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SnO, BASED GLASSES

A viable photonic system

1Department of Civil, Environmental and Mechanical Engineering, University of

) 1,2,3
Thi Ngoc Lam Tran Trento, Italy

Marcello Meneghetti*? 2IFN-CNR CSMFO Lab., and FBK Photonics Unit ,Trento, Italy
Lidia Zur>2 3Ho Chi Minh City University of Technical Education, Vietnam
Thi Thanh Van Tran® 4Deparment of Physics, University of Trento, Italy

5Centro di Studi e Ricerche “Enrico Fermi”, Roma, ltaly

a7
Anna Lukowiak 6University of Science, Ho Chi Minh City, Vietnam

; 1,2,8 )
Daniele Zonta 7Institute of Low Temperature and Structure Research, Wroclaw, Poland
Giancarlo C. Righini®? 8Department of Civil and Environmental Engineering, University of Strathclyde, UK
Maurizio Ferrari2® °IFAC - CNR, MiPLab., 50019 Sesto Fiorentino, Italy

CSMFEO L A 5. CHARACTERIZATION and DEVELOPMENT of MATERIALS for PHOTONICS and OPTOELECTRONICS Laboratory
INTIBS PAN

& ~ UNIVERSITY OF "=~ CENTRO,FERMI 2¢O, UNIVERSITY OF
@@ TECHNOLOGY 4..,.....7»-»-, g SCIENCE E (@Ic

e & EDUCATION MR S RCERHE € WU OG0 RLA P VIETHAM NATIONAL UNIVERSITY HO CHIMINH GITY WRoCTAW

2,

(aUONG

1/9



MOTIVATION

Tin-dioxide Silica :

SN0 + Si0 Glass-ceramics

nY, v = xSn0, - (100 - x)SiO,

(nanocrystal) (amorphous)
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Figure HI From glass to glass-ceramic. (a) Nuclei formation, (b) crystal growth on
nuclei, and (c) glass-ceramic microstructure.

From: Glass-ceramics technology Book - George H. Beall and Wolfram Holand (2002)

Structural properties
Randomly oriented grains generally without micro-cracks, or other porosity.
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waveguiding properties (5i10,) + high cross-sections (SnO,)
®

SnO,: luminescence sensitizer for Rare-earth doped
materials

XSI’IOZ =

(100 - X)Sioz Reduction of non-radiative relaxation

Suitable for bottom-up & top-down processing

Possible applications: waveguides, amplifiers
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Photoluminescence
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PL spectra of xSnO,-(100-x)SiO,-1Er3*
(x= 10, 20, 30 mol%)
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IDEAS

Sol-gel processing
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From: Sol-gel https://commons.wikimedia.org/wiki/File:Sol- Films Fibers
Gel_Scheme.svg
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THE LITERATURE

Sn0O,
contents

Sn0O,
nanocrystal size

Porosity

Phase change
properties

Optical
properties

Doped with RE
ions
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Up to 15 mol% Up to 20 mol% Up to 20 mol%
(2002) (2006) (2012)

10 nm (15 mol% 4.4 nm (10 mol% ~ 5.5 nm (all SnO,
Sn0O,) Sn0O,) contents)

<1 m,/g after heat- --- <1 m,/g after heat-
treated at 750°C treated at 1100°C

Can be composed/ decomposed by thermal, X-ray radiation,
UV-Vis laser irradiation, and heat-treatment condition (in air,
oxygen, H,)

« UV-Vis photorefractivity (An~10-4)
» Third order and cubic nonlinearity
» Refractive patterning by femtosecond laser irradiation

* SnO, crystals transfer energy into RE ions. So, the
luminescence intensity increases depend on SnO, crystal
size.

+ Lifetime: 4-10 ms, depending on SnO, & RE dopant
contents.

« Dopants: Er3*, Eu3*, Tb3*, Sm3*, and codoped Eu3* and Th3*
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RESEARCH PLAN

g Thermal,
e spectroscopic,
e structural and
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e surficial properties

e Fibers
e R| patterning

;

(_

e Losses, gain
e Waveguiding
e Energy efficiency
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Samples status

xSn0, - (100 - x)SiO,-Eu3*

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6
: 95%Si0,- 90%Si0,-
L00%Si0 95%Si0,- 90%Si0,- 102%5'22' 5%Sn0, - 10%Sn0, -
2 | 5%sn0,- | 10%SnO,- 1%Eu 1%EU3 1%Eu3*
Shape

e |nitial heat-treatment: at 40 °C for first 3 days and at 70 °C for the next 4 days
Lack of final heat-treatment

10/20/2016

cube

pillar

Heat-treatment
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Samples status
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xSn0, - (100 - x)Si0,-Eu3*

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

95%Si0,- |  90%SiO,- B5%Si0,- | 80%SI0,-

100%Si0,- 5%Sn0,- 10%Sn0,- 15%Sn0,- 20%Sn0,-
0.5%Er3* 0.5%Er3* 0.5%Er3+ 0.5%Er3* 0.5%Er3+
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THANK YOU



