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Solar energy has the greatest capability to supply clean renewable energy but is not fully utilized because of the high cost associated with solar cell fabrication. The costs have decreased in recent years with the advancement of thin-film technologies, but greater 

decreases in cost as well as utilizing earth-abundant materials is required for future growth.  Presented is the fabrication of CZTSSe devices of 7.2% power efficiency without the use of toxic hydrazine.
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By utilizing nanoscale processes solar cells can 

become more affordable.

 Better homogeneity control

 Solution based deposition processes

 Low processing temperatures

 Short processing times

 Roll-to-roll manufacturing

 Flexibility in substrate choice

The greatest challenge facing the 

current generation will be in 

harvesting the energy necessary for 

growth.  With increasing energy 

costs and decreasing fossil fuel 

availability, alternative energy 

sources must be utilized.

Out of all the energy sources

available, solar radiation has

the greatest potential to meet

both current and future energy

needs. This great resource can

be accessed now if it were not

for economic difficulties.

Solar energy from 

photovoltaics is becoming 

more affordable through 

better manufacturing 

techniques and the 

utilization of thin-film 

technologies where only a 

few micrometers of active 

material are needed.

The dominant thin-film 

technologies in 

production are cadmium 

telluride (CdTe) and 

Copper Indium Gallium 

diSelenide (CIGS) where 

future growth will be 

limited by the availability 

of both tellurium and 

indium on the planet.  

Copper zinc tin sulfide 

(CZTS) was identified by 

Wadia et al  as a 

semiconductor material 

that has the ability to 

supply the global energy 

demand with current 

production capabilities.
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Following techniques developed at 

Purdue for the related chalcogenide 

CIGS, nanocrystals of CZTS were 

synthesized and then utilized as 

precursors in fabricating solar cells.

Difficulty in sintering sulfide 

nanocrystals to sulfide films led to poor 

performance of solar cells

Efficiency: 2.1%

By heating the CZTS nanocrystals at 500 °C 

in selenium vapor, large grains were able to 

form by substituting selenium for some 

sulfur atoms in the lattice to form Copper 

Zinc Tin Sulfur-Selenide (CZTSSe).  This 

substitution allows lattice growth to 

accommodate the larger selenium atoms, and 

this disturbance in the lattice allows grain 

boundaries to combine and form large 

grains.

Of particular interest with the 

CZTSSe solar cell device fabricated 

in our lab is how it behaves over 

time.  After three months of storage 

in the laboratory the cell increased 

in efficiency from 6.7% to 6.89%, 

and following a fifteen minute light-

soak the efficiency further improved 

to greater than 7.2% efficiency.  

More research is being done in this 

area to understand this fantastic 

phenomena.

These larger grains allow for 

better performance as a solar cell 

resulting in efficiencies of ~7.2% 

which is the second best reported 

efficiency in the world.

SEM image of CZTS solar cell showing small 

crystals resulting from poor sintering 

Current density vs voltage plot of poorly 

crystalline CZTS device.  Poor 

crystallinity shows an increase in cell 

series resistance and recombination rates

PXRD data for CZTS nanocrystals showing 

the major characteristic peaks of CZTS

SEM image of CZTS solar cell showing large 

crystal grains resulting from selenium exchange
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Crystal lattice structure for Kesterite CZTS 

showing the location of Sulfur atoms that 

can be substituted with Selenium atoms

As 

Fabricated

Light 

Soaked

Voc (V) 0.42 0.43

Jsc (mA/cm2) 30.4 31.2

Fill Factor (%) 52.7 53.9

Efficiency (%) 6.73 7.23

Rseries (Ω) 5.65 4.93

Rshunt (Ω) 1450 851

Efficiency: 

7.2%

Graph showing the gradual increase of 

efficiency over a fifteen minute time frame

Above: Current density vs voltage plot of CZTSSe

as fabricated and after fifteen minute light soak.  

Below: resulting cell performance values
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