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Abstract

Nanofabrication techniques were used to manufacture nanometer scale
protein templates. The fabrication approach employs electron beam
lithography (EBL) patterning on poly(ethylene glycol) (PEG) thiol
(CH3O(CH2CH2O)17NHCO(CH2)2SH) self-assembled monolayers (SAM)
on Au. The PEG SAM prevented protein surface adhesion and binding sites
for protein were created in the SAM by EBL. Subsequent to EBL, the patterns
in the PEG SAM were backfilled with 40-nm NeutrAvidin-coated fluorescent
spheres (FluoSpheres). The spontaneous and directed immobilization of the
spheres from a solution to the patterns resulted in high resolution protein
patterns. The FluoSpheres could be arranged in any arbitrary pattern with
ultimately only one or a few FluoSpheres at each binding site.

Growth dynamics and SAM morphology of PEG on Au were studied by
atomic force microscopy (AFM). PEG SAMs on three types of Au with different
microstructure were examined: thermally evaporated granular Au and two
types of Au films produced by hydrogen flame annealing of granular Au,
Au(111) and "terraced" Au (crystal orientation unknown). The different Au
surfaces' substructure affected the morphology and mechanical properties
of the PEG SAM. On Au(111), AFM imaging revealed monolayer formation
through three distinct steps: island nucleation, island growth, and coalescence.
The fine-structure of the SAM revealed dendritic island formation - an
observation which can be explained by attractive intermolecular interactions
and diffusion-limited aggregation. Island growth was not observed on the
"terraced" Au.

AFM studies of EBL patterned PEG SAMs on Au(111) revealed two different
patterning mechanisms. At low doses, the pattern formation occurs by SAM
ablation in a self-developing process where the feature depth is directly dose
dependent. At higher doses electron beam induced deposition of material,
so-called contamination writing, is seen in the ablated areas of the SAM. The
balance between these two mechanisms is shown to depend on the geometry of
the pattern.

In addition to PEG SAMs, fibronectin monolayers on SiO2 surfaces were
patterned by EBL. The areas exposed with EBL lose their functionality and
do not bind anti-fibronectin. With this approach we constructed fibronectin
templates and used them for cell studies demonstrating pattern dependent cell
geometries and cell adhesion.
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