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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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Expected obstacles
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With very small channels, carriers could tunnel all the way across, even when
there isn’'t supposed to be any current.

Paul Packan, Science 285 (1999) p. 2079.



Interconnects

The speed of circuits is starting to be
limited by the RC time constant of the
interconnects rather than the switching
speed of the transistors. R is being
reduced by using Cu instead of Al. Cis
being reduced by using a low-k dielectric,
such as nanoporous silica, to insulate the
wires from each other.

0.13pum Cu Interconnects

From Craig Barrett (Intel)
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Other obstacles

» The resolution of lithography must go 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 7 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.



Nanoelectronics

Smaller devices will be made for all the reasons just given. When the devices
become smaller than 100 nm in size, quantum mechanical effects such as
energy quantization and tunneling will become important. These effects could
be a problem, but they could be turned into an advantage.
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Quantum wells (Electrons confined in one-dimension)
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Energy
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e Electrons are confined in one dimension and free in the other.

« A common method for making quantum wells is to use epitaxial methods
to deposit alloys with varying composition onto a substrate.



Quantum dots (artificial atoms)

Electrons are confined in all three
dimensions.

The energy levels are discreet, so these
guantum dots are much like atoms.

Review Article
A.P. Alivisatos, “Semiconductor Clusters, Nanocrystals, and Quantum Dots,”

Science 271 (1996) p. 933.



Arrays of nanocrystals could be artificial crystals

Three things determine the electronic structure of a crystal

1. The energy levels of the atoms or lattice sites

2. The coupling between adjacent sites

3. The symmetry of the solid.

A remarkably large number of materials with a wide range of properties can
be made with the atoms in the periodic table.

New materials could be made if we could independently adjust each of the

three parameters. One way to do this is to make arrays of nanocrystals,
which can be thought of as artificial atoms.

James Heath et al., “Architectonic Quantum Dot Solids”,
Acc. Chem. Res. 32 (1999) p. 415.



Tuning a crystal through a metal-insulator transition
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James Heath et al., Acc. Chem. Res. 32 (1999) p. 415.



Nanocrystals
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Molecular electronics

Current

Gold
electrode

Mark Reed et al., Science 278 (1997) p. 252.



	SKC¹ßÇ¥ÀÚ·á.pdf
	Internal efficiency of LEDs
	Selecting metals for cathodes
	Calcium dopes the polymer
	Anodes
	Problems with ITO
	ITO causes device degradation
	ITO work function
	Using conducting polymers as anodes
	Smoothness of PEDOT: PSS (Baytron P EL)
	Energy level diagram for an OLED with a conducting polymer anode
	Work function optimization
	Carrier balance
	Singlet and triplet excitons
	Limits to EL efficiency
	Formation cross-sections of singlets and triplets
	Theory of exciton formation
	Phosphorescent molecules
	Electrophosphorescence
	Further reading on electrophosphorescence
	Achieving high hPL
	Non-emissive traps
	Radiationless transitions due to stretching and twisting
	Excimers
	Excimer spectra
	Radiation rates of excimers
	Avoiding excimer formation (concentration quenching)
	Quenching by metal electrodes
	Spontaneous emission in a microcavity
	LED efficiency versus film thickness
	16. OLED displays.pdf
	Timeline of organic semiconductor discoveries
	Timeline of polymer LED research
	What remains to be done?
	Extracting light from organic LEDs
	Blue LED with a grating
	Flexible encapsulation

	FromLec8(OrgSemicon).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

	01overview.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


	01overview.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


	01overview.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


	change in density of state.pdf
	Change in density of states

	OLED.pdf
	Luminescence
	Questions we will address
	Absorption
	Spontaneous and stimulated emission
	The rate of spontaneous emission
	The connection between absorption, spontaneous emission and stimulated emission
	Selection rules
	Quantum efficiency and radiative rates
	Excitons
	Excitons in polymers
	Excitons and exciton diffusion
	Excitons
	Emission of light
	Singlet and triplet excitons
	The selection rule ? Quantum mechanics.
	Fluorescence and phosphorescence
	Phosphorescence is almost never observed in organic materials
	Vibronic energy levels
	Conformational coordinate
	Population of energy levels
	Absorption and Emission spectra
	Exciton migration to low energy sites
	Explanation of the previous slide
	Energy and charge transfer
	Some uses of energy transfer
	Mechanisms of energy transfer
	Emission and reabsorption
	Forster (resonance) energy transfer
	Rate of Forster energy transfer
	Forster (resonance) energy transfer
	Dexter energy transfer
	13.  History of organic LEDs.pdf
	Electroluminesence from organic materials
	Kodak’s breakthrough: The first efficient OLED
	Band diagram
	Energy transfer to “dopants”
	The first polymer LED
	The first efficient polymer LED
	Double layer polymer LEDs
	IV characteristics of a polymer LED
	Progress in LED efficiency
	Processes of electroluminescence
	Internal efficiency of LEDs
	Light extraction
	Limits on efficiency
	Ian Parker’s model
	Fowler-Nordheim tunneling
	Single-carrier devices
	Hole-only diodes
	Electron-only diodes
	J vs V in hole only (ITO/MEH-PPV/Cu) diodes
	J vs E in the same hole-only diodes
	Fowler-Nordheim plot
	Temperature dependence
	Impact of Parker’s model
	The minority carrier determines the device efficiency
	Improving the Parker’s model
	Image potential
	Campbell Scott’s model for charge injection
	Process 2:  Charge transport
	Space-charge-limited-current (SCLC)
	Device modeling
	A trade-off
	Review articles on organic and polymeric LEDs

	Ç¥Áö_OLED Overview.pdf
	OLED Overview

	OLED2.pdf
	Internal efficiency of LEDs
	Selecting metals for cathodes
	Calcium dopes the polymer
	Anodes
	Problems with ITO
	ITO causes device degradation
	ITO work function
	Using conducting polymers as anodes
	Smoothness of PEDOT: PSS (Baytron P EL)
	Energy level diagram for an OLED with a conducting polymer anode
	Work function optimization
	Carrier balance
	Singlet and triplet excitons
	Limits to EL efficiency
	Formation cross-sections of singlets and triplets
	Theory of exciton formation
	Phosphorescent molecules
	Electrophosphorescence
	Further reading on electrophosphorescence
	Achieving high hPL
	Non-emissive traps
	Radiationless transitions due to stretching and twisting
	Excimers
	Excimer spectra
	Radiation rates of excimers
	Avoiding excimer formation (concentration quenching)
	Quenching by metal electrodes
	Spontaneous emission in a microcavity
	LED efficiency versus film thickness
	16. OLED displays.pdf
	Fabrication of passive-matrix polymer displays
	Advantages of OLED displays
	Full-color OLED display
	Timeline of organic semiconductor discoveries
	Timeline of polymer LED research
	What remains to be done?
	Extracting light from organic LEDs
	Blue LED with a grating
	Flexible encapsulation

	Ç¥Áö_Making OLEDs efficient.pdf
	Making OLEDs efficient



	MotivationÁ¤¸®.pdf
	Devices with Organics
	Devices with Organic Semiconductor and Dielectrics
	유기물 발광소자의 이상적인 특성들


	MotivationÁ¤¸®.pdf
	Devices with Organics
	Devices with Organic Semiconductor and Dielectrics
	유기물 발광소자의 이상적인 특성들

	FromLecture8_FET.pdf
	2 Transport Regimes
	Review of last lecture
	Materials optimization
	Hole mobilities of organic semiconductors
	P-type Polymers used in Transistors
	What determines if a material is a hole or electron transporter?
	N-type Organics used in Transistors
	Derivation of Operational Parameters
	Organic FET Applications
	Patterning Polymer Transistors using Digital Lithography
	Transistor arrays fabricated by digital lithography
	Jet-printed Organic Semiconductors
	Characteristics of Printed XPT
	E-Ink Displays Controlled by TFTs
	Microcontact printing (mCP)
	Microcontact Printing on Plastic Substrates in a Reel-to-Reel Format
	Conclusions on Molecular Weight
	Review articles on organic FETs

	Lecture1_IntroductionToLEDs.pdf
	Organic Light-emitting diodes
	Fabrication of passive-matrix polymer displays
	Monochrome passive-matrix polymer LED display
	Full-color OLED display
	15 inch Display Cost Comparison
	Technology landscape
	Flat panel display market
	The next $100 billion market?
	Companies developing polymer LEDs
	Companies developing small molecule OLEDs
	MotivationÁ¤¸®.pdf
	Devices with Organics
	Devices with Organic Semiconductor and Dielectrics
	유기물 발광소자의 이상적인 특성들


	Lecture3_History&modelingOLED.pdf
	Electroluminesence from organic materials
	Kodak’s breakthrough: The first efficient OLED
	Band diagram
	Energy transfer to “dopants”
	The first polymer LED
	The first efficient polymer LED
	Double layer polymer LEDs
	IV characteristics of a polymer LED
	Progress in LED efficiency
	Processes of electroluminescence
	Internal efficiency of LEDs
	Light extraction
	Limits on efficiency
	Ian Parker’s model
	Fowler-Nordheim tunneling
	Single-carrier devices
	Hole-only diodes
	Electron-only diodes
	J vs V in hole only (ITO/MEH-PPV/Cu) diodes
	J vs E in the same hole-only diodes
	Fowler-Nordheim plot
	Temperature dependence
	Impact of Parker’s model
	The minority carrier determines the device efficiency
	Improving the model
	Image potential
	Campbell Scott’s model for charge injection
	Process 2:  Charge transport
	Space-charge-limited-current (SCLC)
	Device modeling
	A trade-off
	Review articles on organic and polymeric LEDs
	16. OLED displays.pdf
	Timeline of organic semiconductor discoveries
	Timeline of polymer LED research
	What remains to be done?
	Extracting light from organic LEDs
	Blue LED with a grating
	Flexible encapsulation


	From16. OLED displays.pdf
	Timeline of organic semiconductor discoveries
	Timeline of polymer LED research
	What remains to be done?
	Extracting light from organic LEDs
	Blue LED with a grating
	Flexible encapsulation

	¼Ò°³.pdf
	고분자 LED의 개념, 연구동향 및 추진전략

	¼Ò°³.pdf
	Polymer LED기술현황 및 발전 방향

	Triplet.pdf
	Singlet and triplet excitons
	Limits to EL efficiency
	Formation cross-sections of singlets and triplets
	Theory of exciton formation in Semiconductive polymers
	Phosphorescent molecules
	Electrophosphorescence
	Further reading on electrophosphorescence

	¼Ò°³.pdf
	Polymer LED기술현황 및 발전방향
	공동연구 가능 과제들

	Triplet.pdf
	Singlet and triplet excitons
	Limits to EL efficiency
	Formation cross-sections of singlets and triplets
	Theory of exciton formation in Semiconductive polymers
	Phosphorescent molecules
	Electrophosphorescence
	Further reading on electrophosphorescence

	CP132.pdf
	1. Introduction
	Untitled


	Lec7(nanoelectronics).pdf
	SKC¹ßÇ¥ÀÚ·á.pdf
	Internal efficiency of LEDs
	Selecting metals for cathodes
	Calcium dopes the polymer
	Anodes
	Problems with ITO
	ITO causes device degradation
	ITO work function
	Using conducting polymers as anodes
	Smoothness of PEDOT: PSS (Baytron P EL)
	Energy level diagram for an OLED with a conducting polymer anode
	Work function optimization
	Carrier balance
	Singlet and triplet excitons
	Limits to EL efficiency
	Formation cross-sections of singlets and triplets
	Theory of exciton formation
	Phosphorescent molecules
	Electrophosphorescence
	Further reading on electrophosphorescence
	Achieving high hPL
	Non-emissive traps
	Radiationless transitions due to stretching and twisting
	Excimers
	Excimer spectra
	Radiation rates of excimers
	Avoiding excimer formation (concentration quenching)
	Quenching by metal electrodes
	Spontaneous emission in a microcavity
	LED efficiency versus film thickness
	16. OLED displays.pdf
	Timeline of organic semiconductor discoveries
	Timeline of polymer LED research
	What remains to be done?
	Extracting light from organic LEDs
	Blue LED with a grating
	Flexible encapsulation

	FromLec8(OrgSemicon).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

	01overview.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


	01overview.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


	01overview.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


	change in density of state.pdf
	Change in density of states

	OLED.pdf
	Luminescence
	Questions we will address
	Absorption
	Spontaneous and stimulated emission
	The rate of spontaneous emission
	The connection between absorption, spontaneous emission and stimulated emission
	Selection rules
	Quantum efficiency and radiative rates
	Excitons
	Excitons in polymers
	Excitons and exciton diffusion
	Excitons
	Emission of light
	Singlet and triplet excitons
	The selection rule ? Quantum mechanics.
	Fluorescence and phosphorescence
	Phosphorescence is almost never observed in organic materials
	Vibronic energy levels
	Conformational coordinate
	Population of energy levels
	Absorption and Emission spectra
	Exciton migration to low energy sites
	Explanation of the previous slide
	Energy and charge transfer
	Some uses of energy transfer
	Mechanisms of energy transfer
	Emission and reabsorption
	Forster (resonance) energy transfer
	Rate of Forster energy transfer
	Forster (resonance) energy transfer
	Dexter energy transfer
	13.  History of organic LEDs.pdf
	Electroluminesence from organic materials
	Kodak’s breakthrough: The first efficient OLED
	Band diagram
	Energy transfer to “dopants”
	The first polymer LED
	The first efficient polymer LED
	Double layer polymer LEDs
	IV characteristics of a polymer LED
	Progress in LED efficiency
	Processes of electroluminescence
	Internal efficiency of LEDs
	Light extraction
	Limits on efficiency
	Ian Parker’s model
	Fowler-Nordheim tunneling
	Single-carrier devices
	Hole-only diodes
	Electron-only diodes
	J vs V in hole only (ITO/MEH-PPV/Cu) diodes
	J vs E in the same hole-only diodes
	Fowler-Nordheim plot
	Temperature dependence
	Impact of Parker’s model
	The minority carrier determines the device efficiency
	Improving the Parker’s model
	Image potential
	Campbell Scott’s model for charge injection
	Process 2:  Charge transport
	Space-charge-limited-current (SCLC)
	Device modeling
	A trade-off
	Review articles on organic and polymeric LEDs

	Ç¥Áö_OLED Overview.pdf
	OLED Overview

	OLED2.pdf
	Internal efficiency of LEDs
	Selecting metals for cathodes
	Calcium dopes the polymer
	Anodes
	Problems with ITO
	ITO causes device degradation
	ITO work function
	Using conducting polymers as anodes
	Smoothness of PEDOT: PSS (Baytron P EL)
	Energy level diagram for an OLED with a conducting polymer anode
	Work function optimization
	Carrier balance
	Singlet and triplet excitons
	Limits to EL efficiency
	Formation cross-sections of singlets and triplets
	Theory of exciton formation
	Phosphorescent molecules
	Electrophosphorescence
	Further reading on electrophosphorescence
	Achieving high hPL
	Non-emissive traps
	Radiationless transitions due to stretching and twisting
	Excimers
	Excimer spectra
	Radiation rates of excimers
	Avoiding excimer formation (concentration quenching)
	Quenching by metal electrodes
	Spontaneous emission in a microcavity
	LED efficiency versus film thickness
	16. OLED displays.pdf
	Fabrication of passive-matrix polymer displays
	Advantages of OLED displays
	Full-color OLED display
	Timeline of organic semiconductor discoveries
	Timeline of polymer LED research
	What remains to be done?
	Extracting light from organic LEDs
	Blue LED with a grating
	Flexible encapsulation

	Ç¥Áö_Making OLEDs efficient.pdf
	Making OLEDs efficient



	MotivationÁ¤¸®.pdf
	Devices with Organics
	Devices with Organic Semiconductor and Dielectrics
	유기물 발광소자의 이상적인 특성들


	MotivationÁ¤¸®.pdf
	Devices with Organics
	Devices with Organic Semiconductor and Dielectrics
	유기물 발광소자의 이상적인 특성들

	FromLecture8_FET.pdf
	2 Transport Regimes
	Review of last lecture
	Materials optimization
	Hole mobilities of organic semiconductors
	P-type Polymers used in Transistors
	What determines if a material is a hole or electron transporter?
	N-type Organics used in Transistors
	Derivation of Operational Parameters
	Organic FET Applications
	Patterning Polymer Transistors using Digital Lithography
	Transistor arrays fabricated by digital lithography
	Jet-printed Organic Semiconductors
	Characteristics of Printed XPT
	E-Ink Displays Controlled by TFTs
	Microcontact printing (mCP)
	Microcontact Printing on Plastic Substrates in a Reel-to-Reel Format
	Conclusions on Molecular Weight
	Review articles on organic FETs

	Lecture1_IntroductionToLEDs.pdf
	Organic Light-emitting diodes
	Fabrication of passive-matrix polymer displays
	Monochrome passive-matrix polymer LED display
	Full-color OLED display
	15 inch Display Cost Comparison
	Technology landscape
	Flat panel display market
	The next $100 billion market?
	Companies developing polymer LEDs
	Companies developing small molecule OLEDs
	MotivationÁ¤¸®.pdf
	Devices with Organics
	Devices with Organic Semiconductor and Dielectrics
	유기물 발광소자의 이상적인 특성들


	Lecture3_History&modelingOLED.pdf
	Electroluminesence from organic materials
	Kodak’s breakthrough: The first efficient OLED
	Band diagram
	Energy transfer to “dopants”
	The first polymer LED
	The first efficient polymer LED
	Double layer polymer LEDs
	IV characteristics of a polymer LED
	Progress in LED efficiency
	Processes of electroluminescence
	Internal efficiency of LEDs
	Light extraction
	Limits on efficiency
	Ian Parker’s model
	Fowler-Nordheim tunneling
	Single-carrier devices
	Hole-only diodes
	Electron-only diodes
	J vs V in hole only (ITO/MEH-PPV/Cu) diodes
	J vs E in the same hole-only diodes
	Fowler-Nordheim plot
	Temperature dependence
	Impact of Parker’s model
	The minority carrier determines the device efficiency
	Improving the model
	Image potential
	Campbell Scott’s model for charge injection
	Process 2:  Charge transport
	Space-charge-limited-current (SCLC)
	Device modeling
	A trade-off
	Review articles on organic and polymeric LEDs
	16. OLED displays.pdf
	Timeline of organic semiconductor discoveries
	Timeline of polymer LED research
	What remains to be done?
	Extracting light from organic LEDs
	Blue LED with a grating
	Flexible encapsulation


	From16. OLED displays.pdf
	Timeline of organic semiconductor discoveries
	Timeline of polymer LED research
	What remains to be done?
	Extracting light from organic LEDs
	Blue LED with a grating
	Flexible encapsulation

	¼Ò°³.pdf
	고분자 LED의 개념, 연구동향 및 추진전략

	¼Ò°³.pdf
	Polymer LED기술현황 및 발전 방향

	Triplet.pdf
	Singlet and triplet excitons
	Limits to EL efficiency
	Formation cross-sections of singlets and triplets
	Theory of exciton formation in Semiconductive polymers
	Phosphorescent molecules
	Electrophosphorescence
	Further reading on electrophosphorescence

	¼Ò°³.pdf
	Polymer LED기술현황 및 발전방향
	공동연구 가능 과제들

	Triplet.pdf
	Singlet and triplet excitons
	Limits to EL efficiency
	Formation cross-sections of singlets and triplets
	Theory of exciton formation in Semiconductive polymers
	Phosphorescent molecules
	Electrophosphorescence
	Further reading on electrophosphorescence

	CP132.pdf
	1. Introduction
	Untitled






