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Introduction

Nanocrystalline materials have attracted a great deal of attention from researchers in various fields due to both their fundamental size-dependent properties and their many important technological applications. Among the various nanocrystals, transition metal chalcogenide nanocrystals have been investigated for many applications, including biological labeling, light emitting diodes, and photovoltaic devices.

Copper Indium Sulfides (CIS) and Copper Indium Sellenides (CISe) quantum dots are the most attractive for photovoltaic applications. The materials (based on CuInSe2 - CuInS2) that are of interest for photovoltaic applications include several elements from groups I, III and VI in the periodic table. These semiconductors are especially attractive for thin film solar cell application because of their high optical absorption coefficients and versatile optical and electrical characteristics which can in principle be manipulated and tuned for a specific purpose in a given device. They can be used both n- and p- type semiconductor material in solar cell applications. Energy levels of some materials used in solar cells and two cell configurations are given below:
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In our solar energy institute, EGE SEI, we carry out the synthesis and characterization of these nanocrystals (NC) and quantum dots (QD) by using various synthetic routes to obtain different uniform sizes and shapes. We have been able to synthesize a uniform multi gram quantity in several procedures (capping reaction, one-pot reaction, etc). Electrochemical and optical properties of synthesized materials were investigated. Some analysis results of synthesized structures are given below:
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            a time series UV-Vis Spectra
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XRD pattern of CISe nanocyrstals synthesized via solvothermal route in a) autoclave and b) microwave oven. 
The “Optoelectronic” research group at the “Institut für Angewandte Photophsysik (IAPP), Technische Universitat Dresden” is well experienced on optoelectronics device characterization such as OSCs, OLEDs, TFTs. Also IAPP has expertise in spectroscopy of excited molecules. 
In this study, we planned to fabricate organic solar cells using CuInS2 in several conditions. During the project, our main topic was to fabricate and characterize the QD solar cells. Also we had different kinds of materials that could be used in solar cells as hole transport material (HTM). The materials called Three Aryl Amine (TAA) were investigated on solar cells as HTM. 

Fabrication and Characterization of Quantum Dot Solar Cells

The configurations of solar cells that were fabricated at IAPP are shown on the figure below:
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      ITO / PEDOT:PSS(Clevios PH510) / CIS:P3HT / BPhen / Al
Cell 1
Configuration:    ITO / PEDOT:PSS(130 nm) / CIS:P3HT(1:1) (~100 nm) /Al (82 nm)
Fabrication: 
PEDOT:PSS was coated by spin coater with the program; 

Step I: 1500 rpm, 30 s

Step II: 2000 rpm, 20 s

Then the coated glass was dried at 140 oC for 20 min and CIS:P3HT was coated by spin coater with the program;

Step I: 1000 rpm, 45 s

Step II: 1500 rpm, 30s

After that the cell was kept under vacuum overnight and Al contacts were evaporated in a vacuum deposition system. Solar cell parameters were measured under standard conditions at AM 1.5 global radiation with 100 mW/cm2 light intensity. The I – V curve of the cell showed it was short circuit. 
The reasons of the short were discussed. And it was proposed that the drying temperature of PEDOT:PSS layer was too high, so it was decided to get the temperature to reduce and time to keep longer.

Cell 2
Configuration:    ITO / PEDOT:PSS(130 nm) / CIS:P3HT(1:1) (~100 nm) /Al (92 nm)

Fabrication: 
PEDOT:PSS was coated by spin coater with the program; 

Step I: 1500 rpm, 30 s

Step II: 2000 rpm, 20 s

Then the coated glass was dried at 130 oC for 30 min and CIS:P3HT was coated by spin coater with the program;


Step I: 1000 rpm, 45 s

Step II: 1500 rpm, 30s

After that the cell was kept under vacuum overnight and Al contacts were evaporated in a vacuum deposition system. Solar cell parameters were measured under standard conditions at AM 1.5 global radiation with 100 mW/cm2 light intensity. The I – V curve of the cell showed it was short circuit again. 


It was determined that the reason of short was not related to drying temperature of PEDOT:PSS layer. For the next cell, the spin coating rate of PEDOT:PSS was decreased.

Cell 3
Configuration:    ITO / PEDOT:PSS(130 nm) / CIS:P3HT(1:1) (~100 nm) /Al (85 nm)

Fabrication: 
PEDOT:PSS was coated by spin coater with the program; 

Step I: 1250 rpm, 30 s

Step II: 1500 rpm, 20 s

Then the coated glass was dried at 130 oC for 30 min and CIS:P3HT was coated by spin coater with the program;


Step I: 1000 rpm, 45 s

Step II: 1500 rpm, 30s

After that the cell was kept under vacuum overnight and Al contacts were evaporated in a vacuum deposition system. Solar cell parameters were measured under standard conditions at AM 1.5 global radiation with 100 mW/cm2 light intensity. The I – V curve of the cell showed it was short circuit. 


It was determined that the reason of short was not related to rate of spin coating of PEDOT:PSS layer, neither. 

Cell 4
Configuration:    ITO / PEDOT:PSS(100 nm) / CIS:P3HT(1:1) (~100 nm) /Al (85 nm)

Fabrication: 
PEDOT:PSS was coated by spin coater with the program; 

Step I: 1750 rpm, 30 s

Step II: 2000 rpm, 20 s

Then the coated glass was dried at 130 oC for 30 min and CIS:P3HT was coated by spin coater with the program;


Step I: 1000 rpm, 45 s

Step II: 1500 rpm, 30s

After that the cell was kept under vacuum overnight and Al contacts were evaporated in a vacuum deposition system. Solar cell parameters were measured under standard conditions at AM 1.5 global radiation with 100 mW/cm2 light intensity. The I – V curve of the cell showed that it was short circuit. 

Although several cells were fabricated in this configuration by changing many parameters (spin rates of materials, drying temperature of PEDOT:PSS etc.), the results showed that all cells were short circuit.
Cell 5
Configuration:    ITO / CIS:P3HT(1:1) (~100 nm) /Al (80 nm)

Fabrication: 
In this configuration, The cell was fabricated without PEDOT:PSS. CIS:P3HT blend was coated by spin coater with the program directly on the ITO;


Step I: 1000 rpm, 45 s

Step II: 1500 rpm, 30s

After that the cell was kept under vacuum overnight and Al contacts were evaporated in vacuum deposition system. Solar cell parameters were measured under standard conditions at AM 1.5 global radiation with 100 mW/cm2 light intensity, as well. The I – V curve of the cell is given below: 
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I-V curve of Cell 5; red plot belongs to dark measurement, green one belongs to under illumination measurement.
As seen from the figure above; although it had a diode characteristic, there was no photocurrent under illumination. According to this result it was decided to change the ratio of blend layer, in the next cell.
Cell 6
Configuration:    ITO / CIS:P3HT(2:1) (~100 nm) /Al (79 nm)

The only difference between cell 5 and cell 6 was that CIS concentration was twice with respect to previous one. The I – V curve of the cell is given below: 

[image: image9.png]current density [maAfcrm]

U, =0s0v

FF

-~ copogosp1
o =010 mARE

0w

19257703 113088,356

sat

—-—copoeoio1

0%

T

05 1) [
vokage [V]

o

s




I-V curve of Cell 6; red plot belongs to dark measurement, green one belongs to under illumination measurement.
As seen from the figure, there was no photocurrent under illumination. Despite of using more concentrated solution, the fabricated cell did not work. For this reason, the cell configuration was changed in the next cell.
Cell 7
Configuration:    ITO / CIS:P3HT(2:1) (~100 nm) /BPhen (8,0 nm) / Al (79 nm)

In this configuration, BPhen was used as exciton blocking layer. CIS:P3HT blend was coated with the same program. Bhen was evaporated in a vacuum deposition system, like the Al contacts. The I – V curve of the cell is given below:
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I-V curve of Cell 7; red plot belongs to dark measurement, green one belongs to under illumination measurement.
As seen from the figure, there was no photocurrent under illumination. Despite of using an exciton blocking layer in order to prevent hole transportation between CIS and metal, the fabricated cell did not work. 
It may be proposed that the films might have been very rough leading to short circuits. There is no difference between devices with and without PEDOT:PSS. It is probably that a combination of particle degradation occured over time/during transportation.(the reduced current in sample 6 in comparison to sample 5 is an indication for that)
Fabrication and Characterization of Solar Cells Using TAA Derivatives as Hole Transport Material
We fabricated the solar cells with a configuration which is shown on the figure below which is a simple test structure used with small molecule solar cells as well to test new hole transport materials: 
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                 ITO / HTM (TAA) / C60 (45 nm) / BPhen (8 nm) / Al (80 nm)
TAA derivatives that were used as hole transport materials are listed below:

[image: image21.wmf]N

O

O

O

C

H

3

N

O

O

O

C

H

3

[image: image22.wmf]N

O

O

O

C

H

3

N

O

O

O

C

H

3

[image: image23.wmf]N

O

O

O

C

H

3


TAA-M2



TAA-M4


        TAA-M5
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Fabrication of the solar cells: 
Firstly, HTMs were coated by spin coater with the program;

Step I:  700 rpm, 20 s

Step II: 1000 rpm, 10 s

Then coated electrodes were dried under vacuum overnight. After that C60, BPhen and Al contacts were evaporated in vacuum deposition system, respectively. Solar cell parameters were measured under standard conditions at AM 1.5 global radiation with 100 mW/cm2 light intensity, as well. We fabricated the solar cells with all these TAA derivatives. All devices showed short circuit condition, except only one cell. This cell showed a diode characteristic. But as seen from the figure below there was no photocurrent under illumination.
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I-V curve of Cell (fabricated with TAA-M6); red plot belongs to dark measurement, green one belongs to under illumination measurement.
Conductivity Measurements of TAA Derivatives
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The conductivities were calculated with the formula for dark samples. The thicknesses were measured by profiler. An example result is seen below:
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Example thickness measurement results from profiler.
[image: image15.png]current densty (maver]

4008008

2008008

000000

2008008

4008008 |

T Linear Fitofm2010010_)
——— Linsar Fit of m2020001)
- saaanzEd
s 1ear2E e

conductivey of 112

LET
m2020010

o
voltage [v]




    [image: image16.png]current densty (maver]

4008008

2008008

000000

2008008

4008008

—LnearrRatmaninia

— LinsarFitof man201il_)
—si021738E8

— &1 70880ES

conduotiity of a.

maoio1
— maoz01

o
voltage [v]





            I-V curve of M2 coated device.    

  
   I-V curve of M4 coated device.
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          I-V curve of M5 coated device. 


        I-V curve of M6 coated device.
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     I-V curve of M7 coated device.
	Material 
	Slope 
	Conductivity(S/cm) 

	M2 
	8,37302E-9 
	4,35E-4

	M4 
	9,21735E-9 
	4,79E-4

	M5 
	1,00509E-8 
	5,23E-4

	M6
	1,20201E-8
	6,28E-4

	M7
	1,43768E-8
	7,53E-4


Conductivity table of Three Aryl Amines Derivatives 
In addition the sheet resistances of these derivatives were measured.  All results were in the MOhm range. According to the results of both measurements, conductivities are low. 
As it is well known, the material that is used in the solar cell as HTM, must have a low conductivity to avoid short circuit in the device. From there results, all these TAA derivatives have suitable conductivity values for the application on solar cells. Despite of unsuccessful attempts, we had done, it is possible to obtain photocurrent by modifications on solar cell structure with these derivatives, in further studies.
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