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Outline and motivation

- SA mono and multilayers on silica and silicon native oxide
e The chemistry of the process
* the effect of moisture
* the effect of the solvent
* the effect of temperature
 From mono to multi layers. Reactive functionalities
surface
e Case study | — Electro-optic modulators
the electro-optic effect in organic materials
 Self-limiting chemisorptive siloxane self assembly
e Case study Il — Organic Field Effect Transistors
» structure and components
* the gate insulator role
 SAM as very thin gate insulator
1 « the Self Assembled Nano Dielectric (SAND) concept
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The Langmuir isotherms — Branching effect

Area per molegule/nm?2

Ij‘igure 25 Sl..lrfaCf! pressure/area isotherm of 2-ethylpalmitic acid (dashed line) and oleic acid (dottéd
line), with stearic acid (solid line) as a comparison. (After Stenhagen®? and Adam and Dyer.45)

Dept. Materals: Sciencer, Univ:. Milanoe -Bicecca tonics and iophotonics  rganics  ynthesis -

== UNIVERSITA'



The Langmuir isotherms — Head group effect
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Figure 2.36. Influence of headgroup on the surface pressure/area isotherm of anthracene derivatives
(Figure 2.33; R = C4Ho, X as indicated) at a temperature of 20 °C and subphase pH 4.
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Morphology — Films X, Y and Z
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@uitlinerand moetivaion

« SA mono and multilayers on silica and silicon native oxide
* The chemistry of the process
* the effect of moisture
* the effect of the solvent
* the effect of temperature
 From mono to multi layers. Reactive functionalities ona
surface
« Case study | — Electro-optic modulators
« the electro-optic effect in organic materials
 Self-limiting chemisorptive siloxane self assembly
e Case study Il — Organic Field Effect Transistors
e structure and components
e the gate insulator role
« SAM as very thin gate insulator
 the Self Assembled Nano Dielectric (SAND) concept
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VIEChaRISH Gff AEPGSIeRT — NEele el e SeIVEnT

1. Moisture extraction from the substrate
2.  Chlorosilane hydrolisis
3. Surface adsorption and polymerization of the silan ole

Optimum condition: H 2O 0.15 mg/100 mL solvent

Hydrophobic solvents:

- Low water concentration in solution (reduced
hydrolysis)

- Silanole low solubility (surface deposition
favorable)

Hydrophilic solvents

-High water extraction capability

-Solution polymerization (silanoles and low
oligomers are soluble)

Langmuir 1994, 10, 36073614

Role of Solvent on the Silanization of Glass with
Octadecyltrichlorosilane

Mark E. McGovern, Krishna M. R. Kall and Michael Thompson®
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Coverage andrepreducinlin: = e relereimersiure

*) Excess water leads to polymerization in solution and poly siloxane
deposition

*) Rigorous absence of water gives Incomplete monolayers
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Mechanism of deposition — the role of the temperature

On silica

contact angle

ClI
Si_
Cl, Cl

« low temperature Optimal T growt:
* low silanole solubility — favored absorption C18 silane — 18T
* reduced wated solubility — controlled hydrolysis C10 silane — 10C
* higher order due to WDW interactions
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Possible trimeric (soluble) precursor

Not all of the silanoles bind to the surface. Statis  tically
LOH : :
Si. one over 5 silanoles reacts with the surface. The
Al  preformed silica oligomer bridges over defects.
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R = X, CN, SCN, OCH; COOCH; CSOCH; OCOCH; Si(CH3)3

perfluorinated chains, benzyl halides,..

Strongly basic functionalities lead to disordered f IIms,
Interactions with surface and lateral chain silanol es.
Free alchools, amine, free thiols and nucleophylic
functionalities in general are incompatible. Multil ayers,
functional structures?
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lerauer nulayerea stiiciiies

Construction of self-assembled multilayers from meth yl 23-
(trichlorosilyl)tricosanoate
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. < H0 .
Condensation S I » Hydroxylated surface
Chemistry o

Solvent
Temperature
Reagents

Time

Surface reactivity

- Dense, conformal coverage

- robust, covalent bonding

- wet process

- wide range of accessible functionalities
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SeliAssembledAcentre Multlzayers
SYNINESIS
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Facchetti, A. ; van der Boom, M. E.; Abbotto, A. ; Be  verina, L.; Marks, T. J.; Pagani, G. A. Langmuir 2001, 17, 5939-5942.
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