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• Power: 230 VAC.
• Plasma parameters: 40 W (7 kV, 20 kHz).
• Plasma area: 50 mm × 20 mm.
• 0.2 mm thin plasma layer.
• Low temperature -> ideal for perovskites.
• Atmospheric pressure.

Used for:
• Polymer activation.
• Glass cleaning.
• Plant seeds treatment.

DCSBD plasma generator

Expected Behaviour With Surface Defects

Phase Analysis of PDSHow Does PDS Work ?

Lock-in Technique

Sample Thickness

Thermal Diffusion Length μT

𝜇𝑇 =
2𝑘

𝜔𝜌𝐶

We are measuring amplitude and phase.
Amplitude is proportional to the absorbed signal within 
the probed volume.

Example of Surface Defects

In-Situ Measurement Plasma Spectra

Stability Test
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Life on the Urbach Edge
Spatial Localization of Defects 
in Halide Perovskites Using PDS

• Non-radiative losses of VOC are proportional to Urbach energy.

• PDS can be used to distinguish between surface and bulk defects.

• Plasma treatment removes defects from grain boundaries and 
increases long-term stability of the perovskite layer.

Evolution of Plasma Line

𝒅(𝒍𝒏 𝜶 )

𝒅(𝑬)
≅

𝟏

𝑬𝑼(𝑻)
𝜶(𝑬, 𝑻) = 𝜶𝟎𝒆𝒙𝒑

𝑬 − 𝑬𝑪
𝑬𝑼(𝑻)

defects

1.694 eV line

Defects and structural disorder cause bending of the 
electronic bands.

The bending affects the steepness of the absorption 
edge which is described by the Urbach energy.

Taking the first derivative of the absorption 
spectra leads to more precise and reproducible 
determination of Urbach energy.

Precise absorption measurement with high 
dynamic range is important for determination of 
Urbach energy.

𝚫𝐕𝑶𝑪
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Non-radiative losses of are proportional
to the Urbach energy.

ΔV𝑂𝐶
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Urbach Energy
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