White Light Upconversion Emissions from
Tm3+ + Ho3+ + Yb 3+ Codoped Tellurite and Germanate
Glasses on Excitation with 798 nm Radiation
[Giri et. al., Journal of Applied Physics 104, 113107 (2008)]

MSE 576 Thin Films & Analysis Presentation
Deepak Rajput
Graduate Research Assistant
Center for Laser Applications
University of Tennessee Space Institute
Tullahoma, Tennessee 37388-9700
Email: drajput@utsi.edu Web: http://drajput.com
1 of xx

Outline
Introduction
Experimental
Results & Discussion
Absorption
Fluorescence
Emission
Upconversion studies / mechanism

Summary
2
2 of xx

Introduction: General
Radiative emission from rare earth doped glasses.
One of the mechanisms: Upconversion !!
White: Red + Green + Blue
RGB successfully obtained from Upconversion
luminescence of rare earth (RE) doped glasses.
White light generation: Control the intensities of RGB.
Host glass matrix: Very Important !! (because of QE)
Tellurium oxide and germanium oxide glasses have: high
solubility for RE ions, low phonon energies, and high
glass stability , and are suitable for this purpose.
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Introduction: Inspiration
Generation of RGB fluorescence in Tm3++Er3++Pr3+
triple doped fluoride glasses excited by two near-infrared
lasers emitting at different wavelengths (Downing et al*).

RGB figures drawn by IR
pump lasers.
Downing et al, Science 273,
1185 (1996),
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Introduction: contd..
Objective:
Up- and downconversion emission studies of Tm3+ +
Ho3+ + Yb 3+ codoped tellurite and germanate glasses.
The upconversion multicolor emissions were tuned to
yield white light for both tellurite and germinate triple
doped glasses.
Discuss the possible mechanisms.
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Experimental
The host glasses used:
75 TeO2 + 25 Li2O (Tellurite glass)
65 GeO2 + 10 TeO2 + 25 Li2O (Germanate glass)
Preparation method: Melt-quench
Raw materials:
GeO2 (99.9% pure)
TeO2 (99.9% pure)
Li2CO3 (99.0% pure)
Tm2O3, Yb2O3, and Ho2O3 (99.99% pure)
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Experimental ..contd
Triple doping level:
Tm3+: 0.5 mol %
Yb3+: 2.0 mol %
Ho3+: 0.6, 0.8, 1.0, and 1.2 mol%

Germanate glass: the melting temperature was 1100oC.
Good optical quality, stable against atmospheric pressure,
and suitable for absorption and luminescence
measurements.
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Experimental ..contd
Characterization
Absorption
spectra:
UV
1700
Pharmaspec
Spectrophotometer (270-1100 nm).
Excitation spectra: Xe-lamp (150W) in the region 300500 nm.
Flourescence emission (363 nm): JASCO FP 777
Spectrofluorometer.
Upconversion emission: Nd:YVO4 laser pumped CW
Ti:Sapphire laser (798 nm, 150 mW).
Upconversion
spectra:
Jobin-Yvon
iHR-320
Spectrophotometer attached to a PMT-M 1424.
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Results and Discussion: Absorption Spectra
Absorption spectra
Characteristic group of bands in the
UV, visible, and NIR.
They
correspond
to
4fn-4fn
transitions of Tm3+, Ho3+, and Yb3+
ions.
Tellurite glass, λ< 370 nm, the
absorption of the host glass
increases rapidly. Not seen in case of
germanate glass upto 270 nm.
Ionic absorption peaks are identical
in both the glasses.
They are assigned to different
electronic transitions of the RE ions.
The absorption peaks in tellurite
glass are sharper and more intense.

Optical absorption spectra
of 0.6 mol% Ho3+ + 0.5 mol %
Tm3+ + 2.0 mol % Yb3+

UV
Visible
NIR
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Results and Discussion: Fluorescence Spectra
Fluorescence spectra
(363 nm excitation)
This radiation excites the 5G4 level
of Ho3+ and 1D2 level of Tm3+ (next
slide).
7 emission bands = 5 Ho3++2 Tm3+
Seven emission bands observed in
both the host glasses are identical in
wavelength, but their relative
intensities are different.
Ho3+: 397nm (5G4→5I8), 431nm
484nm
(5G4→5I7),
(5G5→5I8),
547nm
[5F4(5S2)→5I8],
585nm
(5G4→5I6).
Tm3+: 457nm (1D2→3F4), 477nm
(1G4→3H6).

Tellurite glass

Germanate glass

Downconversion spectrum of 0.6 mol % Ho3+
+ 0.5 mol % Tm3+ + 2.0 mol % Yb3+ codoped
tellurite and germanate glasses on 363 nm
excitation. 1) 5G4→5I8 Ho3+, 2) 5G5→5I8 Ho3+,
3) 1D2→3F4 Tm3+, 4) 1G4→3H6 Tm3+, 5)
5G →5I Ho3+, 6) 5F (5S )→5I Ho3+, and 7)
4
7
4
2
8
5G →5I Ho3+ in both cases.
4
6

10
10 of xx

Results and Discussion: Fluorescence Spectra

5G

4

Ho3+

1D

2

Tm3+

Energy level scheme of Ho3++Tm3+ ions. The fluorescence emission transitions
in case of downconversion are indicated by arrow.
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Results and Discussion: Excitation Spectra
Excitation spectra
(300-500 nm excitation)
The excitation spectrum shows the
absorption bands due to Tm3+ in
addition to bands due to Ho3+ in
both the hosts doped with all the RE
ions.
It is perhaps due to the near equality
between the excitation energies for
some of the levels of Ho3+ and
Tm3+.
E.g., 3F2 (Tm3+) ~ 5F5 Ho3+ ;
5F +5G
3+
1G
3+
1
6 (Ho ) ~
4 (Tm ) ;
3D +3H +5G (Ho3+) ~ 1D (Tm3+).
2
6
2
2

Excitation spectrum with emission at 547 nm of the
0.6 mol % Ho3+ + 0.5 mol % Tm3+ + 2.0 mol % Yb3+
codoped tellurite and germanate glasses.
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Results and Discussion: Upconversion
Upconversion properties
Early studies* done on Tm3++Yb3+ codoped glasses with
798 excitation for white light and multicolor generation.
Yb3+, Ho3+, Yb3++Ho3+doped samples gave no visible
emission on 798 nm excitation.
Tm3+, Tm3++Yb3+, Tm3++Ho3+ emit in the visible region
on 798 nm excitation.
Tm3++Yb3++Ho3+ gives multicolor emission and also
white color by varying the concentrations of RE ions.
13

* Giri et al, Journal of Applied Physics 101, 033102 (2007).
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Results and Discussion: Upconversion
Upconversion properties (contd…)
Tm3+: Blue emission
Ho3+: Green and Red emission
Yb3+: Serves as a bridge for energy exchange between
Tm3+ and Ho3+.
In the present study:
The upconversion spectra of Ho3++Tm3++Yb3+ on 798
nm excitation are almost identical in both the glasses.
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Results and Discussion: Upconversion
Upconversion spectra
(798 nm excitation)
Tm3++Yb3+: Two emission bands
are centered at 477 nm (strong) and
659 nm (weak).
Two incident photons are involved
in emission of each such photon.
Tm3++Ho3+: Three emission bands
at 477 nm (weak), 660 nm (weak),
and 546 nm (strong) [5F4(5S2)→5I8]).
Tm3+ strongly absorb the incident
radiation at 798 nm (Ho3+ and Yb3+
don’t).
Upconversion spectra of Ho3++Tm3++Yb3+ codoped
tellurite glass on 798 nm excitation.
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Results and Discussion: Upconversion
Upconversion spectra
(798 nm excitation)

Ho3++Tm3++Yb3+ triple doped glasses:
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The primary excitation is of Tm3+.
Blue emission: 1G4 →3H6 (Tm3+) transition
Green emission: 5F4(5S2)→5I8 (Ho3+) transition
Red emission: Both 1G4 →3F4 (Tm3+) and 5F5 →5I8
(Ho3+) transitions
In triple doped glasses, the intensity of red emission is
greatly enhanced.
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Results and Discussion: Mechanism
Laser radiation: Tm3+ to the 3H4 (radiative ~200μs).
Tm3+ (3H4): Ho3+→Ho3+ (5I5) and Yb3+→Yb3+(2F5/2).
Ho3+ (5I5)→ Ho3+ (5I7) non-radiatively (~ 3 ms).
Ho3+ (5I7) can absorb an incident laser photon and get
excited to the Ho3+ [5F4(5S2)].
Ho3+ [5F4(5S2)]: Radiative decay: Green emission.
Ho3+ [5F4(5S2)]→5F5 non-radiatively.
5F →5I : Radiative decay: Red emission at 660 nm
5
8
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Results and Discussion: Mechanism
Yb3+(2F5/2) → Ho3+ and Tm3+ in two ways:
First mechanism:
A pair of Yb3+ ions cooperatively transfer their total excitation
energy to either an unexcited Ho3+ or a Tm3+ ion.
Ho3+→ Ho3+(2F2/3)→Ho3+[5F4(5S2)]: Green line.
Tm3+→ Tm3+(1G4): Blue line
2 Yb3+(2F5/2): Blue emission at 476 nm **
** may also happen and superpose on the blue emission of Tm3+.
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Results and Discussion: Mechanism

Energy level and mechanism involved in upconversion process.
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Results and Discussion: Mechanism
White light emission:
0.6 mol % Ho3+ + 2.0 mol % Yb3+ + 0.5 mol % Tm3+.
Excitation with ~ 120 mW power at 798 nm.
The white emission in tellurite glass is stronger than that of the
germanate glass.
Increasing the Ho3+ concentrations: more greenish
Emitted fluorescence is greenish for all the Ho3+
concentrations.
Increasing the power shifts emission to blue color.
Decreasing the power shifts emission to bluish red color.
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Thank You !!
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