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Introduction: Solar energy is currently one of the primary focuses of the United States efforts 
to invest in renewable energy. In 2013 the United States department of energy invested over 60 
million dollars towards research and development of photovoltaics with the Sunspot initiative, 
originally announced in 2011. Numerous advancements have been made over the past decade, 
such as multi-junction cells boasting upwards of 40% efficiency1 and the increasing feasibility of 
organic photovoltaics. Currently though, the cost of solar energy is still problematic. In 2013 the 
cost per Watt was 4 USD2, and while this number is dropping, the significant cost of investment 
still limits the amount of solar energy produced. A promising, very cheap, alternative to silicone 
based solar cells currently being sold are thin layer perovskite solar cells. These cells are 
particularly interesting as they boast remarkably high efficiencies while using common materials 
that are not particularly difficult to come by. My research will focus on the manufacture of a 
simple organohalide lead perovskite solar cell and an optimization of the conditions involved 
with this process in an attempt to maximize the efficiency of these cells 
 
Background: Photovoltaic cells function through the aptly named photovoltaic effect. When an 
appropriate semiconductor is exposed to light, the valence band electrons absorb the energy from 
the light and jump to a higher energy state. That excited electron can then be “guided” into an 
unoccupied orbital with a slightly lower energy but no chance for the electron to drop back down 
to its lower state, effectively trapping it in this higher energy state. This then leads to a separated 
positive and negative charge, making an electric potential which can be used to perform work. 
The key factors that make a material good for photovoltaics are light absorbance, proper orbital 
band gaps, and electron mobility. The perovskite in question is CH3NH3PbI3, and it happens to 
possess a spectacular absorbance spectrum, band gap and electron mobility. A solid crystal of the 
perovskite was just recently created and it displayed an electron mobility that was an order of 
magnitude greater than the absorption depth3. The low absorption depth paired with the high 
electron mobility allows for incredibly thin films to provide comparable efficiency to much 
thicker silicon cells. This lessened amount of require material, plus the use of incredibly common 
materials allows for perovskite solar cells to be much cheaper than what silicone solar cells 
currently cost. 
 Unfortunately the magnificent photoelectric properties of the perovskite are paired with 
several drawbacks the make the material difficult to create in a controlled manner. The first 
problem with the material is that it is not particularly stable. The perovskite structure of 
CH3NH3PbI3 breaks down into methylamine and lead iodide when exposed to heat or quantities 
of water. Additionally the morphology of the crystal leads to very small grain sizes within the 
polycrystalline matrix. This is non-ideal for the use of solar cells as a single, uniform crystal 
would provide the most optimized performance. This leads to a number of variables impeding 
the creation of a theoretically optimized device. For example a single step process of depositing 
the perovskite onto the substrate has been shown as non-ideal because the process causes an 
uneven surface coverage and a phenomenon known as pinholing4. My research centers around 
the use of an iterative approach to find the optimal means of synthesizing solar devices with this 
organohalide lead perovskite by varying conditions such as electron transport layer morphology, 
thermal annealing temperature and time, multi-step addition of the reactants and various 
deposition techniques such as evaporation and spin coating.  



 
Methodology: I will be working in the Stupp laboratory within his energy materials subgroup 
under the guidance of D.J. Fairfield. The structure of the cells are shown in Figure 1.  
The research surrounding these photocells can be divided into four phases. First requires a 
preparation and investigation of the underlying electron transport layer and substrate which has 
been shown to have an impact on the structure of the perovskite layer above it5. Second will be 
the deposition of the lead iodide and methylamine and evaluation of the various techniques used 
to achieve this. Third will be the annealing treatment of the perovskite layer and fourth will be 
characterization of the resulting devices.  
 The first phase has been widely researched with regards to other similarly produced 
devices. I will be using a patterned tin oxide substrate either doped with indium or fluorine as the 
lower contact point for the solar devices. Fluorine doped tin oxide is known to be more stable at 
higher temperatures and thus may be more necessary tan the indium doped variant6. As for the 
electron transport layer I will be using titanium dioxide. The preparation of the titanium dioxide 
layer can be split into two categories, the first being a simple homogenous layer and the second 
would be a mesoporous layer. The mesoporous layer has been shown to impact the structure of 
the perovskite and could very well effect the performance of the resulting devices. 
 The second phase involves investigating the various methods behind preparing the 
perovskite layer itself. The first method is by preparing a solution of methyl ammonium iodide 
and lead iodide and spin coating it onto the previously mentioned substrate. The second takes a 
sequential approach of preparing a lead iodide layer via spin coating and or evaporation followed 
by addition of a methyl ammonium iodide solution on top of the layer. The thermal annealing of 
the perovskite layer will then be carried out on a hotplate for an hour at 100 degrees Celsius with 
another annealing step at 130 degrees with varying lengths of time from 5 minutes up to one 
hour.  
 The characterization of the perovskite layers can be done through various spectroscopic 
techniques. X-ray diffraction can be used to determine crystallinity as well as relative 
stoichiometry. TEM will be used to determine layer thickness, grain size as well as relative 
surface coverage. Once prepared the perovskite will be made into actual solar devices by spin 
coating with P3HT and evaporating silver contacts onto the substrate. The devices themselves 
will then be tested under standard I-V testing to determine efficiency of the cells.  
 
Closing notes: By the start of the summer of 2015 I will have worked within the Stupp 
laboratory for two quarters and will have learned a great deal more about the intricacies and 
methodologies of thin layer photovoltaics. However a summer experience for the research is 
essential to both my continued education and my interest in graduate studies as there is no other 
time in the year that an undergraduate can truly devote all of their attention towards research. As 
a sophomore chemistry major I will have completed Organic Chemistry, Physics 125-1, 2 and 3, 
Instrumental analysis and Physical chemistry. However all of the theoretical background in the 
world cannot prepare someone for the realities of conducting actual research, becoming a true 
expert on a subject and understanding the thought process behind actual experimental design. I 
shall hope to continue this research through the summer into next year and eventually work my 
way into a position where I can graduate with a B.A.-M.S. in chemistry and complete my 
master’s thesis focusing on photovoltaics. 
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Figure 1: General structure of thin-layer perovskite solar cells 
 


