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High efficiency has been achieved in polymer light-emitting diod@kEEDS exhibiting red
emission by doping a fluorescence host material, (votylcarbazole (PVK), with an iridium(lll)
complex, bi§2—(2’—benzothien))kpyridinato—N,C?’]iridium(acetylacetona)e(Bthr). The electro-
luminescence spectrum has a maximum wavelength of 614 nm. The highest external quantum
efficiency is 3.3%. Due to its short triplet excited lifetinte5 us), the quenching of the triplet
exciton in Btplr-doped PVK PLEDs has been shown to be suppressed compared to
platinunll)-2,8,12,17-tetraethyl- 3,7,13,18-tetramethylporphyrin-doped PVK PLEDs. 65% of the
peak efficiency can be sustained at high-current density and at the very high brightness of 1350
cd/nf. We suggest that both triplet—triplet annihilation and polaron—triplet annihilation involves
exciton quenching. €2002 American Institute of Physic§DOI: 10.1063/1.1462862

Polymer light-emitting diodePLEDS are promising By virtue of the strong spin-orbit coupling of the heavy
candidates for the next-generation displays, particularly fometal center, Ir complexes usually have efficient phosphores-
portable electronic devices such as cellular phdn@se of  cence and short lifetimes, which typically range from 1 to 14
the major concerns for the displays on portable devices is thas!! The shorter exciton lifetime makes Ir complexes more
quantum and power efficiencies of the PLEDSs, since thesattractive candidates than platinum porphyrins, which usu-
are directly related to the battery usage. One common way tally have about one order of magnitude longer lifetime. By
enhance the quantum efficiency of a PLED is to dope polylowering the ligand triplét (mw—=*) energy level, Ir com-

mer host materials with dyes having high-photoluminescencglex, big2-(2'-benzothienytpyridinato-N,G' Jiridium(acet-

(PL) efficiency? This way significantly cuts down the con- yiacetonatg (Btplr), with red emission has been synthesized
centration quenching by isolating emitting sites. Recentlygnd successfully used as the dopant to fabricate high-
phosphorescent dopants have been successfully used in @ficiency ~small-molecule  organic  electroluminescent
ganiC Ilght-emlttlng dIOde$OLEDS) to improve the device devicesl_lvlz In this Study, the h|gh performance of Btp|r-
performance by breaking the spin conservation rule. The ha'ijoped polymer light-emitting diodes is reported. The high
vesting of both singlet and triplet excitons has led to veryefficiencies have been achieved at both low- and high-
high-efficiency OLEDS*The high efficiency of red PLEDS  ¢yrrent-density regimes. Exciton quenching is also investi-
doped with the phosphorescent dopant, platiinporphy- gated and discussed in this manuscript.

rins, have also been demonstratefiHowever, for most of Two polymers, polwinylcarbazol¢ (PVK) and
these LEDs, the device quantum efficiencies drop fapid')boly[g,9-bi§octyl)-f|uorene—2,7—diy] (PP were chosen as
with increasing current density, and consequently with thehe host materials for the PLEDs. For comparison, Btplr and
brightness, due to the long phosphorescent lifetime. Tripleptox were used as dopants. To achieve charge balance, two
excitons relax much more slowly and can potentially causgypes of PLED structures were designed for the two different
saturation of the emission sites. In addition, two possibleygst materials, respectively; type |1 ITO/PEDOT/PVK—
triplet exciton quenching mechanisms, triplet—tripldT)  ppp-dopant/Ca/Al and type II: ITO/PEDOT/PVK/doped PF/
annihilatior! and polaron—triple(PT) annihilatio?'® have  ca/a. Bilayer electrodes, consisting of indium—tin—oxide
been proposed. For phosphorescent OLEDs, the majqiTo)/glass substrate coated with a thin layer of conducting
quenching has proved to be TT annihilatibiThe longer polymer (PEDOT 3,4-polyethylenedioxythiophene—
lifetime for triplet excitons actually diminishes one of the polystyrenesulfonaje were used as the anode in all of our
advantages of dye doping of organic light-emitting deviceSgeyices. For optical measurements, such as photolumines-
the ability to eliminate concentration quenching. One way tQ:gnce spectra, thin films of polymers were spin coated from
remedy these problems is to use dopants with shorter triplefs|ytion onto quartz substrates. For type-l devices, a single

exciton lifetime: layer of polymer(PVK) consisting of 2t4-biphenyly)-5-(4-
tert-butyl-pheny)-1,3,4-oxadiazoléPBD), an electron trans-

dElectronic mail: yangy@ucla.edu port medium, at 1:1 weight ratio and light-emitting dopants
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FIG. 1. The photoluminescence intensities of dopants, PtOX and Btplr, irf |G 2. Current-light-voltage curves of PLEDs with 4% Btpir-doped PVK
the PVK/PBD matrix as a function of dopant concentration. The PL inten-as the emitting medium. Inset shows electroluminescence from the same
sities were measured at 647 nm and 614 nm for PtOX and Btplr emissiorfievice.

respectively.

subpixels of CRT displays. The EL emission spectrum was

were used as the active material. For type-II devices, bilayeindependent of the current density, and no host emission was
polymer films consisting of a 20-nm-thick hole-transporting observed. This implies that there was efficient energy trans-
layer (PVK) and a second layer of PF doped by iridium fer from PVK to Btplr under electrical excitation. On the
complexes were used as the active medidthThe thick-  other hand, the optimized dopant concentration for the Btplr-
nesses of these two types of devices a0 nm. Calcium doped PF device was 5 wt %. The highest quantum efficiency
(500 A)/aluminum (1000 A) bilayer cathodes were used in obtained was 2.4%, while the maximum brightness was
all of our devices. Thermal evaporation of the calcium wasabout 800 cd/m All the device performances are summa-
carried out at X 10 ® Torr vacuum, followed by an over- rized in Table I. PtOX-doped devices with corresponding
coating of the aluminum layer. All devices were fabricatedconcentrations are listed for comparison. From Table |, one
and tested under nitrogen environment. can clearly see that the PVK devices have a better perfor-

The self-quenching of PtOX in PF thin films has beenmance than PF devices, which we attribute to the more effi-
reported®’ Similar phenomena can also be observed whermient energy transfer from the host to dopants and better
PtOX is doped into PVK films. Figure 1 shows the PL inten-triplet exciton confinement on the dopanitsThe fluores-
sities of the host and of the dopant at different PtOX conceneence of PVK comes from excimer emission, and hence, has
trations in the PVK:PBD thin films. As expected, energya longer lifetime(~35 n9.}* The host triplet exciton life-
transfer from the host to the guest was observed. Howevetimes of PVK and PF are about 100 and 2.5 ms,
when the dopant concentration exceeded 3 wt%, the emisespectively® It was reported earlier that a longer lifetime of
sion from PtOX went down. The long lifetime of the PtOX the host material can facilitate the energy trandfér.
exciton increases the probability of self-quenching, such as As shown in Fig. 3, the quantum efficiencies of these
by excimer formation or TT annihilation. On the contrary,
when Btplr, which has a shorter lifetinfe-5 us), was doped
into PVK/PBD mixing thin films, the emission from Btplr
increased with dopant concentration in the beginning of the

TABLE I. Device performance of type-l and type-Il devices.

QE at high-current

; ; ; Maximum QE densit Maximum
doping process and then steadily saturated. By comparing Dopant atm A/cm? atm A/c?'ﬁ brightness
these two different results, we conclude that the selfy, W%  brightnesscd/im®)  QE/maximum QE  (cdin?)
guenching can be suppressed for Btplr-doped PVK thin films
due to the shorter lifetime of Btplr excitions. Thus, we ex- N 3-37% 2.2%
pect the Btplr-doped PLEDs will have the better perfor- tpIr(4%) i’w 6850% 1400
mance.

Figure 2 shows thé—L-V curve of the PVK device PVK
doped with 4% Btplr. The light turn-on voltage, defined ar- PLOX(4%) 2551% o.gg% 270
bitrarily as the brightness of 0.1 cdnwas 6.5 V. The maxi- 8 32%
mum external quantum efficiency and the highest brightness
were 3.3% and 1400 cdfnrespectively. The inset of Fig. 2 2:4% 1.0%
shows the electroluminescen€EL) spectrum of a Btplr- Bpir(5%) 1253 4%5;) 800
doped PVK device. The EL spectrum maximum was at a
wavelength of\ =614 nm, and the red electrolumines- PF . ,
cence is identical to the PL emission. The Commission PLOX(5% 1i27/0 o.gg/o 125
Internationale de L'Eclairage chromaticity coordinate is 12 21%

(0.66,0.33, which is very close to the NTSC standard for red
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ever, unlike the phosphorescence OLEDs, in which quantum
L _ (@ efficiencies of host-only devices either increase with or are
' - \ independent of current densities in the operation current
region’®!’ quantum efficiencies of host-only PLEDs de-
crease with current density after reaching the maximum
value (Fig. 3). Comparing with the curves in Fig. 3 of PVK
\ host-only device and Btplr-doped PVK devices, a similar
PtOX rolloff of the quantum efficiency can be observed. This im-
- — PtOX plies that the limitation of QE in the device does not only
come from the TT annihilation at the dopants, but is also
associated with the host material. The quenching of excitons
1 10 100 1000 by polarons or at the cathode are equally important.

Current Density (mA/cm?) In conclusion, high efficiency in a red polymer light-
emitting diode has been achieved by doping with Bptlr, an Ir
complex, into PVK. Due to the short triplet excited state
lifetime of Btplr, 65% of the peak efficiency can be sustained
at high-current densities and high brightness, 1350 &d/m
The limitation of the QE probably comes from the host ma-
terials itself. While the PT annihilation model has been
. proved not to be the major quenching mechanism in triplet—
" Host emitter-doped small molecular OLEBst is likely to be an
important quenching pathway for the PLEDs studied here.
Both TT and PT mechanisms probably play an equal role of
limiting the performance of phosphorescence PLEDs. Details
of the quenching mechanisms are under investigation.

log[Normalized QE]
7

(b)

log[Normalized QE]

1 10 100 1000 This research is supported by the National Science Foun-
Current Density (mA/cm?) dation(ECS-9733355 the Air Force Office of Scientific Re-
search(F49620-00-1-0108 DARPA, and Universal Display

FIG. 3. Normalized external quantum efficiencies vs current densit{afor
doped and undoped PVK devices afil doped and undoped PF devices
using different dopants.
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