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1- Introduction

Fossil fuels are limited and also they are non-renewable energy sources. Today lots of researches carry out to decrease the demand to non-renewable energy sources. Solar cells are one of the most important renewable energy sources. This area first started with the invention of the first practical solar cell in Bell Laboratories in 1954
. Solar cells are classified into three generations and organic solar cells are in the third generation which is mainly done for research purposes. Organic solar cells are a branch of solar cells which is first started after 90’s and attract very importance because of their many advantageous properties. 
Organic solar cells can be produced with low cost techniques. Also organic solar cells can be fabricated on top of flexible substrates which allow mechanical flexibility to the devices.  Organic solar cells are fabricated easily. These characteristics made organic solar cells very popular in the last decade. Alan Heeger, Alan G. MacDiarmid and Hideki Shirakawa are the Nobel 2000 laureates of Chemistry due to their researches on conducting polymers which they mainly used for organic photovoltaics.

However, organic solar cells need to be improved because of their some disadvantages. Power conversion efficiencies of organic solar cells are still lower than their counterpart silicon solar cells. Best organic solar cells ever reported have 6.5% efficiencies
. 
Nanocrystals are mainly used for their important properties. They have superior photostability. Nanocrystals have excellent flexible substrate compatibility which allows fabricating flexible organic solar cells. Narrow bright emission band and broad size-tunable emission wavelength makes nanocrystals promising for organic solar cells
. 
In our proposal to European Science Foundation (ESF), we aimed to benefit from these properties of nanocrystals in organic solar cells. Nanocrystals are good absorbers in the UV part of the light spectra. On the other hand, active materials used for organic solar cells are poor absorbers in the UV part of the light spectra. We planned to absorb the UV spectra by nanocrystals and convert to a wavelength where active material is most efficient light by reemitting nanocrystals. We aimed to observe a total increase in the power conversion efficiency of solar cells with this antenna idea
. 
In our proposal, we design structures to observe increase in power efficiency. We use P3HT:PCBM as active material. During our visit in Linz Institute of Organic Solar Cells (LIOS), we discussed with Prof. Sariciftci and decided to change our active material to Zn-Phthalocyanine:C60 because they have poor conversion efficiencies than P3HT:PCBM in the UV spectra. We use water based CdTe nanocrystals.

2- Experimental Steps and Results
1. Fabrication of Generic Solar Cell (P3HT:PCBM as active layer)

In order to reach our aimed work, first we planned to learn how to fabricate a generic solar cell step by step. Also this step is important because we learn how to use laboratory equipments and measurement tools. The structure of the solar cell is as follows.
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Figure 1: Structure of solar cell: Glass/ITO/PEDOT:PSS/P3HT:PCBM/Al

The fabrication steps are substrate preparation, ITO etching and cleaning, PEDOT:PSS coating, active layer (P3HT:PCBM) coating, Aluminum evaporation.  
Substrate Preparation:

We used 1.5cm x 1.5cm ITO on glass substrates for devices. There were large area ITO on glass substrates and in order to cut them into desired dimensions we use diamond tipped glass scriber. Sample number is written to the back of the substrate with diamond pen.
ITO Etching and Surface Cleaning:

To avoid short circuits from aluminum electrode, one third of the sample is etched. To do this two third of the sample is covered with a plaster. HCl:HNO3:H2O (4.6:0.4:5.0 in volume) is used for etching the ITO. Etching solution is dropped to the uncovered parts of the substrate and after 15 minutes etching is finished. Than we remove the plaster and the next step is clean the ITO surface. This process is very important for the device because it prevents forming pin holes. This step is done as follows:
· Put the samples to the sample holder and place the sample holder to a beaker filled with Hellmanex (detergent for cleaning the surface). Wait 15 minutes in the sonicator.
· Rinse the samples with water 

· Use sonicator for 10 minutes with water

· Use sonicator for 10 minutes with acetone 

· Use sonicator for 10 minutes with isopropanol alcohol

· Dry the samples with help of nitrogen gun

PEDOT:PSS Coating:
Before spinning PEDOT:PSS to the surface, PEDOT:PSS solution is stirred for one day. Then the solution is filtered and spin coated on top of the ITO. After spinning samples are dried at 150oC for 5 minutes on hot plate.

Active Layer (P3HT:PCBM) Coating:
Active layer is spin coated to the surface from a blend of P3HT:PCBM in chlorobenzene. Blend was 2.5% in weight in chlorobenzene and P3HT:PCBM ratios are 1:0, 1:1, 2:1, 3:1. Solutions are prepared by using stirrer for few hours and solution is spin coated after filtering.

Al evaporation: 

Before evaporation we clean one side of the sample in order to make good contact from ITO. From figure1 it can be seen which part is cleaned. Each layer is cleaned with its own solvent. After this process Al is evaporated thorough a hard mask by using box coater (Figure 2). ITO part is also Al coated (vertical hole in the mask) to make good contacts and by using this mask 3 solar cell is fabricated from each sample.
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Figure 2: Hard mask used for Al evaporation. 

Measurements:

All measurements are taken in glove box and here is the IPCE and I-V data under AM 1.5 standards. In figure 3, you can see the I-V curve and Isc = 1.76 mA, Voc = 0.65 V, Pmpp = 4.94 x 10-2 mW. Efficiency = % 0.494 (assuming 0.1 cm2 surface area) for the solar cell.
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Figure 3: I-V data under AM 1.5 standards.
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Figure 4: IPCE data for the generic solar cell.
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Figure 5: Absorption spectrum of blend P3HT:PCBM layers. The increase in the absorption is due to increase of P3HT percentage in solution.
2. Nanocrystal Hybrid Devices

We planned to see a conversion increase in the UV spectra by using nanocrystals where solar cell active layer converts weakly the solar spectrum. However in order to see the increase, we planned to change the active layer P3HT:PCBM to Zn-Phthalocyanine-C60 because they have weak UV conversion than  P3HT:PCBM.  IPCE spectra can be seen for both P3HT:PCBM and Zn-Phthalocyanine-C60 below.
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Figure 6: IPCE graph for P3HT:PCBM based solar cell

[image: image7.png]400 500 600 700 800
Wavelength (nm)




Figure 7: IPCE graph for Zn-Phthalocyanine-C60 based solar cell

As it can be seen from the figure 6,7; P3HT:PCBM have 2,5 times stronger power conversion than Zn-Phthalocyanine-C60 in the UV part. If we look at the absorption spectra of the CdTe nanocrystals (Figure 8) we can observe that CdTe nanocrystals have very good absorption in the UV part of the spectra.


[image: image8.wmf]300

400

500

600

700

-0,2

0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

Absorption

wavelength (nm)

 CdTe NC

at 586 nm emitting


Figure 8: Absorption spectra of CdTe nanocrystals.

Also if we look at the IPCE spectra of Zn-Phthalocyanine-C60 (Figure 7), we can observe that power conversion is maximum at a wavelength around 600 nm. To utilize this property of Zn-Phthalocyanine-C60 we use CdTe nanocrystals emitting at 587 nm (Figure 9). 


[image: image9.wmf]450

500

550

600

650

700

0,0

0,2

0,4

0,6

0,8

1,0

 

 

PL intensity (normailzed)

wavelength (nm)

  CdTe NC 

@ 586 nm emitting

 

 

 


Figure 9: PL results of CdTe nanocrystals.
There were two designs for hybrid devices which nanocrystals are used as antenna to the solar cell. In design 1, nanocrystals are placed under the ITO layer on top of glass. In the design 2 nanocrystals are placed between PEDOT:PSS and active layer. 
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Figure 10: Proposed design 1 (left) and design 2 (right) for short visit

These device structures (Figure 10) have both advantages and disadvantages to each other. 
Nanocrystals are poor charge transporters and when we placed them between PEDOT:PSS layer and active layer, they might decrease the charge transport or block it.  This is an important issue to be solved. But with this design structure we also placed nanocrystals closer to the active layer which increases coupling of light. When the coupling of light increases conversion of light to current will increase. This is the main advantage of the design 2.
In the design 1, nanocrystals are placed between glass substrate and ITO. With this structure, there is no charge transport problem. However distance between active layer and nanocrystals is increased and this cause a decrease in light coupling so device performance. Also ITO needs to coat to a smooth surface because ITO roughness is very important problem to avoid short contacts from ITO to Al. In Design 1 ITO is coated on top of nanocrystal layer which has not good roughness. This is the main disadvantage of design 1. Results and discussions about Design 1 is mainly mentioned in Burak Guzelturk’s report.
Design 2

As it is mentioned before, charge transport is the main problem for the design 2 structure. In order to see the difference we planned to fabricate 4 kind of different device structures for design 2. In the first part, we blend the nanocrystals with PEDOT:PSS. In the second part, we spin coat nanocrystals on top of PEDOT:PSS layer and we spin coat the active layer on top of nanocrystals. In the third part, we use self assembled deposition to achieve thin uniform nanocrystal layer on top layer ITO and under PEDOT:PSS layer. In the fourth part, we try to achieve patterned nanocrystal layers on top of ITO layer in order to have both good charge transport and nanocrystal emission.
First part: 
In the first part we try not to block charge transport by blending nanocrystals and PEDOT:PSS (Figure 11). 
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Figure 11: Device structure of solar cell design 2 part 1.
With this device structure we planned to have nanocrystals close to the active layer and also have a good charge transport because in this configuration there is no separated nanocrystal layer to prevent charge transport. Our nanocrystals are CdTe and they are soluble in water. Also PEDOT:PSS is water soluble and we made blends easily. However, PEDOT:PSS is acidic where nanocrystals are neutral. This made nanocrystals corrupted and we couldn’t get any result from this structure.

Second part: 

In this part we aimed to have nanocrystal layers on top of PEDOT:PSS layer with spin coating (Figure 12). 
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Figure 12: Device structure of second part. Nanocrystal layer is formed by spin coating

As PEDOT:PSS and nanocrystals are water soluble, we anneal PEDOT:PSS layer for a long time for not to dissolve when nanocrystals are dropped to the surface. We knew that charge transport is an important issue with this configuration, to achieve this we spin coat nanocrystal layer at very high spin rates. However we cannot get any results from this structure. We can observe the absorption of light but we can not observe I-V characteristics of solar cells we only observe open circuit. From this point we try to deposit very thin nanocrystal layer and we use self assembly methods.
Part 3:

To observe a solar cell behavior we planned to have a thin layer of nanocrystal. In order to do this we try to deposit nanocrystals layer by layer self assembly method. Our nanocrystals (CdTe) are capped with TGA (Thioglycolic acid) which has sulfur atoms (Figure 13). 
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Figure 13: Chemical representation of TGA

Gold has an attraction with S atoms to utilize this property we evaporate very thin (~5nm) gold layer on top of ITO surface. We aimed to have transparent layer that not absorb the light coming inside the cell and also CdTe can assembled. We deposit nanocrystals on top of gold by self assembly method under electric field
. We put our sample to CdTe solution and under 0.6 V potential difference for 5 minutes. The distance between platinum electrode and our sample was approximately 1 cm. Than we rinse the sample with water and dip the sample to PDDA (poly(diallyldimethylammonium chloride))  solution for 3 minutes. After that again we rinse the sample and put it to CdTe solution under electric field. Than we continue to deposit PDDA and CdTe alternately with this method. We achieved to deposit CdTe layer (Figure 14), however we couldn’t observe solar cell characteristics after finishing the fabrication. Due to CdTe solubility in water we can not coat the samples with PEDOT:PSS. This was also one of the most important problems of our device. We finished fabricating the sample but we only observe open circuit behavior instead of solar cell characteristics.
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Figure 14: Absorption spectra of nanocrystals layer by layer deposit on gold
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Figure 15 AFM results of ITO/Gold/ CdTe coated sample
We managed to fabricate and observe the solar cell characteristics from the control group device consist of glass/ITO/PEDOT:PSS/ Zn-Phthalocyanine: C60/Al (Figure 16). Device parameters are: 

Isc = 0.928mA Voc= 300mV Pmpp = 61.7 μW η = % 0.62 Assuming 0.1cm2 device area
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Figure 16: I-V characteristics of control group solar cell.
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Figure 17: IPCE characteristics of the control group solar cell.

Ongoing Work

We are planning to continue our collaboration and our aim is to pattern CdTe nanocrystals (Figure 18). By doing this we both allow charge transport and CdTe emission to increase UV light conversion. This is the part 4 of design 2. 
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Figure 18: Device structure of part 4.
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