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Dielectric UV filters for
protection of fire-resistant glass
based on intumescent layers

R. M. L. Silva, H. Hashim, D. Roy, C. O. Fernandes, K. Oliveira, X. L. Pinheiro, M.
A. Esteves, A. Capelo, M. T. Donato, F. A. C. Oliveira, C. Ferreira, |I. N. Alves, T. C.
Diamantino, M. A. Barreiros, J. Rocha, J. P. Teixeira, P. M. P. Salomé.
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INL counts with fire-resistant glass
doors and windows protecting the
workers of the laboratories and the
1200 m? cleanroom
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Fire-resistant glazing facade

The glazing facade provides a natural
IHlumination and beautiful view from
INnside and outside the building
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Fire SAFETY

Extended UV exposure,
causing:

 Fire protection
performance loss

- Clarity loss/opacity

« Softening
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Whitening
effect
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What do we need?

UV protection!!!

Distributed Bragg-reflector

 High-n / Low-n double-layers

(TiOo,/SiO,)

« Nanoscale films - coating with

negligible weight

0

C. C. Palekar and A. Rahimi-Iman.
Phys. Status Solidi RRL, Volume
15, Issue 7, July 2021
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What do we nheed? NOA
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The coating needs to grant:

N\ \ ! 4

Nanoscale

1. High transmittance of the visible light thickness control

7 \ AN

2. Low transmittance of the UV radiation

3. Negligible weight —J
Solar | \
irradiance
4. Low-cost fabrication y=l
ot

uv
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Simulation

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

05
Optimization

The data from the UV filter
characterization is modeled and
analyzed, so the parameters for the
next batch can be determined.

02
Calibration

Ellipsometry spectroscopy measurements of
the SiIO2 and TiO2 films were taken for
thickness and refractive index calibration

04
Characterization

03

SEM, ellipsometry, and UV-Vis-NIR Fabrication
spectroscopy techniques were used to
investigate the samples’ morphology and

optical performance

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

OpenFilters

Open source
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Films coating for calibration

Sol-gel solutions
synthesis

Spin coating
Solvent evaporation

Analysis and dilution for
thickness control

IPA + HCL
@)

Mixing and stirring

IPA + TTIP
O

Mixing and stirring

IPA + HCL

Pouring

IPA +TTIP

e

Mixing and stirring

TiO, Sol
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UV filter

THICKNESS
CONTROL!"
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From simulations - What we need:
tTi02 — 37 nm / tsioz = 59 nm Solar

visible

Targeted reflected wavelength (A;) = 340 nm

: Transmitted

Reflected
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Nanoscale precision Mo
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From simulations - What we need: . ®
tTi02 — 37 nm / tsioz = 59 nm Solar

visible

Thickness variation (At) = 25-30 nm (+)

#" Reflected Transmitted

Visible

Reflectance (%)
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From simulations - What we need:
tTi02 — 37 nm / tsioz = 59 nm Solar

visible

Thickness variation (At) * 20 nm (+)
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Nanoscale precision

From simulations - What we need:
tTi02 — 37 nm / tsioz = 59 nm Solar

visible

Thickness variation (At) ® 10 nm (+)

Transmitted

— Reflected

Visible

Reflectance (%)

300 400 500 600 700
A (nm)
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Nanoscale precision o pl

From simulations - What we need:
tTi02 — 37 nm / tsioz = 59 nm Solar

visible

Thickness variation (At) ® 7 nm (-)
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~ 80
o~
o 60
O
c
8 40
O
@
o 20
Y

0

300 400 500 600 700
A (nm)

19




Films calibration

« Ellipsometr

Profilometr

42 nm
74£0.030 nm

ware | Options

mmands: Add Délete Save
N

+ MQDEL Options

+ FIT Options

+ OTHER Options
Configure Options

Turn Off A/l Fit Parameters

00rpm, Model. TOSC#100cm2#SLGS#B1#S2_2000rpm_spot

1-center_modei-Bspline

NANOF T
OPTOELECTRONICS,

AND ENERGY APPLICATIONS

opgn Snapshot | [ Save Snapshot \]

f | Variable Angle Spectroscopic Ellipso{nelric (VASE) Data
AN

Wavelenatn ‘"mt

— ProfiometerData

-0.10

elp

T - ig

4

Graph curve: [l Profilom

ﬂq

= ?rData

]

il

1
X= 30843um + N.A,

1 — e = -
7 , / / —w “W/10 w

| 1

1 ! !

| Paran:reter Error [

! h= 81.239nm + 3.5nm :

| 1

0 1

1

1.5

Y.= -2 £ o a
=-93.03pm = 2.0nm

Range™ 071143 to | 1.0793

mm

20



[ ] [ ] [} ( N A
A\VI @ VA
aSrrs N
NANOFABRICATION,
OPTOELECTRONICS;
AND ENERGY APPLICATIONS

« Surface treatment

« Spin coating

« Solvent evaporation

Sol-gel solution

~

Spin coater

—

 Repeat

C_ .

[ Drying on Hot Plate ]
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6+1 double-layers: 14 films
stacked

Substrates of CFG
e 2.5x2.5 cm?
e 5x5 cm?2

Low refractive index

High refractive index
Low refractive index

Thickness
precision

SEM cross-section of the UV filter
with 6+1 DL stacked

| |
I
High refractive index

Low refractive index

6 equal DL

‘Nominal thickness: ~679 nm

Glass substrate

e T T T T T S e [T T Measured thickness: ~669 nm

HV et mag %
500kv | TLD | 80000x | 3.0 | 52mm | 1.59pum | y: 218650 mm |0° | CN

>98.5%
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Results - optimization

Transmittance (%)
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Results - optimization
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Results - optimization

Structure Ro (%) w FWHM Transmission
Eq. data (AAi0pband) (R=50%) edge
4 DL (simul) 846 822 139 89 08
5DL (simul) 035 917 120 88 58
6 DL (simul) 973 962 109 84 36
7 DL (simul) 98.9 98.2 102 32 25
6+1 DL (simul) i 99.0 97 74 22

6+1 DL (exp) : 74 30
2

_ (ny/m)?N — ns] 4 (nH — nL)

— W =—.Aqy.arcsin
(ng/np)*N + ng ng +ny
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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

24



www.inl.int

-s\ AC ‘
|| NANOFABRICATION, o) S
OPTOELECTRONICS, ( i
AND ENERGY APPLICATIONS .’. L n E

+ THANK YOU &

. I/
for your presence and attention ee/
¢ REPUBLICA FAAtcIRGS Paia
PRR @3 i5wvacess RSS2 F2U o




	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

