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Abstract:

Fabrication of a photodetector consists of the conjugated polymer "MEH-PPV"- poly (2-methoxy-5-
(2'-ethylhexyloxy)-1,4-phenlenevinylene) and MEH-PPV:MWCNT nanocomposite thin film. The volume
ratio investigated was 0.75:0.25. MEH-PPV was dissolved in chloroform solvent and doped with MWCNTS.
The spin coating method was used to achieve a facile and low cost photodetector. The absorption spectrum
decreases by adding the CNTs. The PL spectrum detected recombination curve results by doping the
polymer with CNTs, and AFM measurement showed an increase of roughness average from (0.168 to
2.43nm) of "MEH-PPV" and "MEH-PPV:CNTs", respectively. The doping ratio 0.25, which has a higher
photoresponsivity, was evaluated at 1.70 A/W and 2.14 A/W of the UV and Vis. wavelength range. Time-
dependent photocurrent analysis showed that the higher sensitivity was 176.56 % at 350nm and 290.99% at
500 nm of the "MEH-PPV:MWCNTSs" thin films, while I-V characteristics showed a rectifying behavior.
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Introduction:

In the last few decades, photo detectors The fundamental property in a conjugated
have been extensively studied in various fields such system is m-electrons which are more mobile than c-
as biomedical imaging, night vision and optical electrons. Thus, the m-electrons can move by
communications because of their potential hopping from position to position. These =-
applications(1-5). Low-cost applications of organic electrons permit light absorption such as in (solar
material solar cells and photodetectors have cells) and light emission such as in (OLEDs). The
garnered attention in a wide area (6-8), along with Highest Occupied Molecular Orbital "HOMO" and
the fabrication of organic devices using low-cost Lowest Unoccupied Molecular Orbital "LUMO"
methods based on evaporation or printing and correspond to the molecular (m-n*) orbital (15).
coating on different substrates (9). These include MEH-PPV is defined as (poly (2-methoxy-5-(2’-
not only traditional substrates for electronics like ethylhexyloxy)-1,4-phenylenevinylene)), the
glass or silicon but also metal foils and polymers common usage of organic polymer is due to the
(10). The combination of organic photodiodes with sensitivity of its photo physics and polymer group
micro- and nanostructures is promising, as the steps  to rigid state morphology (16).Also, MEH-PPV is
necessary for production to manufacture these known as electron donor (17) and perfectly excite
devices is easy. The organic photodiode is a  generators in optoelectronic application (18).
nanotechnology research object itself since the Comeparatively, it is characterized as having low
device operation depends on a nanocomposite conductivity because of low hole and electron
system such as a conjugated polymer and a mobility in contrast to inorganic semiconductor
functionalized fullerene(11-13). Organic molecules material (17). "MEH-PPV" is organic conjugated
with m- conjugated structures accommodate a polymer; it is known as an incoming material that
variety of new materials with metallic and collects optical and electronic properties (19). The
semiconducting properties (14). A conjugated development of nanomaterial that is based on
system consists of alternation between single and carbon nanotube and detection of carbon nanotube

double bonds. have piqued the interest of researchers (20). The
"Department of Physics, College of Science, University unique properties of carbon nanotube attracts a
of Baghdad, Baghdad, Irag. attention in many applications such as electronic
“Ministry of Science and Technology, Laser and  structures (21) and, biological systems (22). The
Optoelectronic Center, Baghdad, Iraq composites of carbon nanotubes with conducting
Corresponding author: odourflower25@yahoo.com polymers were used in different applications in the
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past such as polymer light emitting diodes PLED
(23, 24), sensors (25), and photovoltaic cells (26).
The extended and comprehensive applications of
carbon nanotube with polymer composites have
perhaps led to those in the scientific community to
consider CNTs a part of the polymer family (27).
The previous studies were concerned with
photodetection., Dhinesh B. V. et . al., fabricated
mechanically flexible 2D organic-inorganic hybrid
thin film photodetectors that consist of inorganic
MoS, and organic ¢g-C3N4 nanosheets for
broadband photodetection with ratios (5:5 hybrid
films) which exhibited excellent photodetection
performance in terms of ON/OFF photocurrent
ratio, specific detectivity, responsivity, and response
time with both 365 and 532nm illumination (28).
Xiaopeng Guo et. al.,, fabricated an organic—
inorganic hybrid UV photovoltaic detector with a
large  responsivity of 40mAw?® in an
Al/PFO/Zno/ITO structure. This study paves the
way for developing large-array, high-performance,
high-uniformity, light-weight and low-cost UV FPA
detectors(29).

Materials and Methods:
Preparation of Multi Wall Carbon
(MWCNT) and MEH-PPV solutions:

The black powder (MWCNT) was first
weighted at 10mg and dissolved in 10ml of (N,N-
dimethylfromamide DMF) as a solvent to obtain the
concentration of 1mg/ml. The solution was placed
in a magnetic stirrer for 6 hours and then sonicated
for 8 hours to obtain a homogeneous solution, and
was then diluted to the concentration of 0.01mg/ml
of MWCNT.

The concentration of the polymer MEH-
PPV, Sigma-Aldrich, M,=(40.000-70.000)g/mol,
was prepared by weighting 10mg and dissolving in
10ml of chloroform (CHCL,) as a solvent, to obtain
the concentration of 1mg/ml. Next, the "MEH-PPV"
solution was doped with MWCNT solution and
sonicated to enable these solutions to mix well with
a volume ratio (0.75:0.25) of "MEH-
PPV:MWCNTSs" nanocomposite solution. The
MEH-PPV:MWCNTs nanocomposite solution was
deposited on Si substrate (111) using the spin
coating method at 1500 rpm for 1 minute, then
dried at 100°C to remove any residual solvent.
Finally, electrical contact made from aluminum
metal was deposited on the top of the film using the
thermal evaporation technique. A spin coating
system (ACE 200) was used in this study, surface
of the thin films was carried out using an Atomic
Force Microscope(SPM, Model AA3000), tip
NSC35/AIBS from Angstrom Advanced Inc (USA),
while UV-Vis measurements were conducted using
an (OPTIMA SP-3000 UV-VIS spectrophotometer)

Nanotube
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with a wavelength range from 190-1100nm. PL
measurement was done using an Agilent Tech.
Fluorescence spectrophotometer. The
SPECTROFLUOROMETER DETECTOR (RF-
551) ver. 2.3A programmable and scanning’ was
used, to measure the responsivity of the
photodetector with the range of incident
wavelengths(200-900nm), by using a FIUKE,
8846A -6-1/2 DIGIT precision multimeter. 1-V
characteristics are measured in a forward and
reverse  bias circuit using a DIGITAL
PICOAMMETER (Model:DPM-111). Fig. 1 shows
the structure of photodetector device. To calculate
the spectral responsivity of the tested detector (i.e.,
the responsivity as a function of wavelength), the
photocurrent density generated from the tested
detector is simply divided by the calculated power
density as shown in the following equation:
R(2)=]pn(2)/Pin(R) (1)

where Jgn(A) is the photocurrent density from the tested
detector and P;(A) is the incident power density
measured with the photodetectors as a function of
wavelength(30).
S:(Iph-ld/Id)*lOO%
where S is the sensitivity, |, is the photocurrent and Iy is
the dark current which can be calculated from the tested
detector (31). In this work, we demonstrated that the
conductive polymer and nanocomposite materials of
MEH-PPV:MWCNT enhance the responsivity of
the emission spectrum by adding CNTs as a
photodetector device .

Al electrode

‘ ‘ ‘ ‘ ‘ Sisubstrate

Figurel. Structure of the photodetector device

MEH-PPV or MEH-PPV:MWCNT
nanocomposite thin films

Results and Discussion:
Structural Properties

The morphology of dispersion CNTSs in an
organic polymer as a nanocomposite material was
investigated by analyzing the surface morphology,
using AFM images obtained in the tapping mode on
area approximately (2.05 x 2.05) um?, as shown in
Fig 2. For the pure "MEH-PPV" and "MEH-
PPV:MWCNT" a volume ratio of 0.75:0.25 was
used for thin films.

Figure 2a illustrates (2D) and (3D) images
of surface morphologies, and the dispersion of the
polymer grain is uniform; this is due to the
deposition method of choice: 1500 rpm spin coating
speed and a suitable evaporating solvent, Fig 2b-
(2D) image. The dispersion of CNT can be
observed, which is indicated by the blue color
arrows and these arrows illustrate the position of
CNTs in 3D images, CNTSs act as a filler resort to
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fill the matrix of the polymer. MWCNT bundles can
be observed as shadow bundles, which show that
the organic polymer has wrapped around the
bundles of carbon nanotube. This cross grid of
interconnected carbon nanotube; could create an
efficient  charge  transport  between  the
interconnected conductive paths of MWCNTSs and a
high optical transparence level due to its evolution
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structure (32). The average roughness of "MEH-
PPV" (pure) and "MEH-PPV:MWCNT" thin films
is 0.168, 2.43nm , respectively. The increase of the
surface roughness is due to the formation of
aggregation of the carbon nanotube within the
polymer. The morphology study offers a mighty
dependence on the carbon nanotube in the polymer
matrix.

(b)

Figure 2. AFM images (tapping mode) 2D (left) and 3D (right) of "MEH-PPV" and ""MEH-
PPV:MWCNT" nanocomposite,(a) ""MEH-PPV" (pure), (b) "MEH -PPV:MWCNTs"

Optical Characterization

A bsorption spectra of the organic polymer
"MEH-PPV" and "MEH-PPV" doping with CNT
nanocomposite thin films were carried out as shown
in Fig 3. Two peaks have been shown in both
spectra ranging from (300-375)nm for B-Band and
(375-620)nm for Q-Band. The spectrum of the

polymer decreased by adding the CNT. This
indicates that CNTs incorporate into the MEH-PPV
matrix without modifying the chemical structure of
the polymer and it is likely that molecular orbital
hybridization between the HOMO of MEH-PPV
and LUMO of MWCNTSs is achieved and this result
agrees with (14,33).
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Figure 3. Absorption spectra of ""MEH-PPV' (pure) and "MEH-PPV:MWCNT".

Figure 4 demonstrates the
photoluminescence spectra of the organic polymer
"MEH-PPV" and "MEH-PPV:MWCNT"
nanocomposite: the photoluminescence peaks were
in the range of (530-800)nm and excited by the
wavelength 300nm. In the result there is no
guenching spectrum but the PL intensity of the
MEH-PPV:MWCNT nanocomposite increases in
contrast to the pristine polymer “MEH-PPV”, this
may be due to the probability of the occurrence of
recombination which will create an electron—hole
pair. This is useful in an OLED application, and
our result agrees with (34). The PL quenching
process occurs through charging separation growing
from the organic polymer to the carbon nanotube,
photoinduction that happened through electron
transfer causing an exciton dissociation at the
interface between the polymer-carbon nanotube
(35). The charge transfer process from polymer,
which is considered a donor to the MWCNT, which
is itself considered as an acceptor, is still occurring
until the absorption process of light, dissociation,
and charges causes separation at the interface of the
polymer-carbon nanotube (36). The red shift is
observed which is around 8.98nm of MEH-
PPV:MWCNT nanocomposite . This may be due to
the variation of effective organic conjugation length
in addition to the carbon nanotube (37);, the energy
gap reinforces the red shift and is calculated using
the Eq. Eg =1240/\ decrease by doping the pristine
polymer from 2.066 eV to 2.036eV.

=== . MEH-PPV (PURE)
gn MEH-PPV:MWCNT]

PL Intensity (a.u.)

Wavelength (nm)

Figure 4. photoluminescence spectra of MEH-
PPVand MEH-PPV:MWCNT at A =300nm

Electrical properties

Figure 5a shows the responsivity of organic
MEH-PPV and nanocomposited MEH-
PPV:MWCNT. The active common wavelengths of
both spectra are in the range between (250-425)nm
and (425-550)nm. The generated photocurrent
showed a noticeable wavelength dependence, after
illumination with wavelength excitations in the
range of (200- 900)nm. The results indicate that the
photocurrent gradually increases when doping the
polymer with MWCNTSs. The responsivity value
that was calculated using Eq.(1) increased by
adding CNTs from 0.82 A/W to 1.70 A/W of the
wavelength range (250-425)nm and increased from
0.91 A/W to 2.14 A/W of the wavelength range
(425-550)nm. The nature of the charges’ transfer
depends on the optical properties for both organic
polymer and carbon nanotube as well as surface
properties of the nanotube (38). AFM measurement
supports the dispersion of CNT on the surface,
regardless that CNT is homogenously distributed.
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The rate of the responsivity increased according to
the photocurrent, this was due to high electrical
conductivity of the carbon nanotubes. Thus, the
resistance of the organic polymer reduced after
doping the CNTs. Moreover, the polymer that is
considered the (donor) is regulated by incorporation
with CNTs considered as the (acceptor). The

nanocomposite exciton photogenerated
lighting conditions,

polymer under

in the
and then

diffused to interface between the acceptor and
donor, the charge transport of the hole carrier from
donor to the positive electrode and the electron

from acceptor to the negative electrode and then the
total charge carrier stream through the external
circuit and created electricity (39). For the time-
dependent photocurrents, the sensitivity was
measured of the selective wavelengths 350 and
500nm, and the values obtained were 19.23% and,
32.41%, of MEH-PPV (pure) respectively, and
176.56%, 290.99% of MEH-PPV:MWCNT
nanocomposite  photodetector  respectively, as
shown in Fig (5b-e). From these Figures, one can
observe square pulses which refer to the fast
response at these light wavelengths.
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Figure 5. The spectral responsivity (a) and the time-dependent photocurrent of the MEH-PPV (pure)
photodetector under (b) Aex. 350 NM, (€ ) Aex. 500 Nm, and MEH-PPV:MWCNT photodetector (d) Aex
350 Nm, (e ) Aex, 500 NM
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Figure 6 show the I-V characteristics of
MEH-PPV  (pure) and MEH-PPV:MWCNT
nanocompsite in both dark and illuminated
condition with a halogen lamp. We can observe the
Al metal contact and organic semiconductor form
Schottky contact. In dark conditions the weak
voltage observed in the reverse bias current and
exponential increase in the forward bias current are
the characteristic properties of rectifying contacts of
the MEH-PPV and MEH-PPV:MWCNT, as shown

in Table 1. In illuminated conditions, the current
exponential increased in the forward bias current
approximately 100 times more than the pure
polymer in the case of MEH-PPV:MWCNT, while
the current exponential increased in the reverse bias
current approximately 400 times more than the pure
polymer of MEH-PPV:MWCNT. This is due to the
CNTs as a network contact, dissociation exciton
center, and charge transport channel.
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Figure 6. Current voltage (I-V) characteristic of (a) MEH-PPV (pure), (b) MEH-PPV:MWCNT
under dark and illuminated condition

Table 1. the I-V curves position of "MEH-PPV"'
and "MEH-PPV:MWCNT"

I-V curve point  1-V curve point

position position of
Types state of MEH-PPV  MEH-PPV :
(pure) MWCNT
fog‘i";asrd (1,4100) (1,782000)
Dark case reverse
bias (-1,-3100) (-1,-242000)
forward
Ilumination bias (1,18200) (1,1922000)
case reg’gsse (-1,-6080) (-1,-2500000)
Conclusion:
Organic MEH-PPV and MEH-

PPV:MWCNT nanocomposite photodetectors were
successfully demonstrated in this study. Using the
spin coating process and the fabricated device
showed excellent rectifying characteristics in both
dark and illuminated conditions, and the
photoresponsivity increased when the polymer was
doped with MWCNTSs at the 0.25 ratio, while the
sensitivity increased from19.23% to 176.56% at
350nm and from 32.41% to 290.99% at 500nm. The
enhancement of photocurrent in the UV and visible
region is attributed to the dispersion MWCNT as a
filler, dissociated charge center and transport
charge channel, owing to their corresponding light

absorption region and thus to the generation of
charge carriers. This suggests that a MEH-
PPV:CNT nanocomposite photodetector is useful
for both UV and visible light detections.

Conflicts of Interest: None.
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