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Antagonistic responses between magnetoconductance (MC) and magnetoelectrolumines-
cence (MEL) in the polymer light-emitting diodes with an interfacial layer between Al
cathode and active layer are simultaneously measured. As the interfacial layer (tetraocty-
lammonium bromide) is used, the significant increase in the number of injected negative
polarons and the blocking of positive polarons promote the triplets-(free polaron) reaction
and provide a good explanation for the reason that electroluminescence (EL) efficiency is

ﬁeg& V:f‘;rc‘f; layer maximal in the trap free space charge limited current regime at high bias. By fitting of
Magnetoconductance MC and MEL curves using Lorentzian and non-Lorentzian empirical equations, three mag-

netic field dependent mechanisms, which are the intersystem crossing between singlet/
triplet polaron pairs, the triplets-(free polaron) reaction, and the triplets-(trapped polaron)
reaction are elucidated. The distribution of the three components is tunable by varying the
applied electric field, which primarily modulates the triplets-(free polaron) reaction rate.
The results pave a new route toward understanding the mechanism of organic spintronics
for developing of multifunctional devices.
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1. Introduction conductivity and electroluminescence [9,10]. Study of the

characteristics of magnetic field effect is essential not only

In recent years, advanced spintronic devices have been
fabricated using organic semiconductors, which exhibit
interesting electrical, optical and magnetic responses [1-
4]. This emerging field of research is called organic spin-
tronics. One of the important issues in organic spintronics
field is organic magnetoconductance (MC) which is the
study of electrical response due to magnetic field in organ-
ic electronic devices such as light emitting diodes, photo-
voltaic cells, and field effect transistors [5-8]. Applying a
magnetic field to such devices can remarkably affect their
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for understanding the underlying mechanisms in organic
MC but also for developing novel devices [11,12].

The mechanism by which a magnetic field effect on or-
ganic semiconductor is often determined by the formation
of spin-dependent excited states, including excitons and
polaron pairs (PPs) [5-10,13,14]. Applied magnetic field
can modify the distribution of both singlet and triplet ex-
cited states and can change the polaron reaction rates of
excitons [6,10,11,13,15,16]. Additionally, the magnetic
field effects of excited states depend on whether the carrier
injection is balanced or not, which can be controlled by
modifying the interfacial electronic structure and the ap-
plied electric field.

The interfacial layer between electrode and active layer
can be used to manipulate the electronic structure of inter-
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face, which is crucial for the exciton-formation efficiency
or the capacity of carrier injection and collection in organic
devices. The tunable interfacial characteristics have made a
great impact on studies of magnetic field effect in organic
electronics [11,17]. Most organic MC studies are centered
on magnetic field effect of the bulk contribution in organic
semiconductors but ignore how the interfacial structures
affect carrier injection and collection [1,18]. To prevent
damage by the diffusion of metal into the polymer active
layer and to improve carrier injection, the use of an elec-
trode buffer layer before deposition of the metal cathode
is a favorable option for polymer devices. Various buffer
layers, such as ionic salt, ionic polymer or metal-oxide
have been adopted to modify polymer devices [19-21]. Re-
cent studies have proposed that ionic salt not only serves
as a buffer layer to protect the polymer active layer from
damage during metal deposition but also creates interfa-
cial dipole to promote carrier injection and collection
[20,21]. Therefore, the use of ionic salt as cathode buffer
can significantly improve the electroluminescent efficiency
(EL efficiency) of organic devices. For example, tetraocty-
lammonium bromide (TOAB) is very effective as electron
injection layer for cathode-independent high-efficiency
polymer light-emitting diodes (PLEDs) [22].

In this work, we report the magnetic field effect on
PLEDs without ferromagnetic electrodes, Indium tin oxide
(ITO)/poly(3,4-ethylenedioxythiophene) poly(styrenesul-
fonate) (PEDOT:PSS)/green poly(9,9-dialkylfluorene) deriv-
ative (G-PF)/TOAB/Al (TOAB/Al-device), that yields
surprising results of antagonistic responses between MC
and magnetoelectroluminescence (MEL), which has never
been studied to our knowledge. We identify that the antag-
onistic magnetic responses in TOAB/Al-device can be
understood as involving three magnetic mechanisms, the
magnetic field-dependent intersystem crossing between
singlet/triplet polaron pairs [11,16], the triplets-(free po-
laron) reaction [10,24-26], and the triplets-trapped polar-
on reaction [3,11,24,25,27]. Moreover, the applying biases
can modify the relative contribution of these three compo-
nents to MC and MEL responses, suggesting that the three
mechanisms are correlated with the ability of carrier injec-
tion and the applied electric field. In particular, the pre-
dominant effect due to triplets-(free polaron) reaction
can increase electroluminescence (EL) efficiency and can
be tuned by the applied magnetic field.

2. Experimental

Devices were fabricated by spin-coating G-PF (EL emis-
sion centered at 560 nm) from 1 wt% toluene solution onto
ITO-coated glass substrates that were wet cleaned, UV/O3
treated, and then covered with PEDOT: PSS (Bayer Corp.
4083). After 6000 rpm for 60 s spin cast on the top of PED-
OT: PSS, the G-PF film was baked at 65 °C for 30 min. TOAB
was purchased from Fluka. Co. The TOAB solution was pre-
pared from 0.2 wt% 2-methoxyethanol and stirred 12 h
prior to use. A solution containing the ionic salt was
spin-coated onto the surface of G-PF at 8000 rpm for 60 s
and then the film was baked at 100 °C for 10 min. Devices
were completed by thermal evaporation of the metal cath-

ode at a pressure of 1076 hPa. All procedures, except the
casting of the PEDOT: PSS layer, were performed in a N,-
filled glove box.

The current-voltage-luminance (J-V-L) measurements
were performed using a Keithley 2400 source measure unit
and a Keithley 2000 digital multimeter with a silicon pho-
todiode (Hamamatsu S2387), and calibrated using a Photo-
research PR650 spectrometer.

As for magnetic field measurements including MC and
MEL, the devices were placed in the current direction per-
pendicular to the direction of magnetic field, and were
mounted in the middle of a vacuum tube (vacuum condi-
tion ~7.0 x 1073 hPa) which was placed between the two
magnet poles. The curves of magnetic field measurements
were averaged to eliminate the influence of drifting at dif-
ferent biases [7,23]. The MC and MEL magnitudes are de-
fined as:

AI(B) I(B) —1(0) AEL(B) EL(B) — EL(0)
<o = o 0 TR0 T B

I(B) is the current of the devices with the applied magnetic
field. EL(B) is the magnetic field dependent electrical emit-
ting intensity of the devices. All the magnetic field mea-
surements were performed at room temperature.

3. Results and discussion
3.1. The J-V-L behaviors of PLED devices

In order to study magnetic field effect of PLED, two
PLEDs were fabricated as TOAB/Al-device and Ca/Al-device.
Fig. 1a plots the J-L-V curves for these two devices. For the
sake of comparison, the detailed data of device perfor-
mances are tabulated in Table 1. At a bias voltage of
7.0V, TOAB/Al-device and Ca/Al-device show current den-
sity 462.5 and 887.9 mA/cm? as well as light intensity
34,659 and 43,915 cd/m?, respectively. The similar current
turn-on voltage and light turn-on voltage in TOAB/Al-de-
vice and Ca/Al-device suggest that the built-in potential
and the negative polaron injection barrier are similar in
both devices. At a current of 5 mA, the EL efficiency of
TOAB/Al-device and Ca/Al-device are 10.26 and 7.18 cd/A,
respectively. The lower current density (J) and the similar
light intensity of TOAB/Al-device at bias of 7 V are attribut-
able to the blocking of positive polaron in the interface be-
tween G-PF and Al, resulting in more exciton formation.
Fig. 1b plots both EL efficiency and J as functions of the ap-
plied bias in TOAB/Al-device and reveals injection, trans-
portation, and recombination behavior of polarons.
According to the full-logarithm J-V curve, the maximum
of EL efficiency in TOAB/AI-device is located at higher bias
apart from the starting point of trap free space charge lim-
ited current (SCLC) region [24,25]. This result indicates that
TOAB/AI cathode injects more negative polaron at high bias
to achieve the balanced injection. According to the J-L-V
characteristic of TOAB/Al-device, the blocking of positive
polaron and the more negative polaron injection are pro-
posed to increase the probability of interaction between
the triplet exciton and the injected negative polaron. This
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