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Specific course information

Catalog description: The sensing and characterization of biological entities, processes and events, with novel
nanoscale devices and nano-object mediated modalities, will have immediate and far reaching impacts. This course
covers the fundamentals of nanotechnology in biological and biomedical research. The course work is approached
from an engineering perspective offering insights on the details of nanoscale fabrication processes as well as
cell biology. The basics of biology and chemistry, with focus on how to engineer the behavior of molecules at the
nanoscale, are also introduced and analyzed. Concepts and processes related to BioMEMS and microfluidics will
also be explained.

Specific goals for the course: To introduce the students to the concepts of nanobiotechnology and its
applicationsin biological and biomedical engineering, pharmaceuticals, diagnostics, and public health. Students will
also learn material properties of natural and synthetic materials and their applicationsin biomedical engineering.



Brief list of topics to be covered:

Introduction to Nanobiotechnology, historical prospective, solid-state fabrication, Moore’s law and its implication in
bioengineering.

Basic semiconductor materials, Crystal structure, Miller indices, Crystalline materials.

Standard fabrication processes and modules, oxidation (wed and dry), oxide properties, Photolithography
Projection Lithography, Pitch limit and diffraction, Light sources

Doping, Diffusion, lon Implantation, dry etching, wet etching, Isotropic and anisotropic etching.

Deep reactive ion etching, LPCVD, PECVD, PVD

Trade-offsin lithography, next generation lithography. X-Ray lithography, XPS, Auger electron spectroscopy, EUV
lithography, ProximalX-raylithography

E-beam lithography, Focused ion beam lithography, Projection e-beam and ion beamlithography

Scanning probe lithography, atomic force lithography

Dip pen lithography, AFM lithography by local probe oxidation, STM lithography

Soft lithography, contact printing, PDMS properties

Micro transfer molding, replica molding, PDMS issues, CD based fluidics

Nanoimprint lithography, step and flash lithography

Biomolecules, cells and organelles, chemical structure of phospholipids

Functional groups, structure of nucleic acids, genes, electronics properties of nucleicacids, aptamers

DNA structure and fundamentals, human genome project

DNA microarrays, Integration of bionano, need to biosensing, electronic properties of biomaterials

Molecular sensing, DNA hybridization, Annealing, Polymerase chainreaction (PCR), DNA replicationand
amplification.

Real-time PCR, SYBR staining, Tagman, Scorpian, RT-PCR, PCR on-chip, microfluidics

Next generation sequencing, ion torrent technology, Solid-state and biological nanopores for DNA analysis

Gene translation and expression (MRNA, tRNA, rRNA)

Types and structure of protein, types of amino acids, surface funcationalization with protein and DNA/RNA probes
Nanowires, synthesis, nanowire biosensors

Quantum dot confinement, carbon nanotubes and graphene, synthesisand theirapplicationsin biomedical engineering



