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Control of color and efficiency of light-emitting diodes based
on polyfluorenes blended with hole-transporting molecules
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Adding low-molecular-weight hole-transporting moleculéslTM) with different oxidation
potentials to the polyfluorene emission layer of single-layer light-emitting diodes causes significant
changes in the device properties. The pronounced increase in luminance efficiency combined with
a decrease in current is attributed to significant hole trapping, as further suggested by
thermoluminescence experiments. Using a oligo-triphenylamine HTM with an ionization potential
of ~4.9eV, light-emitting diodes with stable blue emission, a brightness of 80 calhah an
efficiency of 0.87 cd/A were realized. Further, the red-emitting contribution to the spectra as
observed in the pure polymer devices could be fully suppressed20@ American Institute of
Physics[S0003-695000)05214-1

Organic light-emitting diodeOLEDs) have received 755 and N,N’-diphenylN,N’-bis-a-naphtylbenzidide(ST
considerable attention both in academic research and indu&6/7) at weight ratio 1 to 0.03. PF C26 was synthesized as
trial development due to their processibility and achievabledescribed elsewhef8.ST 755 and ST 16/7 were purchased
efficient conversion of electrical power into light outgaf.  from SynTec GmbH - SYNTHON AcMaRi Chemie GmbH
Performance of the devices is significantly influenced by thek Co. KG, Germany. All devices were fabricated at ambient
charge balance between electrons and holes since the excessditions by spin coating the polymer—HTM solution in
of one type over the other leads to an increase in current bieluene onto glass substrates covered by patterned indium—
no emission contributiof.Another factor consequential to tin—oxide electrodes and a 25 nm layer of polyethylenediox-
the efficient luminescence is aggregate formation resulting iythiophene doped with pofgtyrene sulfonaje(PEDT:PS$.

a reduction of the radiative recombination efficiency and redSamples were dried in vacuum at room temperature for 24 h
shifted emission bandsin polyfluorene(PF) homopolymers ~ prior to the evaporation of Ca/Al top electrodes. Typical
such redshifted emission bands are frequently observed imission layer thicknesseG@s measured with a Tencor
electroluminescencéEL) and photoluminescencéPL).5-®  a-step profilef were 90 nm. The overlap between the two
Either the formation of aggregates/excim®or the degrada- electrodes resulted in device areas of 5nifihe device
tion of the polymers during operation of the LED has beencharacterization was carried out in an evacuated sample
proposed. In our effort to fabricate LEDs with strongly lin- chamber.

early polarized emission, we have synthesized PFs with dif- The current—voltage characteristics of the devices as
ferent side chain patterns, some of which show redshiftedneasured with a Keithley 236 source-measure unit are pre-
emission already for the freshly prepared LEB!Here, we sented in Fig. 1. Compared to the pure PF C26 the current
demonstrate that the addition of deep hole traps at low corlensity is decreased in the case of blend emission layers.
centration leads to a stable blue emission and at the samig!iS effect was comparable or even better pronounced in

time significantly improves the device efficiency and bright-Other PF hosts. Based on the energy level scheme in Fig. 2,
ness. all HTMs will act as hole traps, while not affecting electron

Single layer OLEDs were prepared from p@y7- transport to a large extent. It has been shown that addition of

(9,9-big2-ethylhexy})co-(9,9- big(39-3, 7-dimethylocty)) dopands with lower oxidation potential at a concentration of
qu,orene) (PF C26 and i,ts blends ;Nith several low- & few percent leads to a drastic decrease in hole drift

molecular-weight hole-transporting molecul¢sTMs)—a mobility.** More important, trapping of holes will cause a

triphenylamine derivative(TPTE),%? starburst amine(ST ~ SPace charge field, which adds to 'Fhe.appl]ed external field.
As a consequence the total electric field is reduced at the

anode and enhanced at the cathtdié.the current through

dpresent address: Institute of Physics, University of Potsdam, D-1446?he device is affected by charge carrier injection as indicated
Potsdam, Germany. ’

bAuthor to whom correspondence should be addressed; electronic maiPy the energy diagram in _Fig_. 2, this additio_ne" fie_l(_j V\_/i”
neher@rz.uni.potsdam.de moreover aggravate the injection of holes while facilitating
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FIG. 1. Current—voltage characteristics of the LEDs based on polyfluorene . )
and its blends with different HTMs: pure PF C2@), PF C26:TPTE "G 3. EL spectra of the different layers: PF C@6), PF C26+ TPTE

(A), PF C26rST 755 (# ), and PF C26-ST 16/7 (v), at a concentration (=) PF C26+ST 16/7 ( -- --), PF C26rST 755 (- --). Also shown is
of the HTM of 3 wt %. The inset shows the luminance vs current charac-the PL spectrum of PF C26.-.). The inset shows the normalized thermo-
teristics. luminescencéTL) glow curves of pure PF C2@urve 1 and blended with

3 wt% TPTE(curve 2, recorded at a heating rate of 7 K/min.

the injection of electrons, thus improving the carrier balance. ) ) o o
This interpretation is supported by the luminance-versusP’EDT is hole dominated and that the emission intensity is
current density dependence of the devideg. 1, insel In limited by el_ectron injection. These observzigons are in
all cases, addition of the HTMs enhances the efficiency com@dreement with conclusions by Pommereknal.™ that the
pared to the pure PF C26 devices. As the current decreas§hancement of efficiency due to a reduced mobility of one
and the luminance efficiency increases upon addition of th@f the charge carriers is most prominent if this carrier is

HTMs, we propose that the current in the configuration withinjected through the lower barrier. Previous investigations of
the same doped layers in devices without PEDT:PSS showed

. a decrease in onset voltage for both current and emission in
Q@Qg comparison with pure polyfluorene. In this case, hole injec-
tion seems to be the limiting process for the overall device
QD performance.
@ Addition of the HTMs significantly affects the EL spec-
l { tra as displayed in Fig. 3. Three main peaks can be identified:
exciton emission at-425 and 448 nm and a broad band at
183 eV ~527 nm. Upon blending the peak positions are not changed
2.1eV but the blue excitonic emission bands representing the inher-
ent characteristics of polyfluorenes become far more pro-
Ca29eV nounced. For comparison, the spectral shape of the corre-
sponding PL spectra remained almost unchanged. Note that
ST 16/7 similar effects, but to a much weaker extent, have been ob-
PF served in a ladder type pdlyphenyleng’® which has an
ITO+PEDT| 4 06 eV oxidation potential of 5.5 eV.

5.2 eV 53 eV In the following we want to outline a mechanism for the
.+ A observed increase in blue emission intensity upon addition of
' - ‘ HTMs based on hole trapping. As the red emission contribu-
tion is already observed when turning on the freshly prepared
devices, its origin cannot be related to device degradation.
Also, its relative intensity in EL is much higher than in PL,
suggesting that the species causing it are already present in
the ground state and predominately populated due to charge
carrier trapping.’ Due to the low ionization potential, the
HTMs might compete with these sites with respect to hole
FIG. 2. Chemical structure and energy level diagrams of the used comtrapping in the blend emission layer. Those holes might
pounds. Highest occupied molecular orbitdloMO) levels of ST 755, ST ayentyally became detrapped and recombine with an electron
16/7 and PRRef. 23 were determined from cyclic voltammet(€V) mea- . .
surements and in the case of TPTE by X-ray photoelectron spectroscop na nearby PF chain, prowded that the HTMs are molecu-
(XPS) (Ref. 12. The PEDT:PSS work function was taken from Ref. 24. The larly dispersed in the PF layer. Interestingly, the spectral
lowest unoccupied molecular orbitdlUMO) level position of PF was also changes are far less pronounced and less reproducible in case

estimated via CV and the optical gap was found to be 2.95 eV. For all th ~ e
other compounds the LUMOs were calculated by adding the optical banz)f the starburst type ST 755, even thoth its influence on the

gap to the HOMO values, which underestimates the true HOMO-LUMoCUITeNt and emission intensity is clearly visible. Similar ef-

distance. fects have been observed for another starburst-type HTM-
Downloaded 11 Feb 2008 to 128.125.22.109. Redistribution subject to AIP license or copyright; see http://apl.aip.org/apl/copyright.jsp
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TABLE I. EL efficiency, brightness and CIE color coordinat@seasured
with a spot photometgMINOLTA CS-100) of devices with blend emission
layers for a HTM concentration of 3 wt. %, compared to a pure PF C26
device at a driving voltage of 11 V.

Dopand None TPTE ST 755 ST 16/7
Luminance (cd/M) 70 800 110 160
Efficiency (cd/A) 0.04 0.87 0.08 0.15

X 0.283 0.166 0.187 0.176
y 0.366 0.126 0.163 0.128

(SynTec ST 638 Most likely the nonplanar shape of the
molecules reduces the compatibility with the rod-like poly-
fluorenes, leading to phase separation phenomena.

The interpretation that the introduction of HTMs modi-
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