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We report on a process  for fabricating anti-glare surface textures  

for PV module glass  us ing a hybrid approach that combines laser 

texturing and wet chemical etching. This  texture scatters  

reflected light and thus s ignificantly  reduces glare. In addition, 

the textured surfaces  exhibit a reduction in total reflectance, 

which is  particularly  pronounced at high angles  of incidence, 

compared to an untreated glass  surface. The combination of 

these two properties  is  highly  desirable for the integration and 

acceptance of PV in urban environments  such as  BIPV.

Conclusion and Outlook

—
We have demonstrated an etching assisted laser machining process for 

fabricating anti-glare surface textures on PV module glass, which have 

shown effective anti-glare properties while reducing the reflection losses by 

≈ 40 %, thereby increasing module efficiency. We are investigating 

methods to accelerate the process and expect to achieve industrially 

relevant throughput.

Motivation and Process Description

Fig. 1: Process flow (left) and photo of a single-cell module with a half-textured cover glass (right). 

The untextured side shows specular reflection, while no reflection image is visible on the textured 

side.

Fig. 2 (right): Surface height map of 

the final glass texture by confocal 

microscopy.

Fig. 3 (bottom): Profiles along the red 

and orange lines indicated in Fig. 2.

Optical Characterization Results

◼ For low angles of incidence, the 

reflectance is reduced by ≈ 

40 %, compared to untextured 

glass.

◼ The decrease is more 

pronounced for shallow incident 

angles > 45 °. 

◼ Similar results are obtained by 

using a path tracing simulation.

◼ Modern anti-reflective coatings 

(ARCs) still outperform our 

texture in terms of improving 

module efficiency [2].

The glare is assessed by determining the amplitude of the specular reflectance 

peak. For the textured glass, the reflectance amplitude is reduced by a factor of 

> 1000 and the reflected light is scattered over a wide solid angle.

Fig. 5: Direct-hemispherical reflectance as a function of 

the light incident angle.

Fig. 4: The BRDF of the untextured surfaces (left) shows a significantly higher and narrower 

reflectance peak than the BRDF of the textured surfaces (center). The profiles through the specular 

reflectance peaks (right) show the difference in amplitude.

Optimizing the Process Throughput

Geometric Properties of the Texture

The optical properties of the textured glass sample are characterized using 

bidirectional reflectance distribution function (BRDF) measurements.

◼ Planar and uncoated PV module glass surfaces exhibit a reflectance of 

approximately 4 % under normal illumination [1], which leads to energy loss 

in a PV module and results in a significant degree of glare.

◼ Our goal is to:

a. Reduce glare by scattering the specular reflection

b. Reduce total direct-hemispherical reflectance

◼ Both aspects are already addressed industrially by applying a texture or a 

coating to the front surface of the module glass. 

◼ We present a maskless, hybrid texturing process that involves a fs-laser 

structuring step (a) and subsequent wet chemical etching using a 

hydrofluoric acid solution (b).

a) fs-laser process

b) after HF etching

◼ Using a prototyping process, we are able to produce samples of up to

150 × 150 mm2 in approximately 40 minutes. 

◼ We are currently investigating the use of high power lasers, interference 

optics (DLIP), diffractive optics and polygon scanners for process acceleration.

link to Fraunhofer ISE 
contributions of the 40th EU 
PVSEC, available as of 20.09.2023

This work was supported by the German 
Federal Ministry of Economic Affairs and 
Climate Action (BMWK) within the 
project HighFas (03EE1105A). 

𝜃


	Template
	Slide 1


