
Integrating-sphere measurements 
separate the total optical response into 
direct and diffuse components:

𝑅tot = 𝑅dir + 𝑅diff   𝑇tot = 𝑇dir + 𝑇diff 

Spectral haze
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ABSTRACT:

Surface texturing is widely used to enhance light trapping in photovoltaic solar cells by reducing front-surface reflectance and increasing the optical

path length of light within the device. This is particularly relevant for thin absorber layers, where efficient photon confinement is essential to maximize

absorption. Numerical optoelectronic simulations provide a powerful tool for optimizing surface texturing; however, accurately incorporating real, non-

periodic nanotextured surfaces into simulation models remains challenging. In particular, their optical behavior cannot always be adequately described

using conventional periodic or geometrical models, making the characterization of their haze properties essential for accurate model parametrization. In

this work, we present a methodology for the characterization of non-periodic nanotextured surfaces, with particular emphasis on their haze properties

and their implementation in optoelectronic simulation models.
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Objective: Develop an experimental methodology combining spectral haze and 
angle-resolved scattering to derive physically informed inputs for optoelectronic 
simulation.

Illumination can 
be performed at
four incidence 
angles: 0°, 10°, 
50° and 82° and 
at three different 
wavelengths: 450, 
520 and 660 nm. 

Problem: Real non-periodic nanotextures cannot be easily reconstructed in 
optoelectronic simulations and exhibit an optical response between purely specular 
and ideally diffuse scattering.

CONCLUSION

The work of measurement and simulation was supported by the ORAIN 
project (Gobierno de Navarra), Grant Agreement No. 101122288, PC24-
ORAIN-005-002. The setup for angle resolved scattering measurement 
was supported by CHLOE Project PID2021-125786OB-C21, funded by 
MICIU/AEI/10.13039/501100011033 /10.13039/501100011033 and by 
the ERDF, EU.

▪ Spectral haze quantifies the scattered fraction of light and angle-resolved 

measurements determine its directional redistribution.

▪ Their combination enables experimentally informed optical modelling of non-

periodic nanotextures without explicit geometrical reconstruction.

▪ A parametric study of the influence of interface-specific scattering regimes,

considering both the scattered-light fraction and its angular distribution, on the

optical performance of perovskite solar cells is ongoing.

Real non-periodic surface
Conventional modelling approach

Currently only for reflectance measurements

Geometrical 
simplification of 
the real surface. 
Effective-medium 
approximation, 
idealized periodic 
texture and 
equivalent 
geometrical 
models

Manufactured at

Measurement setup for 
the spatial distribution 
of reflected optical power.

Once the sample is 
illuminated at a 
specific incidence 
angle with a laser 
wavelength, 
Detection is 
performed by
10 detectors 
simultaneously 
measure the 
reflected optical 
power at scattering 
angles from 0° to 
90° in 10°
increments. The 
detector array 
rotates 360°
around the sample.

Angular scans map the 
angular distribution of 
reflected optical power. 

Angle-resolved measurements capture the wavelength- and incidence-
angle-dependent scattering behaviour of textured surfaces.

Angular scattering distribution at normal incidence: (a) 660 nm, (b) 
520 nm and (c) 450 nm.

Transmittance, Reflectance and Haze graphs characterized with a 
spectroradiometer or spectrophotometer with an integrating sphere

Glass with a 
non-periodic 
nanotextured 
surface

Characterization of spectral haze and 
angle resolved scattering

Nanotexturized 
surface

Model simulation

Model simulated with Silvaco 
Victory Device

Assessment of the impact of 
experimentally characterized 
scattering on device 
photogeneration.

Haze describes how much light is scattered, but not its angular distribution.
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Flat 1,118 23,16 81,75 21,17

Diffusive interfaces 1,122 25,37 81,32 23,15

Difference (%) 0,37% 9,55% -0,53% 9,37%
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   R tot =  R dir +  R diff


   T tot =  T dir +  T diff  


    H T  ( 𝜆 ) =    T diff  ( 𝜆 )   T tot  ( 𝜆 )                    H R  ( 𝜆 ) =    R diff  ( 𝜆 )   R tot  ( 𝜆 )

