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Abstract

Polymer solar cells (PSCs), which are composed of two photoactive layers, bulk-heterojunction (BHJ) blends of p-type polymer
donors and n-type acceptor materials, electronics. Polymer solar cells (PSCs) have been gaining great popularity in recent
years due to their potentials to be low cost, lightweight, and flexible.

In this study, the effect of the thickness of the active layer of the solar cells on the efficiency has been studying. It has been
shown that increasing the thickness beyond 100nm decreases the efficiency of the (PSCS). The optimal thickness of the active
layer is also greatly increased from 25nm to 60nm. In addition, the devices fabricated at 300 °K .The blend consist of
Conjugated Polymer Poly (2-methoxy-5-(3’, 7'- dimethyloctyloxy)-1, 4-phenylenevinylene) MDMO-PPV as electron donor and
PCBM as electron acceptor, in a 1:4 weight ratio.

The experimental results show that the maximum efficiency is at a thickness of about 40 nm. In addition, the fill factor
decreases with an increase of thickness.

Temperature has a negative effect on the open-circuit voltage. The ideality factor, n, at 300K is about 1.6. This gives a value
of about 10 V for the rate of decrease of the open-circuit voltage with temperature.
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Introduction:

Polymer solar cells (PSCs) have piqued the interest of researchers due to their appealing
characteristics, which include excellent ambient stability, mechanical flexibility, and adaptability [1, 2,
3].The disadvantage of PSCS is that the active layer has limited light-harvesting, low charge carrier
mobility, formation of unfavorable film morphology, and so forth [4, 5]. Although a number of valid
experiments have been developed to control the size of polymer blends, the photovoltaic performance
of PSCs is still restricted by the limited categories of n-type polymers. Therefore, the selection of an
appropriate n-type polymer is of great importance for realizing highly efficient PSCs. Several notable
families of n-type polymers have been identified to date, including cyanated polyphenylenevinylene
and high electron mobility polymer poly [N, N’-bis (2-octyldodecyl)-naphthalene-1,4,5,8-
bis(dicarboximide)-2,6-diyl].alt-5,5'-(2,29-bisthiophene) (N2200) [6]. Using conjugated polymers, the
power conversion efficiency (PCE) of polymer solar cells has progressively improved [7-10]. To
fabricate polymer solar cells, mixtures of donor and acceptor materials blended in organic solvents are
employed, which have the ability to produce an interpenetrating network of heterojunctions
throughout the bulk of the active film [11-12].It is desirable to optimize the thickness of the cell for
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maximum photons absorption and maximum fill factor .Electron and hole mobility in organic
semiconductors are very small compared to that of inorganic semiconductors. This limit the thickness
of the blend, hence it limits the photons absorption.

The electron mobility in poly (3-hexylthiophene) (P3HT): PCBM at 300 °K is about, and that of the hole
is even lower, by a factor of about 5000 [13-14].It has been shown that increasing the thickness of the
blend beyond 100nm decreasing the efficiency of polymer solar cells (PSCs) [15],The effect of
temperature on the parameters of polymer solar cells (PSCs) is as follows: a Voc decreases as
temperature increases. The temperature characteristics of Isc are dependent on the active material.
Because organic semiconducting materials have electrical properties that differ with temperature
compared with inorganic materials, such as increasing mobility with increasing temperature [16, 17].
Polymer solar cells containing MDMO-PPV active materials showed a monotonic increase in ISC as
temperature increased until 65 C, at which point they became saturated [18].While the Isc of P3HT:
PCBM decreased as the temperature increased [19].

Materials and Methods:

The cell was prepared at polymer Laboratory of the Addis Ababa. Indium Tin Oxide (ITO) was used as
a transparent anode. A solution of Poly (3, 4-ethylenedioxythiophene)-poly (styrene sulfonate) with
concentration of 5mg/ml, was spin coated on the top of the ITO. The blend consist of Poly (2-methoxy-
5-(3', 7'- dimethyloctyloxy)-1, 4-phenylenevinylene) (MDMO: PPV) as electron donor and PCBM as
electron acceptor, in al:4 weight ratio. The blend was coated on the top of the PEDOT: PSS. The
aluminum electrode was evaporated over the blend at a pressure of about 6x10-6 mb. The cell is
illuminated with a 0.3 Wm-2. The measurements were taken at 300K. The of each solar cell was 1.5
mm?2 .

Results and disruptions :
The effect of temperature on the open- circuit voltage (Vyc):

The open - circuit voltage (V,.) can be expressed:

Ve =nTin 4 1) (1)
q Jo

Where n is ideality factor, K is the Boltzman constant is temperature in Kelvin ,J¢. is the short-circuit
current, ] is the saturated current density , q electron charge .

Since Jsc > Jo

KT sc

Voc = n—1In (J—) (2)
q Jo

dVgc KT Isc KT d

—r — N InG) + s arnfse —Injo) (3)

If we assume that . is intendent of temperature then (3) become:
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From Eq.(2) and Eq.(4):

dVoe _ Voo _nKT d
dT =~ dT q dT

he saturation current density can be written as:

]0 — Ce—Eg/KT

%_E_ﬂi(__)
dT ~ dT q dT* KT

dVoc _ Voc _ 1 Eg
dT = T q(T)

Due to the relatively large band-gap of organic materials ,we can assume that, at thermal equilibrium
,the Fermi level lies in the middle of the highest occupied molecular orbital (HOMO),and the lowest
unoccupied. molecular orbital(LUMO). When the cell is illuminated, the open-circuit voltage (Voc) is
given by

qVoc=F, —F, (5)

Where F,, and F, are the electron and the hole quasi-Fermi levels, and q is the elementary charge. The
upper limit for the Voc is given by the potential offset of the (HOMO) of the donor (HOMO)D and the
(LUMO) of acceptor (LUMO)A ,[1] This indicates that F,, aligns with the (LUMO)A and Fp aligns with
the (HOMO)D

For ohmic contact, the open circuit Voc ,is given by ,[20],

q Voc =(HOMO)D —(LUMO)- gAV (6)

Fixed the (LUMO) of the PCBM at a value of -4.3 eV, and obtained a relationship for Voc from (HOMO)D
[20], obtained from different heterojunction solar cells. The relationship has the form :

g Voc = (HOMO)p- (LUMO) 4 —0.3q (7)

The absorbed photons generate excitons which dissociate at the blend layer interface. The exciton
binding energy is about 0.5 eV,[21]. This requires that the offset between the (LUMO)A and the
(LUMO)D to be about 0.5 eV. Then we can write:

(LUMO)A - (LUMO)D = 0.5eV and

(HOMO)A -(HOMO)D = 0.5 eV (8)
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The band-gap of the donor is given by:
(HOMO)D - (LUMO)D = Eg (6.5) From Eq. (9)
and Eq. (63) (LUMO)A- (LUMO)D =Egz- q Voc - 0.3q . (10)

When substantiating the value of the (LUMO)A - (LUMO)D off-set in Eq.(10)

0.5=Eg-qVoc-0.3
qVoc=E; —0.8eV. (11)

dVoe

1 n
= q—T(Eg -08) — e (12

The absorption Spectrum of MDMO: PPV/PCBM is shown in Fig. (2). It is seen that the cutoff
wavelength is at 600 nm. Using the relation Eq. (13) where Eg is the band gap, h is Planck's constant,

c is the speed of light, and A, is the wavelength. The band-gap, Eg , of

MDMO: PPV/PCBM is found to be 2.1eV (substituting A =600 nm in Eq.(13) ).with Substituting n=1.6
Eqg. (14) [22],,and Fig.(1), Fig.(2)

E, = (13)

V. = %ml (14)

-25.6

-25.8 4
-26.0

-26.2

In()

-26.4
-26.6

-26.8

-27.0 T T T
0.50 0.55 0.60 0.65 0.70 0.75 0.80

Voc(v)

Figure (1):open-circuit voltage versus In(l)
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Figure (1):The absorption Spectrum of MDMO: PPV/PCBM

0q
_ musmi
-10 o m m—m—
=
- -
-20 =
J-'.

-30 4 o
= 2
S -40 4 A
o -
=
© -50 -

ol ]

0] o

|
-
-80 4
T T T T T T T T 1
0 50 100 150 200 250 300 350 400 450

T(K)

Figure (3) :Rate of open —circuit voltage( Voc)with increasing of temperature
Effect of the thickness:
The effect of thickness on fill factor was studied by taking measurements from
three solar cells with thicknesses: 25 nm ,40 nm and 60 nm. Fig.4 shows the
variation of the fill factor with thickness . The fill factor decreases as the
thickness increases. Charge recombination seems to increase as the thickness
increases, while photons absorption increases as the thickness increases. The

thickness needs to be optimized for maximum efficiency .
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Fig.5 shows the short—circuit current density and the open circuit voltage for blend
thicknesses of 25 nm , 40 nm and 60 nm. The VOC seems to be approximately
independent of the blend thickness. The short —circuit current is maximum at 40

nm thickness.
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Figure (4):Variation of fill factor with thickness
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Figure (5): Current-voltage characteristics for three cells with thicknesses : 25 nm, 40 nm and 60 nm.

Conclusion:

A model for Polymer solar cells (PSCs) has been proposed. The model has been compared with
measurements from MDMO: PPV /PCBM solar cells.The electron acceptor is preferably to have the
lowest unoccupied orbital which makes (LUMO)A-(LUMO)D offset of about 0.5 e V . Higher values of
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the offset result in the reduction of the VOC. Lower values of the offset may not be sufficient to break
the excitons into free-charge carriers.The thickness of the cell has to be optimized for maximum
efficiency. As the

thickness increases, the photons absorption increases, but the fill factor decreases.

Low cost fabrication and simple and process of Polymer solar cells (PSCs) makes them grainy elected
for the generation of electricity. To enhance the performance of organic, many requests by the
researchers in the field. This can be done upon strict research studies performed through materials
analysis to the devices fabrication and characterization, thereby inquiring about beneficial strategies
to improve the performance of these devices .
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