Influence of defects on photoluminescence

from Cu,ZnSnS, thin films
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Cu,ZnSnS, (CZTS) presents promising properties for thin film

photovoltaics (PV) technology [1]:

* non toxic character and availability of the constituents;

* high absorption coefficient (>10° cm™) in the near-infrared and visible
spectral regions;

+ almost optimal direct bandgap energy (1.5 eV).

Huge increase of the@efficiency of CZTS based solar cells: 0.66%

(1996) to 8.4% (2013) [2,3]. This record is far from the one obtained

for CIGS (20.9%) and multicrystalline silicon (20.4%) [4,5].

The efficiency limits of CZTS based solar cells may be due:

* fluctuatioss of stoichiometry along the thin filmi=

* heavity doping and high compensation values;

 local disorder at grain boundaries.

All these issues will strongly affect the electronic levels structure,
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The discussion of the nature of the radiative transitions requires the study of the influence of temperature am@l&xcitation powegm the PL.
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- At lower temperatures the luminescence is dominated by an asymmetric band with
peak energy (E) at 1.22 eV.

* The power excitation (P) was varied from 0.6 to 100 mW.

+ With the increase of the excitation power:
- slight increase of FWHM,;
- no significant change of the shape;
- blue shift of the peak energy.
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* The dependence on P of E was fitted with I= I,exp(E/B) [7].
+ A value of 11 meV was estimated for f.
* The estimeted, value for (3 is typical for heavily doped and highly compensated materials.

- The dependence on P of the PL intensity (I) was fitted with I«cP™ [8].

- Two different regions were identified (A and B).
* In region of the lower excitation power values, the estimated suggest some, localization

degree of the charge carriers. @
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A Composition ratios for CZTS ~
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Cu-poor absorber layer

Morphology

Large grains and densely packed

Structural and electronic inhomogeneities create potential fluctuations that affect the
conduction and valence band edge with strong influence on the solar cells-efficiency.
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In CZTS, will be expected the presence of both fluctuations.

Bandgap fluctuations
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« Variations of alloy composition;

- Stress;
- Stoichiometry.

Electrostatic fluctuations
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- Inhomogeneous distribution of charges.
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Evidence for the existence of electrostatic fluctuations.
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* The temperature (T) was varied from 7 to 200 K.

* Red shift of 21.1 meV for the range 7<T<98 K followed by a blue shift of 25.0 meV

until 200 K.

- The temperature dependence of the

@ is ascribed to the influence efmainty of

electrostatic potential fluctuations meded [
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