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INL – Braga, Portugal
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INL counts with fire-resistant glass 
doors and windows protecting the 
workers of the laboratories and the 
1200 m2 cleanroom

Glass doors

The glazing façade provides a natural 
illumination and beautiful view from 

inside and outside the building

Fire-resistant glazing facade

www.inl.int
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Fire SAFETY
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Extended UV exposure, 
causing:

• Fire protection 
performance loss

• Clarity loss/opacity

• Softening



What do we need?
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Distributed Bragg-reflector

• High-n / Low-n double-layers 
(TiO2/SiO2)

• Nanoscale films –  coating with 
negligible weight

C. C.  Palekar and A.  Rahimi -Iman. 
Phys.  Status Solidi  RRL,  Volume 
15,  Issue 7,  July 2021  

UV protection!!!



What do we need?
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The coating needs to grant:

1. High transmittance of the visible light

2. Low transmittance of the UV radiation

3. Negligible weight

4. Low-cost fabrication

Nanoscale 
thickness control 



Process
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Optimization

Calibration
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Fabrication
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The data from the UV filter 
characterization is modeled and 

analyzed, so the parameters for the 
next batch can be determined.

Ellipsometry spectroscopy measurements of 
the SiO2 and TiO2 films were taken for 
thickness and refractive index calibration

The sol-gel synthesized solutions were 
alternately spin-coated to stack the layers for 
the UV filter formation

Characterization

SEM, ellipsometry, and UV-Vis-NIR 
spectroscopy  techniques were used to 

investigate the samples’ morphology and 
optical performance

Simulation
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Levenberg-Marquardt algorithms in 
OpenFilters software to optimize the stacked 
and encapsulating layers
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Simulations
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OpenFilters

Open source



Films coating for calibration
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• Sol-gel solutions 
synthesis

• Spin coating

• Solvent evaporation

• Analysis and dilution for 
thickness control

Spin coater

IPA + HCL

IPA + TTIP

Mixing and stirring

Mixing and stirring

IPA + HCL

IPA + TTIP

Pouring

TiO2 Sol

Mixing and stirring

Drying on Hot Plate



UV filter
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THICKNESS 

CONTROL!!!



NOA Group
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Nanoscale precision
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Common glass



Nanoscale precision
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From simulations - What we need:
tTiO₂ = 37 nm / tSiO₂ = 59 nm

Targeted reflected wavelength (λt) = 340 nm



Nanoscale precision

From simulations - What we need:
tTiO₂ = 37 nm / tSiO₂ = 59 nm

Thickness variation (Δt) ≈ 25-30 nm (+)
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Nanoscale precision
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From simulations - What we need:
tTiO₂ = 37 nm / tSiO₂ = 59 nm

Thickness variation (Δt) ≈ 20 nm (+)



Nanoscale precision
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From simulations - What we need:
tTiO₂ = 37 nm / tSiO₂ = 59 nm

Thickness variation (Δt) ≈ 10 nm (+)



Nanoscale precision
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From simulations - What we need:
tTiO₂ = 37 nm / tSiO₂ = 59 nm

Thickness variation (Δt) ≈ 7 nm (-)



Films calibration
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• Ellipsometry

• Profilometry

• UV-Vis
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UF filter fabrication
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• Surface treatment

• Spin coating

• Solvent evaporation

• Repeat

Spin coater

Drying on Hot Plate

Sol-gel solution



10 cm

1
0

 cm

UV filter characterization
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5 cm

5
 cm

• 6+1 double-layers: 14 films 
stacked

• Substrates of CFG
• 2.5x2.5 cm2

• 5x5 cm2

• 10x10 cm2

Thickness 
precision

>98.5%



Results - optimization
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Structure
λ at T ≈ 10%

λL (nm)
λ at T ≈ 90%

λH (nm)
Transm edge

Δλ = λH – λL (nm)

4 DL (simul) 340 438 98

5DL (simul) 358 416 58

6 DL (simul) 368 404 36

7 DL (simul) 373 398 25

6+1 DL (simul) 370 392 22

6+1 DL (exp) 372 402 30



Results - optimization
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Results - optimization
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Structure
R₀ (%) W

(Δλstopband)
FWHM 

(R=50%)
Transmission 

edgeEq. data

4 DL (simul) 84.6 82.2 139 89 98

5DL (simul) 93.5 91.7 120 88 58

6 DL (simul) 97.3 96.2 109 84 36

7 DL (simul) 98.9 98.2 102 82 25

6+1 DL (simul) - 99.0 97 74 22

6+1 DL (exp) - 99.9 97 74 30

𝑅0 =
Τ𝑛𝐻 𝑛𝐿

2𝑁 − 𝑛𝑆

Τ𝑛𝐻 𝑛𝐿
2𝑁 + 𝑛𝑆

2

𝑊 =
4

𝜋
. 𝜆0. 𝑎𝑟𝑐𝑠𝑖𝑛

𝑛𝐻 − 𝑛𝐿

𝑛𝐻 + 𝑛𝐿

𝑊 = 97𝑛𝑚𝑅0 (8𝐷𝐿) = 99.6%



Conclusions

24

We fabricated UV filter coating on glass substrate that has:

1. High transmittance of the visible light

2. Low transmittance of the UV radiation

3. Negligible weight

4. Low-cost fabrication



THANK YOU
for your presence and attention

www.inl.int


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27

