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Triplet Emitters for LE

D Applications

Organometallic triplet emitters
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« Utilizes both singlet and triplet excitations
for emission generation (No 25% percent
limit for EL efficiency!).

* Can be tuned in very broad range of spectrum
by variation of the ligand conjugation length

* High PL (up to 75 %) and EL (15%) efficiencies
have been demonstrated

 Radiative life lifetime ~ 1-1000 uS

* LED performance is limited by triplet-triplet
annihilation and chromophore saturation




Triplet-Triplet Annihilation in Phosphors

Triplet-triplet annihilation (TTA)

T+T —>S5S+GS
T+T —->T+GS

T — triplet exciton, S — singlet exciton
GS — ground state
Rate equation for the excited
state kinetics )
N

N:_(kR+kNR)N_IB #

TTA turns on at high excitation levels or high density
of chromophore species

P —TTA coefficient

kp (kyg) — radiative (non-radiative) decay rate

s — exciton wandering dimensionality parameter
(s = 1 —no wandering, s = 0 — 3D random walk)

UCSB

TTA — limits performance of phosphorescent

light emitting diodes (PhOLEDs)
at high current densities
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Is There a Way Around TTA?

Steady-state PhOLED operation equation

:_(kR+kNR)N_IBN2+7J:O

Ratio k?,/f determines PhAOLED’s efficiency

1.0
J — injection current density .
y— efficiency of electron-exciton conversion g
S
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PhOLED efficiciency as a function of current E':'- g
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Current density (arb. units)
k
O =———"— Phosphorescence quantum PhOLED performance at high current densities
K + K yield can be improved by variation of the emission rate
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Radiative Decay Control

Tw 2 Noble metal (Au, Ag) nanoparticles
hn

Organic cap

Si0,

In a continuous medium p~ n’, ky~n
However, n = 1.4 - 1.6 for most of optical materials

TN
and does not allow significant variation of & //\:\/\
7,
What if we try to change p — local density of states H/(( EE\H

(LDOS) for the electromagnetic field?

* Surface plasmon resonance (SPR) in the
visible range of spectrum

* SPR tunable by size and environment
variation

Possible recipe: Take metal surface with resonant
electromagnetic response (surface plasmon resonance)
and place chromophore in its vicinity

* SPR coupled directly to light
* Easy synthesis and surface modification

antenna

)
g SP as a resonant
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Emission-Quenching Competition
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Metal Metal

m = 6 for point dipoles
m ~ 4 for metal nanoparticels™
m = 3 for a plain metal surface

k,oc f/r"

In order to avoid quenching, the metal and the
chromophore have to be separated spatially.

How will it affect the emission
rate enhancement?

*@G.Strouse, private communications

UCSB

"

<::| Critical distance
08
\ Singlet emitter
: \ (fluorescein)
06 \ quenching
\ Enhancement

04 *
Triplet emitter
(Ir compound)

027 % i quenching

decay enhancement (Akg/kg)

0.0
0 10 20 30 40
Distance from the particle surface (nm)

Energy transfer efficiency, Radiative

Quenching distance depends on
the oscillator strength

fil o =75/7, =118/10us =10000
R,/ R,S= 0.1

Triplet emitters can be placed close to the surface,
without loss of emission
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Blends Preparation

w A

jﬁ\s f// Dodecanethiol overcoated Au NPs

&_\ * Cap thickness ~ 2 nm
~ * Size 10 — 50 nm (broad size distribution)

/_/,J_;/(( EVW\\ * Soluble 1n non-polar organic solvents
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— TR~ 6 us Tp ~ 100us Chew, H., J. Chem. Phys., 1987, 87, 1355
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Au Nanoparticles-Doped PhOLEDs |

Spin-casted device structure

o
(o]
|

L)
lllll
1
1
v

# Chromophore Au  Polymer - Ir (10%)/PVK blend
<
Al — 2067
Ca — §
0 R -
PEDOT 1 g 0.4
Glass @
mo g Interparticle separation
0.2 — No Au
Fitting formula — 50 nm '
— 36 nm
2 2 4 — 18
k1 N ky vy N kp 1 nm
B20J \BJ B 40> 10 100
Current density mA/cm?
kAu / k ~ 2 4 SiOz Nanoparticles-doped PhOLEDs do no exhibit
R R ~ <« enhanced performance
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Au Nanoparticles-Doped PhOLEDs i

3.5x10°3

o D »
o n o

ELQY efficiency (a. u.)

PtOEP/PFO devices

[a—
S

1 :

-~ Doped sample
-o- Undoped sample

10 100
Injection current density (mA/cm?)

* Quite poor repeatability of devices

« Different slope indicates faster relaxation
in Au-doped devices

* Optical excitation measurements indicate
two-fold increase of the emission yield

* Doped devices have significantly higher
turn on voltage

ko' k, =2
vy =0.43

Improved decay rate, but worse charge-exciton
conversion efficiency (phase separation?)




PhOLEDs With Doped Transport Layer

Electrode

Ir/PVK blends

Transport layer

]

Transport layer with embedded Enhancement
nanoparticles regions

EL Efficiency (arb. units)
L
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* PhOLEDs with doped transport layer exhibit
increase of performnace

-~ Undoped device

» Effect is not due to increase of outcoupling T T T T T
efficiency (different slope of E-I curve) 50 100 159 200 250
* Increased ohmic losses in doped devices lead Current density (mA/cm?)

to thermal damage at high current density




Conclusions

* Surface plasmon-based techniques for radiative decay control in PhOLEDs have been
developed

* Interplay of different processes affecting singlet and triplet chromophore’s performance
in the vicinity of metal surfaces has been analyzed

» Two configurations of the surface plasmon enhanced PhOLEDs were developed and
tested

» Two-fold enhancement of EL yield and efficient operation at high current densities have
been demonstrated in Au nanoparticles-doped devices.
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