(scale bar: 20 nm). The highest MH(APy)-b-PS nano-organized thin
resolution ever reached to date films. (Advance Functional
(BREVT, BREV2, ACS Nano, Materials, 2014), Application:
Nanoscale, 2012)- Application: next Memory device (ACL?2)
generation Nanolithography
(ACLS0, ACL6S)

Ultra-high resolution (5 nm) nano-organized thin films made from the self-assembly of bio-based block copolymer systems -never attained
to date- for nano-electronic applications— Such innovation allowed the building up and coordination of the “Greenanofilms” FP7 European
project, attracted several industries (PCAS, DISASOLAR, OBDUCAT) and others under discussions (Toshiba, JSR, Solvay and Arkema).




S. Tallegas, R. Borsali et al

PS  PMMA En préparation—en 2017

* w F F\"IE(ICHF,)
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S00 nm

Figure 1. State-of-art: Thin film PS-PMMA block Figure 2. Innovation (CERMAV): Thin film carbohydrate-based

copolymer with 40nm features (scale bar: 500 nm) after block copolymer with 5§ nm features (scale bar: 20 nm) The
C. Tang et al., Science 322, 429 -432 (2008). highest resolution ever reached to date” (ACS Nano). AFM image.

“Conventional” y Carbohydrate-BCP “HIGH"” ¢

Cushen, J.; Otsuka I; Bates, C.; Halila, S.; Fort, S.; Rochas, C.; Easley, J.; Rausch, E.;Thio, A.; Borsali, R.; Willson, G.;
Ellison, C. Oligosaccharide/Silicon-Containing Block Copolymers with 5 nm Features for Lithographic Applications.
ACS Nano, 2012, 6(4) 3424-3433



Aujourd’hui
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Resolution Sub_10 nm!

Copolymeres Biosourcés

S N  MH-b-PS

:
-9
5|
1
-
.
4
.
{
3

Objectif: Demain
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DSA : “Directed Self-Assembly”
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Epitaxial

(@

IGraphoepitaxy

(¢

elf-Assembly

Lithographically pre-patterned
topographical features

AN -

Lithographically determined
dense chemical pre-pattern

2

Epitaxial self-assembled
BCP nanopatterns

Graphoepitaxially assembled

BCP nanopatterns

(b)

(d)

( 750 nm-
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Lamellar patterns

by epitaxial self-assembly
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Lamellar patterns
by graphoepitax

(a) Schematic illustration
of epitaxial self-
assembly exploiting
nanoscopic chemical
patterns to direct BCP
self-assembly

(b) SEM image showing
defect free lamellar
patterns attained by
epitaxial self-assembly

(c¢) (c) Schematic
llustration of
graphoepitaxy utilizing
topographic pattern to
direct BCP assembly

(d) SEM image showing
highly aligned lamellar
patterns prepared by
graphoepitaxy

From

Seong-Jun Jeong
etal

Materials Today
Volume 16,
Number 12
December 2013




LA LITHOGRAPHIE EN MICROELECTRONIQUE

Lithographie: Etape de fabrication des motifs sur une puce
- détermine la performance des microprocesseurs
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Impératifs et contraintes de la filiere CMOS:

= Forte capacité d’Intégration
= Haute résolution

= Control de 'alighement des domaines CMOS :”Complementary Metal Oxide Semiconductor”
» Faible défectvité C'est une technologie de fabrication de composants

, N Electroniques (circuits intégrés) a trés faible consommation.
= Faible colt

= Rapidité de production



Application 1 - DSA reeNanoFilms

Films Minces a base de Copolymeres Biosourcés:
Nanolithographie de nouvelle génération

Approche #1 Approche #2

Djamila Ouhab Lund Group

Doctorat Janvier, 2016 |. Maximov
PDMS-MH PS-MH



Film minces a base de Copolyméres Biosourcés CERMAV-CEA Leti, 2016, Phd D. Ouhab
Résolution: Sub_10nm BCP PDMS-Oligosaccharide Approche “DSA

D. Ouhab, S. Halila, R. Tiron & R. Borsali (en préparation)




Application 2 - OPV
I

Films Minces a base de Copolymeres Biosourcés:
Photovoltaique organique

Yoko Otsuka
Doctorat Janvier, 2017
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. Solar cell printing
bz Csem & performance
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Yingjie LIAO
(Post-Doc 2016)

Auto-assemblage Ultra-rapide du PS-b-MH par micro-ondes

MH, ,,-b-PS, < < 10 nm

LS

— Sample

m-‘g : Vertical cylinders
X t— Sealed vial :C Y Oitica

— Sample holder l I

1111
l' 11 !' I'
/4
Microwave
radiation

— Annealing

Disordered MH-5-PS ( AN
Solvent

Horizontal cylinders



A

" . ..c!“l- .L‘C

Y. Liao & R. Borsali (Submitted )

CYLINDRES
PERPENDICULAIRES
de Carbohydrates

De |'heure
a la
Seconde!
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Application 3: Mémoires a Transistors

Films Minces a base de Copolymeres Biosourcés:
Mémoires a Transistors

Collaboration (cadre ANR Internationale France-Taiwan 2016-2018)

Prof Wen-Chang CHEN
National Taiwan University,
Taipei, Taiwan

36



€ Synthetic polymer form petroleum € Organic memory THINFILM Smart electronics or labels

A la recherche de matériaux polymere Biosourcés: electronique de nouvelle géné}ation
- '{ -

degradation

OH

O
HO

HO OH

a-glucose
OH J

¢ Biomass (ex. cellulose) Collaboration with Prof. W.-C. Chen (NTU, Taiwan)
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ON State
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a e g Y.-C. Chiu; I. Otsuka; S. Halila; R. Borsali; W.-C. Chen
e .._. A\ “High-Performance Nonvolatile Transistor Memories of Pentacence Using the Green

) Electrets of Sugar-based Block Copolymers and Their Supramolecules”
Featured on issue back cover Adv. Funct. Mater. -2014, Article first published online: 1 APR 2014, DOI: 10.1002/adfm.
201304297
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high-performance nomvolatile orgamic field.

r‘ Utilizing sugar mater als as didlectrics toward
effect-transistor memory is demonstrated by R Borsali, W.-C. Chen, and co-workers on

page 6397, This not cnly reveals 3 promising future for green memory devices but also

builds the bridge between biomaterials, such as biostarch from the cellulose of straw, and

P B T i

¥ [y ¥ 4
m FIELD-EFFECT TRANSISTORS = .
. B (R o W AR

organic electronics

Featured on issue front Cover

Oligosaccharide Carbohydrate Dielectrics toward High Performance
Non-Volatile Transistor Memory Devices

Yu-cheng Chiu, Han-sheng Sun, Wen-ya Lee, Sami Halila,
Redouane Borsali,* And Wen-chang Chen*

Carbohydrates

(a) -
o Au T Au I o o
—Q0

Si0,(100 nm) ’

—0
OH OH
\_/\ N >0H
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“ H10
OH OH

.Maltohep‘tyaose (MH)

Si (Gate)

3nm

RMS: 0.168 nm




Dispositif de Transistors a mémoire étirable : Copolymere Biosourcé (MH-b-PI)
utilisé comme couche active

Carbohydrates

strain

MH, 5,-b-Pl; 5,

MHI.Zk'b'p|12.6k
v MH, ,,-b-PS, 5,
\

Conception of Stretchable Resistive Memory Devices
based on Nanostructure-Controlled
Carbohydrate-block-Polyisoprene Block Copolymers
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February 2017

Chih-Chien Hung, Yu-Cheng Chiu, Hung-Chin Wu,
Chien Lu, Cécile Bouilhac, Issei Otsuka, Sami Halila, m
Redouane Borsali,* Shih-Huang Tung*, and Wen-Chang Chen
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