
Organic Solar Cell Characterization

Eitan J. Lees

August 1, 2012

Abstract

This summer I developed a solar cell characterization station to source voltage and measure current on organic solar
cells (OSC) that were fabricated in the laboratory. The OSCs that were fabricated in the laboratory were made from
P3HT (poly(3-hexylthiophene-2,5-diyl) and C60 in a bulk heterojunction solution dissolved in a dichlorobenzene (DCB).
The P3HT:C60 solution was spin coated on to indium tin oxide (ITO) coated quartz and plastic substrates. To control the
voltage source meter and the lamp modifications, corrections, and updates were made to an in house LabView program
for data collection as well as interfacing with the statistical software OriginPro. Before the fabrication process could
begin, the design of the testing station needed completion as well as a run of efficiency tests on a commercial solar cells
to calibrate the whole characterization apparatus. After the OSC’s were spin coated, optical images were taken as well as
atomic force microscopy (AFM) on the samples to characterize the topology of the thin films.



This summer at Appalachian State University I un-
dertook the project of developing an organic solar cell (OSC)
recipe as well as a standard operating procedure for fabri-
cation. To test the solar efficiencies the OSC’s, a solar char-
acterization station was designed and manufactured. An
extensive literature review of the current state of OSC, and
the process of fabricating them, was done to get up to speed
on the topic. A P3HT (poly(3-hexylthiophene-2,5-diyl) and
C60 bulk heterojunction mixture was a favored recipe be-
cause of the relatively low cost of manufacturing. With some
chemical tuning, P3HT:C60 solar cells have reached efficien-
cies of 2.56% as of 2011 [1]. In any solar cell there are two
types of material needed to generate electricity from incom-
ing light, the p-type and the n-type. The p-type material is
one that has holes in it’s electron configuration and are look-
ing to accept other electrons to fill this void, known as the
acceptor material. The n-type material is one with an ex-
cess of electrons and is looking to get rid of these unwanted
electrons, known as the donor material. Utilizing a combi-
nation of these materials allows us to separate any excitons
(an electron/hole pair) generated by incoming light. With
the OSC’s fabricated in the laboratory our p-type, acceptor
material, is C60 and our n-type, donor material, is P3HT.
The current state of OSCs involves studying derivatives of
these base compounds, often P3HT:PCBM, in an attempt
to gain a higher efficiency reaching up to 6.1% [2].

Starting the summer by enhancing the exterior design
of the solar cell characterization station, aluminum sheets
were added covering the outside of the station to block any
harmful ultraviolet emissions from the lamp as well as keep
external light from throwing off the characterization results
(see Figure 1). A door was also added making it easy to
access the samples in between runs. Tungsten probes were
used for fine placement of the voltage source during the char-
acterization process.The probes used were connected to a
Bayonet Neill-Concelman (BNC) cable, so a box was made
to convert the BNC cables to a wire that could be connected
to the Keithley source meter used to source and measure
voltage, and current respectively. Adaptations were made
to the in house LabView program to control the lamp power
supply via serial communication and a Xenon 150W lamp
was installed in the Newport 150 W Low Cost Solar Sim-
ulator lamp housing [3]. There was no mirror in the setup
so a mirror was adapted from an overhead projector to fit
into a beam turning assembly. There was also a filter holder
apparatus installed for future tests to emulate the effect of
the sunlights path threw the atmosphere at different times
of the day. (see Figure 2)

To test the station, a piece of indium tin oxide (ITO)
that was deposited on a plastic sheet was cut and the re-
sistance was attempted to be measured. One of the benifits
of OSC’s is that they can be deposited on flexible surfaces
which allows for roll to roll production, reducing manufac-
turing costs [4]. The process of taking measurements of a
thin film was harder than expected because the placement of
the probes was very important. If the probes were to punc-
ture the ITO film then the apparatus would be measuring

Figure 1: The solar cell characterization station with it’s
aluminum covering. To simulate solar conditions a Newport
150 W Low Cost Solar Simulator was installed [3]. Tungsten
probes were used to apply voltages and measure current to
characterize various solar cells.

the resistance of the plastic and not solely the ITO. Multi-
ple measurements of the current were made as the probes
sourced a range of voltages, between 0V and 60V. Using
Ohm’s Law

V = IR

where V is the voltage between the probes, I is the current
running through the material, and R is the resistance of
the material, the ITO was characterized by resistance as a
function of separation distance between the probes. As the
separation distance increased there was also an increase in
the resistance as expected because there was more material
for the charge to travel through. The ITO that was tested
was rated to have a sheet resistance of 100Ω

� , and this was
confirmed though the test of the characterization station.
Both the 100Ω

� plastic ITO sheet and a 60Ω
� plastic ITO

sheet were used for the OSC’s as well as a 30-60Ω
� sample

of ITO deposited on glass.

With the mirror set up, the lamp installed, the probes
tested, and the LabView program updated characterization
could now begin on some commercially available ploysilicon
solar cells. These solar cells had aluminum gates on the front
and back, so for characterization, one probe was placed on
an front aluminum contact and the other probe was placed
on the copper chuck of the testing station. The initial sur-
face area of the solar cell was large enough that the I-V
curves of our scans were being cut off by the current limit of
the machine. By reducing the surface area of the solar cell
a more detailed characterization could be done. The initial
solar cell was cut into three smaller cells of varying size.The
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What Makes Up a 96000 150 W Solar Simulator?

The Illuminator Housing

The housing includes a rear reflector to collect the back radiation from the lamp, a fan,
ignitor, an F/1 condensing lens assembly, and a filter holder.

Note: This light source does not use an optical integrator for enhanced uniformity.

150 W Xenon Arc Lamp

The 96000 Simulator includes a 150 W ozone free xenon lamp. For output below 260 nm,
replace this lamp with the 6254 UV enhanced model. Notify a Sales Engineer at time of
purchase, if you wish to replace the lamp.

The Power Supply

The power supply delivers constant power to the lamp, a real advantage over
voltage controlled power sources since the low wattage arc lamps have a very
narrow power tolerance.

The Multiple Filter Holder

The 96000 Solar Simulator includes an air mass filter holder, which mounts on the output
of the housing's condenser. You can insert and remove the filters without breaking down
your system. Note: the blocking and atmospheric attenuation filters (models 59450, 81095
and 81096) may crack if the lamp output is not attenuated. We suggest that you place
these filters after a dichroic filter assembly (see page 275) or 1.5-Inch Series Water (see
page 270). The Solar Simulator's filter holder can be placed at the output of either of these
optical assemblies (See Fig. 2).

Output Power

This 150 W solar simulator can generates approximately 1.3 sun irradiance with an AM1.5G
filter. Table 1 lists the approximate power in the output beam of the 96000 Solar Simulator
(before filtering). We offer formulae and examples for calculating the output power for this
lamp housing type (see page see page 1506). The multiplication factor for the condenser
on this illuminator is 0.11.

Table 1 Approximate Output Power from 96000 Solar Simulator

Distance From the Illuminator,
Inches

Readings without Air Mass Filter,
Si Detector, mW

Readings with Air Mass Filter 1.5G,
Si Detector, mW

2 393 165
4 327 153
6 289 127
8 179 90
10 119 65

Optional Filters

To simulate various solar conditions, we offer air mass filters. These 2.0 inch (51 mm)
filters fit into the Solar Simulator's filter holder. If you want to block a selected region of
the UV, and/or completely block or reduce the VIS and IR, use a bandpass filter or dichroic
mirror. These mount in the 66245 Dichroic Mirror Holder.

Safety Considerations

These sources emit dangerous levels of UV radiation, harmful to the eyes and skin. Always
wear protective eyewear, clothing, and gloves when working around UV sources.

Specifications
Wattage 150 W

Lamp Type Xenon

Collimated Output Diameter (33 mm) 

Light Ripple <0.5% rms

Solar Simulator Input 95 - 264 VAC, 
4A, 47 - 63 Hz

Line Regulation 0.01%
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Fig. 3 The 66245 Beam Turning Assembly
holds dichroic mirrors at the output of the
housing condenser. You can then add
blocking filters in the Multiple Filter
Holder. The dichroic protects the blocking
filters from cracking due to the heat from
the source.

See our website
for more infoWEB

Figure 2: This is a schematic of the Newport 150 W Low
Cost Solar Simulator with the beam turning assembly as well
as the filter holder. Each item is displayed with the corre-
sponding Newport serial number. [3]

smaller of the three cells had a higher efficiency than the
larger ones which matched the theory used to compute the
solar efficiencies.

η =
Pm

E ×Ac

where η is the solar efficiency of the cell, Pm is the maximum
power that the solar cell produces, E is the intensity of the
incoming light, and Ac is the surface area of the solar cell. As
the surface area of the solar cell is increased, there was a drop
in efficiency do to the fact that the maximum power of the
cell stays the same because it is a property of the photoactive
material and not of the dimensions of the device. Once
all of the data was collected the statistical programming
language R [5]and statistical software OriginPro were used
to calculate other material properties of the solar cell such
as open circuit voltage (Voc) and short circuit current (Isc)
(see Figure 4).

Figure 3: AFM image of the P3HT:C60 solar cell. Small
white features are C60 crystals. Longer wavelength features
are natural variations in the film thickness

Figure 4: I-V curve for a commercial solar cell. The shaded
box represents the maximum power. The surface area of the
cell was 1.12×10−4m2 and the intensity of the incoming light
was 1000 W

m2 . I used the statistical programming language
R to calculate the other material properties. η = 15.3%,
Voc = 0.58V , Isc = −0.044A, Pm = −0.018W

A Laurell spin coater was installed and programmed
with several spin routines. The spin coater holds a sample
in place using a vacuum and spins it at a certain revolutions
per minute (RMP) for a predefined amount of time. While
the sample is spinning the solar active material is applied to
the sample and because it is spinning a thin layer is formed.
A 13.3 mg P3HT and 6.6mg C60 solution was made in 1ml
of 1,2- dichlorobenzene [1]. This solution was used to spin
coat multiple samples of various number of drops and spin
routines to develop a method to get a uniform thin film. Us-
ing different spin routines allows for control of the thickness
of the photoactive layer giving the OSC a darker shade (see
Figure 5). A hot plate was also calibrated to more carefully
analyze the annealing process which aids in the formation
of crystals leading to higher efficiency [6]. The samples were
then imaged using an atomic force microscope and on the
nano scale the crystal structure could be studied. The thick-
ness of our film was ∼40nm(see Figure 3).

Figure 5: Optical images of three flexible spun cast films on
ITO/Plastic. From right to left there is an increase in the
RPM’s used to spin the samples

Participating in research over the summer has been
a very enlightening and educational experience. The skills
I have learned about the scientific process as well as the
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