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Efforts to reduce the size
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Limitations to silicon MOSFET circuits.
New devices: Single electron transistors, resonant tunneling diodes.



Benefits of scaling

» Reducing the size of the transistors makes them faster and keeps the
power consumption reasonable.

 Putting more transistors in a circuit enables more computation.
e Integrating several chips into one improves reliability.

» Cost per transistor goes down.



How long will Moore’s Law continue?

Billions of dollars will be spent to make sure that improvement of silicon
chips stay on the curve predicted by Moore, but there are some serious
obstacles that must be overcome.
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Other obstacles

» The resolution of lithography must go far below 100 nm.

» Heat must be dissipated.

 Fabrication plants are costing billions of dollars.

As daunting as the problems are, it is expected that the silicon industry will
find ways to solve them for at least 5 more years and maybe much longer.

After ~2010: not how to push silicon (or germanium) technology forward,
but how to make new devices with non-traditional fabrication techniques.



Organic materials can self-assemble on the nanometer
length scale to make highly advanced materials
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* Proteins are natural
polymers made up from
a collection of 20
different amino acids.

» They self-assemble into
complex 3D shapes that
can have a variety of
advanced functions.




Biomimetics
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Organic semiconductors are emerging as very
Important materials for electronics and photonics
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Full-color OLED display
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Polymer Light-Emitting Diodes
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Fabrication of polymer displays
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Flexible integrated circuits

These inexpensive circuits will be probably be used for smart cards
and active matrix displays.

C.J. Drury et al., Appl. Phys. Lett. 73 (1998) p. 108.



	lecture3.pdf
	Future displays
	New applications
	Several approaches to making electronic paper
	Electrophoretic display (E-ink’s design)
	Stabilizing colloidal dispersions
	Making the microcapsules
	Micrograph of the capsules
	Electronic paper is thin and flexible
	Another display technology:  Organic LEDs
	OLED displays

	lecture1.pdf
	Organic Materials
	Organic materials can self-assemble on the nanometer length scale to make highly advanced materials
	Self-assembly of periodic silica-surfactant nanostructures
	Proteins
	Biomimetics
	Organic semiconductors are emerging as very important materials for electronics and photonics
	Polymer Light-Emitting Diodes
	Fabrication of polymer displays
	Full-color OLED display
	Flexible integrated circuits
	Why are bonds so important?
	Atomic structure
	Atomic orbitals
	p orbitals
	Atomic energy levels
	Ionic bonds
	A more general approach to bonding
	Bonding and antibonding orbitals
	Energy levels
	Why don’t helium atoms bind to each other?
	p bonds
	p energy levels
	Bond stiffness
	Polarizability
	Absorption and emission spectra
	What type of bonds does carbon form with itself?
	sp3 hybridization
	Energy levels of hybridized orbitals
	Ethane (C2H6)
	s and p bonds
	AcetyleneH-C=C-H
	Electronegativity of the elements
	Dipole moment
	Dipole moments add as vectors
	Dipole moments
	Dipoles that involve p bonds
	How can we explain the irregularities in the dipole moments?
	Inductive effect:  Dipole is induced by the difference in electonegativity
	Resonance electron donor
	Resonance electron acceptor
	Resonance forms differ only in the position of their non-bonding electrons
	Resonance forms must be valid Lewis structures
	Different resonance forms don’t have to be equivalent
	Band structure of conjugated polymers
	Charged solitons
	Doping conjugated polymers
	Formation and propagation of solitons
	Electrical conductivity of trans-(CH)xas a function of (AsF5) dopant concentration
	How conductive can polymers be?
	Comparison of conjugated polymers to other materials
	Further reading
	Bond rotationsBoltzmann factorsCis-trans isomers
	Ethane
	Staggered vs eclipsed conformations
	Energy versus bond angle
	Energy Scales
	Boltzmann Factor = e-E/kT
	Propane
	Butane
	The fully eclipsed conformation
	Butane
	Gauche/trans ratio
	Gauche sequences enable polymer chains to form coils
	Cis-trans isomerism
	Intermolecular Interactions

	º¸¿Ï.pdf
	MSE 3434/17/03
	The need for determining the absolute values of the band edges
	Energy Levels
	n-type conductors are unstable
	Determining energy levels by measuring the oxidation and reduction potentials
	Measuring energy levels with photoelectron spectroscopy
	Photoelectron spectroscopy
	Determination of the valence band energy
	Measuring the density of states
	Determining the LUMO level
	Effect of chemical structure on the energy levels
	Inductive effect
	The inductive effect is not the same as doping
	Resonances
	Benzene
	Another resonance
	sp2 and pz orbitals
	Resonance forms differ only in the position of their non s bonding electrons
	Resonance forms must be valid Lewis structures
	Different resonance forms don’t have to be equivalent
	Resonance electron donating agent
	Resonance electron accepting agent
	Looking ahead
	optical properties.pdf
	Why some organic materials are colored
	What do the optical properties tell us about the structure of a material?
	Dichroism
	An example of a dichroic molecule

	2. Electronic  structure.pdf
	MSE 343/EE 3264/03/03
	Chemical structure of common conjugated polymers
	Derivatives of the common conjugated polymers
	Spin casting
	A few commonly used small organic molecules
	Making thin films by evaporating small organic molecules
	Structure of the films
	Polyacenes
	Energy bands
	Different types of band diagrams
	Conductivity and mobility
	Preview of the next two lectures
	Finding the wavefunctions and energy levels for an atom
	Atomic orbitals
	Atomic energy levels
	Finding the wavefunctions and energy levels of a molecule
	Bonding and antibonding orbitals
	Calculating the energy levels
	Potential energy curves
	Why hydrogen forms molecules and helium doesn’t
	p bonds
	p energy levels
	What type of bonds does carbon form with itself?
	sp3 hybridization
	Energy levels of hybridized orbitals
	s bond with sp3 hybridized orbitals
	s and p bonds
	Larger molecules
	The molecular orbitals consist of atomic orbitals with a sinusoidal envelope
	Benzene

	4. Charge carriers.pdf
	Announcements
	MSE 3434/10/03
	Chemical doping of conjugated polymers
	n-type doping
	Doping changes the structure of the film
	Consequences of charge transfer doping
	Substitutional doping in silicon
	Can we use substitutional doping with conjugated polymers?
	Another molecule with nitrogen
	How does doping affect the energy levels?
	Formal charge
	Degenerate ground states in polyacetylene
	Solitons
	Soliton-antisoliton pairs
	Isn’t each carbon supposed to have 8 electrons?
	Solitons are delocalized
	Another representation of a soliton
	Charged solitons
	Doping forms solitons
	Formation and propagation of solitons
	Experimental verification of the soliton model
	Electrochemical cell
	Electrochemical doping
	Doping level versus potential
	Density of states
	Absorption of polyacetylene at varying doping levels
	Electron spin resonance (ESR)
	Applications that emerged from these experiments
	Polymers with nondegenerate ground states
	Solitons in a nondegenerate ground-state polymer
	Polarons
	Polaron energy levels
	Neutral and charged polarons
	Bipolarons
	Absorption of polythiophene at varying doping levels
	Change in density of states
	Generating charge carriers
	Further reading

	3. Electronic structure 2.pdf
	MSE 343/EE 3264/8/03
	Review of last lecture
	Evolution of bands
	The molecular orbitals consist of atomic orbitals with a sinusoidal envelope
	Alternating the bond distance lowers the energy
	Double bonds aren’t as simply as introductory chemistry books imply
	Tight-binding model in one-dimension
	Tight-binding energy bands
	s band
	s and p bands
	Benzene
	Band diagram for a poly(para-phenylene) (PPP) derivative
	Lowest energy band of PPP (D2)
	The second dispersive band in PPP (D1)
	A PPP band with no dispersion (L1)
	How does the bandgap depend on the twist angle between the rings?
	Is polyacetylene a metal, semiconductor or insulator?
	E vs k for polyacetylene
	Peierl’s distortion (Bond alternation)
	Explanation of the energy gap at the Fermi surface
	Wavefunctions at the edge of the energy gap created by the Peierl’s distortion
	Conclusions
	What happens when we have many molecules in contact with each other?
	Absorption spectra of anthracene in solution and in a crystal
	What we have neglected
	For more information
	Books on organic semiconductors
	Tuning the bandgap of conjugated polymers
	Comments on the previous slide
	Tuning the bandgap of polythiophene derivatives
	Photoluminescence spectra
	Spectra in different solvents
	Proof that the solvent affects the conformation
	twist.pdf
	Thermochromism in RR P3HT (a conjugated semiconducting polymer)
	Chain packing of RR P3HT


	1. Introduction lecture.pdf
	MSE 343/EE 326:  Organic Semiconductors for Electronic and Photonic Devices
	What are organic materials and why are they special?
	Polymers
	Why most polymers and organic solids are insulators
	Why conjugated molecules can be semiconductors
	Bonding and antibonding orbitals
	Benzene
	Band structure of conjugated polymers
	Examples of conjugated polymers with a range of band gaps
	Examples of small molecules
	Is trans-polyacetylene a conductor?
	Doping conjugated polymers
	n-type doping
	Electrical conductivity of trans-(CH)xas a function of (AsF5) dopant concentration
	How conductive can polymers be?
	Comparison of conjugated polymers to other materials
	Soliton propagation
	Absorption of polyacetylene at varying doping levels
	“Doping” a semiconductor with the field effect
	FET geometry
	Performance of organic transistors
	Mobilities of polymer semiconductors
	Mobilities of small conjugated molecules that form crystals
	Flexible integrated circuits
	1st generation organic PV cells: one layer design
	2nd generation PV cells: two-layer design
	3rd generation: blending C60 derivatives into polymers
	Interpenetrating network PV cells
	Light emission
	Polymer Light-Emitting Diodes
	IV Characteristics of a Polymer LED Made by UNIAX Corporation
	Factors that determine the efficiency of LEDs
	Fabrication of polymer displays
	Development of Displays
	Photophysics
	Polymer lasers
	Topics that will not be covered
	Course information
	Prerequisites
	Homework for the next class
	Reading material
	Problem sets
	Midterm and final
	Grading

	Ç¥Áö_Organic semiconductor.pdf
	Organic semiconductor:Fundamentals


	Lec1_supp.pdf
	Organic Semiconductors for Electronic and Photonic Devices
	What are organic materials and why are they special?
	Polymers
	Why most polymers and organic solids are insulators
	Why conjugated molecules can be semiconductors
	Bonding and antibonding orbitals
	Benzene
	Band structure of conjugated polymers
	Examples of conjugated polymers with a range of band gaps
	Is trans-polyacetylene a conductor?
	Doping conjugated polymers
	n-type doping
	Electrical conductivity of trans-(CH)xas a function of (AsF5) dopant concentration
	How conductive can polymers be?
	Comparison of conjugated polymers to other materials
	Soliton propagation
	Absorption of polyacetylene at varying doping levels
	FET geometry
	Band diagram of a diode
	The built-in electric field depends on the work function of the electrodes
	One cannot make diodes in the same way with inorganic materials
	1st generation organic PV cells: one layer design
	2nd generation PV cells: two-layer design
	3rd generation: blending C60 derivatives into polymers
	Interpenetrating network PV cells
	Light emission
	Polymer Light-Emitting Diodes
	IV Characteristics of a Polymer LED Made by UNIAX Corporation
	Factors that determine the efficiency of LEDs
	Fabrication of polymer displays
	Development of Displays
	Lecture1_supp2.pdf
	FPD.pdf
	Future displays
	New applications
	Several approaches to making electronic paper
	Electrophoretic display (E-ink’s design)
	Making the microcapsules
	Organic LEDs
	OLED displays

	Motivation1.pdf
	Device with Organics

	Motivation2.pdf
	Device with Organic Semiconductor and Dielectrics


	Lecture1_supp3.pdf
	lecture1.pdf
	Organic Semiconductors for Electronic and Photonic Devices
	What are organic materials and why are they special?
	Polymers
	Why most polymers and organic solids are insulators
	Why conjugated molecules can be semiconductors
	Bonding and antibonding orbitals
	Benzene
	Band structure of conjugated polymers
	Examples of conjugated polymers with a range of band gaps
	Is trans-polyacetylene a conductor?
	Doping conjugated polymers
	n-type doping
	Electrical conductivity of trans-(CH)xas a function of (AsF5) dopant concentration
	How conductive can polymers be?
	Comparison of conjugated polymers to other materials
	Soliton propagation
	Absorption of polyacetylene at varying doping levels
	FET geometry
	Band diagram of a diode
	The built-in electric field depends on the work function of the electrodes
	One cannot make diodes in the same way with inorganic materials
	1st generation organic PV cells: one layer design
	2nd generation PV cells: two-layer design
	3rd generation: blending C60 derivatives into polymers
	Interpenetrating network PV cells
	Light emission
	Polymer Light-Emitting Diodes
	IV Characteristics of a Polymer LED Made by UNIAX Corporation
	Factors that determine the efficiency of LEDs
	Fabrication of polymer displays
	Development of Displays
	Lecture1_supp2.pdf
	FPD.pdf
	Future displays
	New applications
	Several approaches to making electronic paper
	Electrophoretic display (E-ink’s design)
	Making the microcapsules
	Organic LEDs
	OLED displays

	Motivation1.pdf
	Device with Organics

	Motivation2.pdf
	Device with Organic Semiconductor and Dielectrics





	°�ÁÂÇ¥Áö.pdf
	신소재 화학 Organic & Nano- Materials

	lec1_add(light).pdf
	Reflection and refraction
	Scattering
	Three classifications




