Organic LEDs - part 8

= Exciton Dynamics in Disordered Organic Thin Films

e Quantum Dot LEDs

Handout on QD-LEDs: Coe et al., Nature 420, 800 (2002).
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Exciton Dynamics in Time Dependant PL

sample
pump laser Ti-Sapphire = OPA T\
organic \j\ig\lg\ ‘
(~100 nm) focusing lens QS:SJ\H
glass \B\\J\

Deflector
Plates

CCD

Channel Plate

Grating

wavelength

N\ Incident
Light

time




Dynamic Spectral Shifts of DCM2 in Alq,

= Measurement performed on doped DCM2:Alq, films

- Excitation at A=490 nm (only DCM2 absorbs) 720 W6aS\é)elen6%ft(? [ nrgo]o
12- 1_0_2%DCM2AI _ o

©10- > -

= ] & 0.8 time //

S D

5 8 IS

s 5 0.6-

— O- ® _

> N

€ 21 > 0.2-
O ' ! ' ! ' ! ' OO T T T T T T T T -
1.7 18 19 20 2.1 1.7 1.8 19 20 2.1

Energy[eV ] Energy[eV ]

~ DCM2 PL red shifts > 20 nm over 6 ns ~



Time Evolution of 4% DCM2 in Alq; PL Spectrum
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Electronic Processes in Molecules
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Time Evolution of DCM2 Solution PL Spectra
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mm)p  Spectral Shift due to

~ Exciton Diffusion ~
~ Intermolecular Solid State Interactions ~
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Excitonic Energy Variations
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Molecular PL Spectra
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Each dye molecule experiences a
different local medium
= variations in excitonic energies

Non-zero width to excitonic

density of states

Excitonic Density of States
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Exciton Distribution in the Excited State (S, or T,)

~ Time Evolved Exciton Thermalization ~
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EXCITON DIFFUSION LEADS TO REDUCTION IN FWHM
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X% DCM in Alqg,
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Time Evolution of Peak PL in Neat Thin Films
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Parameters for Simulating Exciton Diffusion

observed radiative lifetime (1)

decreasing doping
N, (5% down to 0.5%);
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Fitting Simulation to Experiment — Doped Films
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« Good fits possible for all data sets

* Rg decreases with increasing doping,
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falling from 52 A to 22 A

*  Wpos also decreases with increasing doping,
ranging from 0.146 eV to 0.120 eV
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Fitting Simulation — Neat Films

Spectral shift observed in each material system

Molecular dipole and wpog are correllated: lower
dipoles correspond to less dispersion

Even with no dipole, some dispersion exists

Experimental technique general, and yields first
measurements of excitonic energy dispersion
in amorphous organic solids
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Temporal Solid State Solvation

upon excitation both magnitude and direction
of lumophore dipole moment can change

FOR EXAMPLE for DCM: i, - Ly > 20 Debye !
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following the excitation the environment surrounding the
excited molecule will reorganize to minimize the overall

energy of the system (maximize p-E,,.)
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Exciton Distribution in the Excited State (S, or T,)

~ Time Evolved Molecular Reconfiguration ~
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Fusion of Two Material Sets

Organic
Semiconductors
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Hybrid devices
could enable

LEDs, Solar Cells,
Photodetectors,
Modulators, and

Lasers

which utilize the
best properties of
each individual
material.

Fabrication of
rational structures
has been the main
obstacle to date.
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Inorganic Nanocrystals - Quantum Dots 7nS
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Absorption Spectra

| Fusion of Two Material Sets
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Integration of Nanoscale Materials
Quantum Dots and Organic Semiconductors
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Phase Segregation and Self-Assembly

QD Solution TPD Solution
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1. A solution of an organic
material, QDs, and solvent...

2. is spin-coated onto a clean
substrate.

3. During the solvent drying
time, the QDs rise to the
surface...

4. and self-assemble into
grains of hexagonally close
packed spheres.

Organic hosts that deposit as flat films
allow for imaging via AFM, despite the
AFM tip being as large as the QDs.

Phase segregation is driven by a
combination of size and chemistry.

Ds
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-
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close Eacked QDs

TPD
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~8nm PbSe QDs

Flat TPD
background
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Monolayer Coverage - QD concentration

QD Eovérage ='20%

As the concentration of
QDs in the spin-casting
solution is increased,
the coverage of QDs on
the monolayer is also
increased.
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Electron Energy [eV]
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Full Size Series of PbSe Nanocrystals
from 3 nm to 10 nm in Diameter

1 peak
97 absorption
_ 8- 2208 nm
2
5 71 2036 nm
E‘ -
T G- 1812 nm
.E - \/\/\A
o
E@ 5 - .\\J\“J/\\ 1708 nm
§ 4 - 1600 nm
8 -
S 3- \’\/\ 1504 nm
%2}
2.
< o ~— 1404 nm
- \/\/\k 1268 nm
0 - “ __— 1136 nm

1000 1500 2000 2500
Wavelength (nm)




QDs are poor charge | Design of Device Structures
transport materials...

CdSe core
Qb } M QD monolayer é?gl SN
Y 50nm Ag :

cas 50nm Mg:Ag

But efficient emitters... 30nm Algs
ﬁ ﬁ H W 10nm TAZ ! |.
Zns KOOCOCOOO0OOCOCDY

A 40nm TPD

TOPO caps QD intersite spacing |TO
Glass
Isolate layer functions of maximize Use organics for charge transport.

device performance. A

Vacuum Level =0 eV

1. Generate excitons on organic sites.

= EA=2.1
2. Transfer excitons to QDs via Forster % TPD EA=3.0 £ac3 1
or Dexter energy transfer. 2 LZJ TAZ| | Alds| g =37

3. QD electroluminescence. g |Ear — Mg

Need a new fabrication method in w | ™ =3 | case

order to be able to make such double 68| Egs

heterostructures: 7ia

Phase Segregation.

TOPO
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A general method?

Phase segregation occurs

1)

2)

3)

4)

5)
6)

)

for different

organic hosts: TPD,
NPD, and poly-TPD.

solvents: chloroform,
chlorobenzene, and

mixtures with toluene.

QD core materials:
PbSe, CdSe, and
CdSe(ZnS).

QD capping molecules:

oleic acid and TOPO.
QD core size: 4-8nm.

substrates: Silicon,
Glass, ITO.

Spin parameters:
speed, acceleration
and time.

e This process is robust, but further exploration
iIs needed to broadly generalize these findings.

e For the explored materials, consistent
description is possible.

 We have shown that the process is not
dependent on any one material component.

Phase segregation - QD-LED structures

7
arg
G[‘e r

2) Solvent

1) Organic Host

6) Substrate/Anode
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EL Recombination
Region Dependence
on Current
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Spectral Dependence on Current Density
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Exciton recombination
width far exceeds the QD
monolayer thickness at
high current density.

To achieve true
monochrome emission,
new exciton confinement
techniques are needed.

TOP DOWN VIEW of the QD MONOLAYER

Device Area

Grain Boundary

Interstitial Space

| cathode |

ETL

electron Alg; EL

Monolayer Void

increasing
current

Anode

Glass

exciton density

CROSS-SECTIONAL VIEW of QD-LED
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Benefits of Quantum Dots in Organic LEDs

Demonstrated:

*Spectrally Tunable — single material set can access most of visible range.
«Saturated Color — linewidths of < 35nm Full Width at Half of Maximum.

«Can easily tailor “external” chemistry without affecting emitting core.

*Can generate large area infrared sources.

Potential:

*High luminous efficiency LEDs possible
even in red and blue.

*Inorganic — potentially more stable

CIE Diagram
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otential QD-LEDC
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longer lifetimes.

The ideal dye molecule!
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