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ABSTRACT

Cobalt ferrite magnetic nanoparticles (CoFe,0,
MNPs) were successfully prepared by citric ac-
id-assisted sol-gel auto combustion method and
used in emissive layer of organic light emitting di-
ode (OLED). Dimensional, structural and magnetic
properties of CoFe,O,4 nanoparticles (NPs) were re-
cearched and compared by using X-ray diffraction
(XRD), scanning electron microscopy (SEM), and
vibrating sample magnetometer (VSM). CoFe,0,
MNPs were utilized at various concentrations (0.5
wt%, 1.0 wt% and 2.0 wt%) in the emissive lay-
er of the OLEDs. The luminance, current efficien-
cy and the electroluminescence characteristics of
the devices with and without CoFe,O4 MNPs were
investigated. An external magnetic field, B,,,, has
also been applied to the OLEDs doped with MNPs
while under operation. Effects of MNPs on OLED
characteristics under B,,, were studied thorough-
ly. In the tailored device architecture, poly (3,4-eth-
ylenedioxythiophene): poly polystyrene sulphonate
(PEDOT: PSS) and poly(2-methoxy-5-(2-ethyl-
hexyloxy))-1,4-phenylene vinylene (MEH-PPV)
were used as a hole transport layer (HTL) and an
emissive layer respectively with ITO/PEDOT: PSS/
MEH-PPV: CoFe,0,4/CalAl device architecture.
The obtained results of the fabricated OLEDs were
enhanced in the presence of CoFe,O, NPs under
B.,; due to providing density of states in the poly-
mer matrices. The turn-on voltage was diminished
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slightly in the device doped with 0.5 % wt MNP
compared to the devices with other concentrations
of MNPs.

Keywords: magnetic field, OLED, electrolumi-
nescence, magnetic nano particles

1. INTRODUCTION

The field of organic devices that are based on
n-conjugated organic materials has improved rap-
idly. At the moment, display and solid state lighting
technology based on organic light emitting diodes
(OLEDs) are the most immanent and developing
field [1-3]. Although important progress has been
achieved on the performance of OLEDs, further de-
velopment is still needed for gaining a place in the
market. Imbalanced charge injection, recombination
and low fraction of singlet excitons limit the per-
formances of devices [4, 5]. Using different charge
injection and transport layers that have proper en-
ergy level or doping the charge transport and emis-
sive layers are the recipe of controlling and bal-
ancing the carriers [4-8]. Device engineering and
using nanomaterials are some examples to enhance
OLED performance since radiative singlet exci-
tons have a maximum value of 25 %, which is a re-
striction on efficiency of the device [5, 9—14]. Thus,
there are various serious constraints for the devel-
opment of OLEDs. Recently, experimental and the-
oretical studies have been performed which claim
that the electron-hole recombination is spin de-
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pendent [10, 15-21]. In particular, the recombina-
tion ratio is raised by the heavy atoms embedded in
polymers [22]. Poly (p-phenylene vinylene) (PPV),
polyfluorene (PFO), and their derivatives are the
most frequently used polymers in device technolo-
gy, but they have no heavy atoms in their backbone
and 75 % triplet electron hole pair seriously lim-
it the device efficiency. Therefore, the electrolumi-
nescence (EL) efficiency is enhanced by triplet elec-
tron hole pair conversion to the singlet exciton. Hu
et al. used CoPt ferromagnetic nanowires in MEH-
PPV and iridium complex Ir (ppy) to investigate
the exciton formation [11]. When an external mag-
netic field is applied, CoPt nanowires increase the
singlet-to-triplet exciton ratio in organic semicon-
ductors that increase the singlet-to-triplet ratio. The
doping of magnetic nanomaterials in OLEDs based
on conjugated polymers has enhanced the perfor-
mances [11, 14, 23]. Sun et al. doped Co,yFe;,
MNPs in the emissive layer of OLEDs [23]. The
EL of the device was enhanced with doping, and
it was further enhanced when an external magnet-
ic field was applied to the device. The increment
in the fraction of singlet excitons and new trapping
sites by magnetic field enhanced the generation of
excitons. The pioneering studies were done in the
discovery of magnetic field effects in organic semi-
conductors in 1960s [24-27]. Recently, the effects
of magnetic field on tris (8-hydroxyquinoline) alu-
minum (III) (4/g;) — based devices were searched
by various groups [28-32]. The effect of magnetic
field on organic semiconductors is explained by ex-
citonic [33, 34] and bipolaron systems [35]. In the
excitonic model, magnetic field changes intersys-
tem conversion rates and traps the carriers in triplet
state [33, 34]. In the bipolaron model, polarons were
hopping and bipolarons were generated under mag-
netic fields [35].

Cobalt ferrite (CoFe,0,) is a kind of ferromag-
netic materials. Recently, many academic and in-
dustrial studies have been done due to the mag-
netostrictive of CoFe,0,. Magnetostriction of a
materials causes to change their shape or dimen-
sions during the magnetization. This property has
enabled applications in the surfaces on the wings of
airplanes, sensors, corrosion in pipes. In this study,
we reported and discussed the effects of CoFe,0,
MNPs doping in MEH-PPV. The hole transport
studies in the MEH-PPV and MEH-PPV: CoFe,0,
MNPs composite have been carried out in ITO/PE-
DOT: PSS/MEH-PPV: CoFe,0, MNPs/Ca/Al de-
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vice configuration. Interesting results including ap-
plied B,,, have been found in these investigations.
The doping of cobalt ferrite MNPs in MEH-PPYV re-
duces the hole mobility by way of providing density
of states (DOS), new trap sites and opened the way
for balanced injection and radiative recombination
of the charge carriers to realize improved perfor-
mance of OLEDs. These results were reported and
discussed in this study.

2. EXPERIMENT
2.1. Materials and Synthesis

All analytical grade chemicals for the synthesis,
such as ferric nitrate nonahydrate ((Fe(NOs);-9H,0),
cobalt nitrate tetrahydrate (Co(NOs), 4H,0), citric
acid and ammonia solution (30 %), were used with-
out further purification. CoFe,O4 MNPs were syn-
thesized as reported in the literature. Stoichiometric
amounts of ferric nitrate and cobalt nitrate were dis-
solved in deionized water and poured into a cruci-
ble, in a molar ratio of 2:1. While this solution was
being stirred, 2 g of citric acid to facilitate the dis-
tribution of the metal salts homogeneously and seg-
regation of the metal ions was added [36]. Then, the
pH was adjusted to 7.5 by adding ammonia to the
solution in the crucible drop by drop. The solu-
tion was heated firstly to form a viscous gel and
when the temperature reached to around 150 °C, a
self-propagating combustion process occurred and a
grey-black powder was obtained.

2.2. Instrumentation

The ITO-coated glass substrates (ITO thickness
120nm, 10 ohms/sq.) were purchased from KIN-
TEC Systems Ltd. Aluminum (4/) pellets and Ca
(99.99 % pure) was purchased from Kurt J. Le-
sker Company. PEDOT: PSS and MEH-PPV
(Mn~40.000-70.000) were purchased from Herae-
us Clevios GmbH and Sigma-Aldrich respectively.
PEDOT: PSS was filtered through a 0.45 pm mem-
brane PVDF filter. The MEH-PPYV solution was pre-
pared in toluene:1.2-dichlorobenzene (3:1) mixture
with 8 mg/cm?3 concentration and filtered through a
0.45 um PTFE membrane filter. CoFe,0, powder
was distributed in butyl benzoate at 8 mg/ml and the
mixture was stirred for 2 hours by using ultrasoni-
cation. Patterned ITO-coated glass substrates were
cleaned ultrasonically in acetone, detergent solution
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(PCC-54 2 % wt dispersed in H,0) and finally with
deionized water and isopropyl alcohol respectively.
Except for HTL, all device layers were deposited in
a glove-box system.

Hamamatsu PMA-12 C10027 Photonic Mul-
tichannel analyzer and digital multimeter (2427-
C3A Keithley) were used to measure electrolu-
minescence, current efficiency, brightness and
current-voltage relation of the devices with various
MNPs concentration. All devices were measured
in a dark sample chamber to get away any influ-
ence of ambient light. A stylus profiler (KLA Ten-
cor P-6) was used to determine the thickness of or-
ganic layers. The optical transmission spectra were
recorded using FS5 spectrofluorometer (Edinburg
Inst, wavelength range of (300-800) nm. SEM im-
ages were acquired by a Philips XL 30 SFEG. El-
emental distribution and associated spectra were
obtained by EDAX Energy Dispersive X-ray Spec-
troscopy (EDS). Electron Spin Resonance spectrum
was measured by Bruker ELEXSYS E580. The
magnetic characterization was performed at room
temperature by using a vibrating sample magne-
tometer (LDJ Electronics Inc., Model 9600) in an
external field up to 15 kOe. The crystalline structure
of the MNPs was determined with X-ray diffraction
(XRD) measurements by using a Bruker D8 DIS-
COVER with DAVINCI design using Cu Ko radia-
tion in the 20 range of 20°-70°. Spin casting of the
emissive layer was done within a controlled N2 en-
vironment in the glove-box system. All the devic-
es of this study were exposed to air after the encap-
sulation with epoxy under UV light for 3 minutes.

2.3. Device Fabrication

PEDOT: PSS was used as for the holes injec-
tion layer (HIL). A layer of PEDOT: PSS (thick-
ness ~ 60 nm) was spin-coated onto the pre-cleaned
ITO-coated glass at 4000 rpm for 30 s and then
baked at 120 °C for 20 min. This procedure flat-
tens the ITO-coated glass slides, gets rid of humid-
ity from surface and avoids short circuits. CoFe,0,
MNPs: MEH-PPV blend was prepared in the con-
centration of 0.5 % wt, 1.0 % wt and 2.0 % wt. This
blend was deposited (thickness ~ 100 nm) on top
of the holes injection layer by spin coating at 1000
rpm for 40 s then baked at under its 7, for 20 min in
N, environment to evaporate the solvents. Finally,
calcium as an electron injection layer (~15 nm) and
cathode layer of aluminium (~120 nm) were depos-
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Fig. 1. XRD powder pattern of CoFe,0, MNPs.

ited by vacuum evaporation (5 x 10-% mbar) tech-
nique. The active emission area was 9.0 mm?. The
thickness of evaporated layers was measured by a
quartz crystal monitor. The devices with ITO/PE-
DOT: PSS/MNPs: MEH-PPV/Ca/Al structure were
fabricated.

3. RESULTS AND DISCUSSION
3.1. XRD Analysis of CoFe,0, MNPs

The structure and phase purity of CoFe,0,
MNPs were confirmed by investigating their X-ray
diffraction pattern as seen in Fig. 1. All the observed
XRD peaks could be assigned to cubic spinel lattice
indicating the single phase cubic spinel structure of
CoFe,0, MNPs. The broadening of the peaks was
due to the small crystallite size. The line profile fit-
ting technique stated in Wejrzanowski et al. [37, 38]
was applied by fitting five observed peaks of the
XRD powder pattern with the following miller in-
dices: (220), (311), (400), (511) and (440) to cal-
culate the mean size of the crystallites. The peaks
matched very well with the Powder Diffraction File
(PDF) card number 00-022—1086. The line profile
fitting method revealed that the mean crystallite size
was 26+7 nm.

3.2. SEM Analysis of CoFe,0,NPs

The particle morphologies of the CoFe,0y,
MNPs were investigated using SEM micrographs.
The surface of the CoFe,0O, MNPs composed of
platelets as seen in Fig 2b. The platelet like structure
was also observed in a study by Venkatesan et al.
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Fig. 2. SEM analysis
of CoFe,O, MNPs
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where CoFe,0, MNPs were synthesized by solu-
tion combustion method. They suggested that the
formation of agglomerated particles was due to less
gas being released during the combustion process
[39]. The SEM analysis showed the agglomeration
of particles which might also be due to the magnetic
attraction of nanoparticles to each other.

In order to confirm the presence and the compo-
sition of cobalt ferrite nanoparticles, the final prod-
uct was characterized by energy dispersive spec-
troscopy (EDS) coupled with SEM unit. EDS scan
supported the presence of CoFe,0, with the inclu-
sion of cobalt, oxygen, cobalt, and iron respective-
ly. No impurity was detected in the synthesized
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Fig. 4. The magnetization of the CoFe,O, MNPs as a func-
tion of the applied magnetic field using a variable sample
magnetometer (VSM) at 300 K

98

Fig. 3. Elemental dis-
tribution and associated
spectra were obtained
by EDAX Energy
Dispersive X-ray
Spectroscopy (EDS)

of CoFe,O, MNPs
coated with gold

CoFe,0, MNPs. A profile of these four elements
was shown in Fig. 3.

3.3. VSM Analysis of CoFe,0,NPs

The magnetization of the CoFe,O, MNPs has
been studied as a function of the applied magnetic
field using a variable sample magnetometer (VSM)
at 300 K and the behaviour was shown in Fig. 4. The
hysteresis loop of magnetization indicated the fer-
romagnetic behaviour of CoFe,0O, MNPs. The field
dependent magnetization (M-H) curve of CoFe,0,
MNPs was recorded at room temperature by vary-
ing the externally applied field up to +15 kOe. The
saturation magnetization (o,) value was determined
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Fig. 6. Schematic cross-sectional structure of OLED and chemical structure of polymer used in this study — a; energy
diagram of the OLED: the highest occupied molecular orbital (HOMO) and lowest unoccupied molecular
orbital (LUMO) band energies — b

by the law of as approaching saturation, which is
also known as the Stoner-Wohlfarth (S-W) mod-
el by extrapolating the plot of ¢ (magnetization) vs
1/H? to, where 1/H? approaches zero [40]. The S-W
model accounts for single-domain and non-interact-
ing particles carrying randomly oriented uniaxial
anisotropy directions [41]. Based on the S-W model
mentioned above, the maximum saturation magne-
tization value (M,) was determined as 60.78 emu-g’!
lower than the 80.8 emu-g~! value M, for bulk
CoFe,0, [42]. The remnant magnetization (Mr)
was found as 30.69 emu-g! and the coercivity (Hc)
was determined as 1246 Oe, which was somewhat
smaller than that of bulk CoFe,0O, with a room-tem-
perature coercivity of 5.4 kOe [43]. These results
might be arising from a spin-glass shell formed as
the magnetically dead or inert layer on the surface
of cobalt ferrite nanoparticles [42, 43].

The remanence (M,) to saturation (M,) magne-
tization ratio (M,/M,) was found to be 0.50 which
was expected for a system with non-interacting sin-
gle-domain particles with uniaxial anisotropy direc-
tions [44, 45].

3.4. Photophysical Properties of CoFe,0,NPs

The photo-physical properties of CoFe,0,
MNPs in butyl benzoate thin film, which were spin
coated on glass substrates, were investigated by
UV-VIS absorption, Fig. 5. A little absorption be-
haviour was observed and correspondingly, trans-
mission values were nearly the same with glass sub-
strates. This high transmission characteristics allow
the use of MNPs in OLED devices.
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3.5. Electroluminescence Properties

Fabricated OLED device structure could be seen
from Fig. 6a. Fabrication procedure was discussed
in detailed in experimental section. It was clear-
ly seen from Fig. 6b that the HOMO energy level
of MEH-PPV polymer matched with the PEDOT:
PSS HOMO energy level, thus the transportation
of holes from ITO to emissive layer becomes eas-
ier. MEH-PPYV has also suitable lowest unoccupied
molecular orbital (LUMO) energy level (-2.75 eV),
which is high enough to transport of electrons from
the cathode, thus this improved the luminance effi-
ciency by efficient recombination of electrons and
holes in the emissive layer. The Fermi level of the
doped CoFe,O, MNPs was ~0.3 eV lower than the
HOMO of MEH-PPV. Similar to the doping of sin-
gle wall carbon nano-tubes in polymers [11, 14],
it might be derived that in this case, also the holes
may get injected into MNPs and transport via inter-
nal hopping through MNPs. To investigate the ef-
fect of the concentration of CoFe,O, MNPs on the
OLED device performances, the emissive layer was
doped with CoFe,O, MNPs in various concentra-
tions: 0.5 % wt, 1.0 % wt and 2.0 % wt.

All the devices exhibited the same luminance
values, Fig. 7a, while the device doped with 0.5 %
MNPs had maximum luminous efficiency and EQE,
0.83 cd/A and 0.43 % respectively, Fig. 7b and
Fig. 7d. The device characteristics were enhanced
upon varied concentrations of MNPs as summarized
in Table 1. Fig. 7c¢ showed the experimental I-V
characteristics of the devices at different MNP con-
centrations. The turn-on voltage values of the de-



Light & Engineering

Vol. 28, No. 2

32007 === ooooog 10 mmmmmmm e mm oo - 400 = === === mmmmmm e ooy
—&— no MNP iB =0 B = —=— no MNP ! —=— no MNP 1B_=0
2800 —o— % 0.5 MNP [ 0941B.0] —e—%05MNP | 907 —o—%0.5MNP s
—A— % 1.0 MNP L o8 —A—%1.0MNP | 80 —A— % 1.0 MNP
2400 —¥— % 2.0 MNP T —v— %20 MNP | —v—%2.0 MNP
. 2o o
£ 2000 T L
é ! §0,6 ! E 60
2. 1600 i G 05 )
8 LR z
& 1200 ! & 04 ‘ g 40
< i ® 03 I 3 30
E 800 o3 1 ©
3 bogo2 ! 20
4004 1 EXK | 10
i
0 T T T v 0,0-# T T T T T T | 0
2 4 6 8 10 0 100 200 300 400 500 600 700 3 4 5 6 7 8 9 10 11
a) b) c)

Voltage [V]

iiiii —=— o MNP

—o— % 0.5 MNP
—&— % 1.0 MNP
—¥— % 2.0 MNP

External QE [%]

0,0

Current density [mA/cm?]

2 4 6 8 10
d)
Voltage [V]

Voltage [V]

L0 e i 1
——noMNP

—— %0.5MNP |
——% 1.0 MNP!
—— %2.0MNP |

o
©

o
o

Normalized EL Intensity [a.u.]
o o
r:) S~

=)
o

' 600 700 800

WaveLength [nm]

400 500

D
~
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vices were slightly different. The conductance and
charge hopping mechanism of the devices including
MNPs were expected to increase their charge carry-
ing mobility and resulted in lower turn-on voltages.
In this study, the devices with doped MNPs showed
lower turn-on voltage compared with the device
without MNPs. The device turn-on voltage for the
emission of photons is associated with the minori-
ty carrier injection. At low voltages, [-V character-
istics showed Ohmic behaviour. At higher voltages,
I-V behaviour was found to be governed by space
charge limited conduction (SCLC). In the SCLC,
current has directly proportional with the density of
states (DOS).

As it could be seen in the Fig. 7¢, the current of
the devices with MNPs were higher than the de-
vice without MNPs, therefore doping concentration
could increase the DOS. However, due to the small
size and low concentration of the particles in the
present case, the MNPs did not form local conduct-
ing channels as in the case of nano-rods. Further, as
the MNPs were distributed homogenously through-
out the MEH-PPV layer, the probability of internal
hopping through the particles was negligible. There-
fore, the most probable way was each nanoparti-
cle served as a trap for the holes. Therefore, the
trap density was being enhanced by the doping of
MNPs in MEH-PPV. Note that the enhancement in
the net trap density in the blend did not exactly cor-
respond to the nanoparticle density. The increment

in the trapping sites was more than the density of
the MNPs in the present case. In general, the traps
were created in a system by the doping/impurities
and the structural/interfacial defects [42]. When
MNPs were doped in emissive layer interface defect
states at the MEH-PPV-MNPs interface were also
created, which could serve as trapping sites; there-
fore, the number of trapping sites increased more
than the density of the MNPs. It was also important
to note that because of low doping and good disper-
sion of MNPs, we have ruled out the possibility of
formation of conducting channels and particle—par-
ticle interaction in the present case. However, parti-
cle—particle interaction can play an important role in
the determination of device performance. Bakuzis et
al. [43] investigated particle—particle interaction in
magnetic fluids containing MNPs. The interaction
of the particles depends on their concentration. The
higher the particle concentration the lower the par-
ticle—particle distance, which increases the interac-
tion among the nanoparticles.

The EL spectra of the fabricated OLEDs were
shown in Fig. 7e. EL spectrum exhibited peak is
about 594 nm wavelength. All devices had EL emis-
sion peak at the same wavelength, namely MNPs
did not affect the morphology and dominant wave-
length of the emitted light from OLEDs.

These J-V curves were described by a power law
of J~ V"*1 and, in logarithmic scale (Fig. 8) to de-
termine the mechanisms of electrical conductivi-
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ty of the devices. At the low voltage area, the con-
duction mechanism is given by m = 1 in all devices,
therefore, this behaviour can show the hole current
contribution as a space charge limited conduction
(SCLC) mode with no traps, given by:

J=9/8 (e JuV*L3,

where u is the carrier mobility, g€, is the permittiv-
ity of MEH-PPV and L is the thickness of the sam-
ple. At the high voltage area, decrease of the current
density can be observed suggesting a trap distribu-
tion where the electrons were trapped mainly by the

Fig. 9.The light output at 6 V of OLEDs with a) no MNP,
b) 0.5 % wt, ¢) 1.0 % wt, d) 2.0 % wt

MNP, which were filled during the charge injection
in the OLEDs. In the absence of oxidizing mecha-
nism on the surfaces, the MNP should favoured the
hole injection inducing the lowering of the critical
voltage because the Fermi level of MNP was be-
tween that of the ITO and the HOMO level of the
emission layer.

In Fig. 9, the light output images of the OLEDs
with varied MNPs concentration could be seen un-
der applied voltage 6 V. In Fig. 10, the performanc-
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Table 1. Device Performances of OLEDs Depending on MNP Concentrations in the Emissive Layer
with / without Applied Magnetic Field (B,,,)

Device Turno oo Max. Max. Luminous EQE
Configuration Voltage* T.ominance Efficiency [cd/A] [%%]
[V] [cd/m?]
B.=0
Na MNP 2.05 3101 0.71 0.35
0.5 % wi MNP 2.04 2279+2 5 0.83+0.03 0.43+0.01
1.4 % wt MNP 2.01 293157 0.700.01 0.35:0.04
2.0 % wt MNP 2.04 3023+6.3 0.75+0.07 0.37+0.04
B #£0
0.5 % wt MNP 1.72 287905 0.87+£0.02 0.44+0.03
1.0 % wt MNP 2.02 2935+5.7 0.76=+0.09 0.37+0.08
2.0 % wt MNP 2.06 3108=R.8 0.91+0.10 0.47+0.04

*Turn on voltage is defined as the applied voltages when the luminance is 1 cdfm?2.
Each error was found between the pixels of the same device.

es of the devices with MNPs could be seen under
B, In our study, a 45 mT (450 Gauss) homoge-
nous magnetic field was applied to the doped de-
vices under operation. The values were also sum-
marized at the Table 1. As seen in the Table 1, the
performances of all MNPs doped devices under B,,,
were enhanced. As an example, the luminance of
the device doped with 0.5 % MNPs increased from
2279 cd/m? up to 2879 cd/m? while luminous effi-
ciency increased from 0.83 cd/A to 0.87 cd/A re-
spectively. This device had also the lowest turn-on
voltage among all devices (Fig. 7). These investiga-
tions could be applied for other MNP-doped devic-
es. Early studies demonstrated that magnetic fields
can influence the triplet-triplet annihilation process
in organic materials and can change the intensity of
the resulting delayed fluorescence signal. Addition-
ally, it was found that magnetic fields also have an
effect on the photoconductivity of organic films. Fi-
nally, a broad interest in magnetic phenomena in or-
ganics started to arise when the magnetic field effect
on device current and electroluminescent properties
of OLED devices was discovered [48—50]. In 2003,
Kalinowski ef al. discovered that in tri-(8-hydroxy-
quinoline)-aluminium (4/g;) based devices with
non-magnetic electrode materials the application
of a magnetic field of 500 mT increases the current
flow through the devices as well as their light output
by up to 3 % [29]. This novel phenomenon started
to receive increasing attention one year later when

Francis et al. demonstrated that a large change in the
resistance of more than 10 % can be succeeded in
polyfluorene based OLEDs at room temperature and
weak magnetic fields in the order of 10 mT [31].
This publication introduced the term “organic mag-
netoresistance effect” (OMR effect) and triggered
several studies in the following years. Mermer et al.
showed that the OMR effect is a general phenom-
enon and can be observed in both polymeric and
small-molecule materials [32, 50, 51]. Therefore,
the enhancement in the device performances might
be attributed to the delayed fluorescence phenome-
non because of triplet-triplet annihilation, so the sin-
glet state is formed in the system. The EL spectra of
the fabricated OLEDs were shown in Fig. 10 e. EL
spectrum exhibited a peak at~594 nm, the same as
with B,, = 0. Therefore, the application of B,,, did
not have an influence on the emitted light character-
istics but enhanced the performance of the devices.
Desai et al. have been observed that low magnetic
field can increase the triplet concentration due to an
increase in the rate of intersystem crossing from
photo-generated singlet to triplet state [44]. When
the number of triplet excitons increase, due to lon-
ger lifetime of triplet excitons compared to that of
the singlet excitons in bulk materials, dissociated
charge carriers can increase. Applied magnetic field
increases the intersystem crossing rate leading to an
increase in the triplet population, which in turn in-
creases the efficiency.
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4. CONCLUSION

In this work, we presented the effect of concen-
tration of MNPs on the performance of OLEDs un-
der B, In conclusion, CoFe,0O, MNPs were doped
in MEH-PPV and device characteristics were car-
ried out at different concentrations under applied
magnetic field. Doping of MNPs in MEH-PPV had
no effect on EL characteristics but increased DOS.
Device performances with MNPs were enhanced
under applied B,,; when the device was under op-
eration. This was an important fundamental and ap-
plied finding that could help in achieving balanced
radiative recombination of the charge carriers and
hence improved performances in OLEDs.
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