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Aluminium garnet compound family

Y,Al:O,, (YAG) : 1960s

\ 4

Lu;Al:O,, (LUAG) : 1990s

\ 4
\ 4

¥

lon lonic radius
(A)
Y3+ 0.900
Lust 0.977
Gds3* 1.053
Al3* 0.535
Gad* 0.620

A4(B,C)s04, : Until present

Possible A element =, Lu, Gd or mixing between them
Possible B & C element = Al, Ga or mixing between them

Multi-component garnet




Aluminium garnet compound family

| Flashtube

Y:AI0,, (YAG) : 1960s = | |
Lu;Al;0,, (LUAG) : 1990s i

Scintillator Photo Multiplier (PMT)

< > < -
W YW vy AAAAL +
photo nodes anode
cathode
‘ Radiation
‘/\/\j\/\' scintillation
hoton
oto
electron
charged particle

A4(B,C)s04, : Until present

Possible A element =, Lu, Gd or mixing between them
Possible B & C element = Al, Ga or mixing between them

Doped with Nd3* — Strong luminescence for laser / photonic



Light Amplification by Stimulated Emission of Radiation

Energy Gain Medium
pumping YAG:Nd single-crystal
YVO,:Nd single-crystal

Stimulated
photons

Laser Output
Reflector 1 Reflector 2
(R~100%) (R<100%)
energy of
atom lifetime ~ 107" s
, — O 9\
excited N
“ | 90000
metastable /| | | | | W\ A A
state W"
Q Y
ground

slate



Bulk material
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Crystalline A203 Glassy A203

Single-crystal Glass
Crystalline structure Amorphous structure

Obvious electronic bandgap

Unclear electronic bandgap

Difficult for preparation

Easy for preparation

Can prepare in limited size and shape |Can prepare in various sizes and shapes
with same properties

Chemical ratio is strict and fixed Wide range of chemical ratio

High production cost Low production cost




Light Amplification by Stimulated Emission of Radiation

Input energy

Laser glass Laser glass
Oscillator Amplifier
Highly Reflective Mirror Partially transmitting

R = 100% output coupler

https://www.schott.com/en-gb/solutions-magazine/edition-1-2022/from-light-to-laser

energy of _
ET’” | o lifetime ~ 107 s
:l}:ar:lgm lifetime ~ 10~ g
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Optical fiber / wave guide amplifier
How about Nd** doped glass ?
Er3* doped glass

‘ ‘ ‘ WDM coupler

Ihput signal

Pump LD

Nd3*

(

N Armplified signal

=5 *V/Z__—n . .- “sea ‘
B I
Optical isolator

Optical isolator

https://www.fiberlabs.com/glossary/fiber-amplifier/

First Window

Eafly 1980's

Second Window

Third Window (The “L’-Brand)

Optical Loss (dB/km)
Third Window (The “C”-Brand)
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https://www.fiberlabs.com/glossary/fiber-amplifier/

Strong luminescence properties of Ln3*

*Photon
*Electric current
*Chemical reaction

*Neutron

*etC
Ln3* Emission T
Sm3* Red-Orange ms
Dy3+ Yellow-Blue, White ms
Eus* Red ms
Nd3+ NIR, A/2 to Green us
Erd+ NIR, Up-conversion to Red ms
Th3* Green ms
Ce?* Blue ns

*|ntense emission
*Sharp emission band

Intra 4f-4f transition

> Forbidden, but stable,
Support by asymmetric
ligand

Inter 4f-5d transition
4= Allowed, but easy to disturb



GaLuAlYB:Ce glass composition

lOGd203-15AI203-156a203-1OY203-(50-x@ 1@
\ J

Y
: v
Adapted metal oxide from Excellent glass former
multi-component garnet family . High transparency

x=0.0050105 1 2 3 4mol% *Highchemical durability
| T » Non-hygroscopic

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, * Easy to form network

............

x=0fx=0.05 = = x=0.1 x=0.5 * Good Ln3* solubility

Strong NIR luminescence

* Popular in solid-state laser

« Can be converted to green laser

* Not fast decay time
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Glass preparation (melt - quenching)

H3BO; | Y,0; ||Nd,0,

Mixing

High purity Melt at 1400 °C for 3 hr

chemicals l

Cut and polish Anneal at 500 °C for 3 hr Quenching



p; Archimedes principle

Characterization Instrument

, Absorption spectra

. 4-digit sensitive microbalance
o (Denver, Pb214)

" Exc. monochromater
& grating '
) — J

Abbe refractometer
(Atago, NAR-1T)

PTI QM-300, HORIBA C: Life time optional device



Absorption | fexp =4.318x 10 J a(v)dv
spectrum | =———————>>
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Parameter Name Indication or meaning
foxprcal Oscillator | The experimental/calculated transition strength of Ln3*
strength under photon absorption
Q, J-O parameter | - Asymmetric environment surround Ln3*

- Covalency between Ln** and ligand

Q, & Qg Viscosity and rigidity of glass
Ag Radiative The transition probability (rate) of Ln3* cause photon
Ny transition emission
T Z : probability
p Branching | Emission ratio and lasing power
ratio
O Stimulated | - Stimulated emission probability
emission - Laser threshold (energy used to start the lasing action)
cross-section | - Gain laser application (ratio of output/input energy)
Th Radiative life | Time of pure radiative transition
time
Toxp Experimental | Time of radiative combined with non-radiative

life time

transition




Molecular mass (I\/II), Density (p) & Refractive index (n)

M, (g/mol)

p (g/em’)

- 1.6530
148 + ;_4'25-—1.6528
146 - / 'L 420 16526
!/ - 16524
T / " [Pl 1es22
14 \+ ° _._pT —4.10_— 1.6520
\ /! —A—p 16518
- 4.05¢
140 /é< | F1.6516
L 4.00[

155 F?‘ % +\§ _ 1.6514/
| #® g8 LOe
Bt —  }1.6510

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 40 s
Nd,O; concentration (mol%) P _ -
7’ - - - -
7 -
. P e -
Lorentz — Lorentz relation - -~
-
2 ’ 3
n“—1 ;
( ) — p R n decreases via
m y
(n?+1) M - M addition

Change of M} is more
effective than that of p

n

Mass of Nd,O;> Mass of B,O,

4

N '(SO'X) 8203'XNd203

B,0O, replacement by Nd,O,
make M of glass increase

Y
Y
Y
e

4

L p increased with
addition of Nd,O,




distance (r;)

Molar volume (V) , polarizability (a;,). Nd-Nd

S & Field strength (F)
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Molar volume (V). polarizability (a, ) Nd-Nd distance (r;)

R & Field strength (F)
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Absorption spectra

T = &C
4, —
T = - —— GdYAIGaBNd0
. 9/2 52 —— GdYAIGaBNd005
- 5 - 583 ——— GdYAIGaBNd01
'E ms/z —— GdYAlGaBNdO05
2 3.0 0 4G —— GdYAIGaBNd1
B 2 °F, | GdYAIGaBNd2
2 25- S ap. | o | GdYAIGaBNd3
£ 4 2| 2 ||—— GdYAIGaBNd4
3 Gy, | ol ey
1> 2.0 1 \/ 2 C~ 4
.g 4 v F3/2
-
e 15 & || v
’s 1 4(}l 1/2 (f/‘ “ g
2 - 'F
2 104 p “ 9/2 ‘x
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E
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a3
SM -ciiE i
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Absorption coefficient (cm™)

1.6
| 417> —— GdYAIGaBNd0
e —— GdYAIGaBNd005 3, 2447
: —— GdYAIGaBNdo01
] —— GdYAIGaBNd05
1.2 — GAdYAIGaBNd1
1 ——— GdYAIGaBNd2
1.0 4 ——— GdYAIGaBNd3
1 —— GdYAIGaBNd4
0.8+
4
0.6 H Lis,
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0.4
0.2
0.0 / — / r
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Wavelength (nm)

¥

> 14 transitions from 41y, ground of Nd3*
» The strongest*ly,, — °Gg/, hypersensitive
(HS) transition at X = 3 mol%

Nd3* environment is most asymmetry
» The ligand-field splitting for 41,/ level
in glass with x > 1 mol%
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J-O analysis of GdYAIGaBNd1 glass
(Absorption spectra)

Absorption | Transition| GdYAIGaBNd1

wavelength | 41 _, foro f,
(nm) (x10) | (x10°)
431 °Pyjo 0.80 0.82
461 *Guap 0.82 0.37
475 ’K 15/ 2.26 0.54
515 "Gor 4.54 2.43
526 ‘G 5.42 5.51
583 *Gsyo 23.89 23.86
681 *Foro 0.89 0.99
147 F20 8.95 9.00
806 Fsio 0.78 10.18 4
875 aF 3 3.05 3.47

Orms 0.89 ;

!

Q, =6.44 x 1020 cm?
Q, =5.91 x 1020 cm?
Qs =9.12 x 10%° cm?

X:Q4/Q6:O.65

4

4 4
Fap — “lp

Aem = 1064 NM 4, — 4o

k‘.“c
F 2

-

Aem =915 Nm




Comparison of J-O parameters

Q (x102° cm?)
Glass X Ref.
Q, Q, Q;
GdYAIGaBNd1 6.44 5.91 9.12 | 0.65 | Thiswork
Hoya LHG-80 3.60 5.00 550 | 0.91 | A doseetal2022
Schott LG-770 4.30 5.00 560 | 0.89 | A doseetal2022
Kigre Q88 3.30 5.10 560 | 0.91 | A doseetal2022
PbFBaFAIB:Nd 5.77 368 | 401 | 0.91 | PR Ranietal2021
PbGe:Nd 5.61 6.34 | 6.42 | 0.99 | A Herrera etal. 2021
NaKFCaFAICaP:Nd 7.35 689 | 970 | 071 | reRgpEee
BaZnLiFNaFLiB:Nd | 8.68 797 | 1275 | 0.62 | “FONT
NbKZnFLiFSi:Nd 10.26 6.38 6.06 1.05 | D Remachanetal

21




Intensity (arb.units)

Photoluminescence (PL) spectra
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Normalized intensity (arb. units)
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J-O analysis of GdYAIGaBNd1 glass

(Emission spectra)

A, | Transition GdYAIGaBNd1 H_ighelst pdrobal_oility for
stimulated emission
(nm) 4|:3/2 — AR A/leff Oge ﬁexp v
(s | (nm) | (x10?°cm?) /
9015 | “lap  |2052| 4231 | 165 _0.02
1064 |  “lup | 2948 | 45.39 4.05% | 0.69 4— W'””e:_[_f’f |
y competitively
1337 l1312 606 63 1.48 0.29 emission transition
T for 4F;,, level = 177.40 us 15000 |- ‘
ot S,
Quantum efficiency (n) - Far
Texp 3 g 10000 | gl gl ! Fe
= X100 = X100 =41.82 9 < o w| =l ! ,
TR 177.40 /o ¢ g = gl MM
g 5000 b | 4'1512
- Y : 4
v : 4I13/2
0 I v # 12

Nd3+ 9/2



Comparison of radiative parameters

Glass Al Gse A X O, Texp I n
(cm) | (x10°cm?) | (x10%cmd) | (us) | (x10°W/m?) | (%)

GdYAIGaBNd1 45.39 4.05 1.84 74.18 6.22 41.82
Hoya LHG-80 23.90 4.20 1.00 : : :
Schott LG-770 25.40 3.90 0.99 : 3 :
Kigre Q88 21.90 4.00 0.88 : 3 :
PbFBaFAIB:Nd 34.80 7.23 2.52 245 1.04 90.00
PbGe:Nd 37.33 4.52 1.69 88 4.64 64.00
NaKFCaFAICaP:Nd 33.22 4.92 1.63 200 1.87 98.92
BaZnLiFNaFLiB:Nd | 32.46 2.60 0.84 62 11.44 17.00
NbKZnFLiFSi:Nd 38.00 4.30 1.63 135 3.18 78.00

Character of GdAYAIGaBNd1 glass

> Wide A4 and AAy X O

» Fair o.and I
» Quite Short 7y,

=)

Approach to applications

Point to improve

» Upgrade n

» Potential optical amplifier
» Interesting laser medium




Conclusion

VvV V V VY

A\

Nd,O5 addition — more density but less refractive index
Overview behavior: Nd,O4 is glass modifier for GdYAIGaB glass
GdYAIGaBNd glass is weak paraelectric material

The optimum Nd,O5 concentration : 1 mol%

Strong absorption at 806 nm produces the strong luminescence
at 1064 nm with decay time ~74 us

Judd-Ofelt analysis: potential amplifier for laser and optical
telecomunication



Acknowledgement

» Muban Chombueng Rajabhat University (MCRU)

» Center of Excellence in Glass Technology and Materials Science
(CEGM) Nakhon Pathom Rajabhat University (NPRU)

» This work has been supported by Thailand Science Research and
Innovation (TSRI) in project No. 194462 (2024).



Thank you



Luminescence materials for photonics

it warids | |

*Photons / Radiation _
‘ElECtriC current . PhO'[OI’]S pl’OdUCtIOI’]

*High energy particles
*Chemical reaction

*Mechanical action —— Photons guide
*etC

—— Photons conversion

L_uminescence
Bulk materials

Well-known and widely used

s Challenge to develop

ingle-crystal Transparent

Ceramic
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2 10 11 12 13 14 15 16

1 T Atomic #
Symbd

1H
T Ao i | Metals || Nonmetals |

4 . .
Be .
Beryllium
9.012182
2
Mg

Idagnesium
243050

suIE |y

sfelew yueo

20
Ca
Calcium

117

Uus
Ununsegfum

For elements with no stable isotopes, the mass number of the isotope with the longest half-life is in parentheses.
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Aluminium garnet compound family

Cubic crystalline structure
Y3A|5012 (YAG) 19608 Garnet, {A}3[B]2(C)3012 - Dodecahedral (8 fold)

' {A} site...24c site

Lu;Al:O,, (LUAG) : 1990s

Octahedral (6 fold)
[B] site ...16a site

. Tetrahedral (4 fold)

.8 (C) site...24d site

4 Tetrahedral (4 fold)
Ia3d (No. 230)

anion site...96h site

Ueda, J., Tanabe, S. (2019). Optical Materials: X, 1, 100018

As(B,C):04, : Until present

Possible A element =, Lu, Gd, Sc or mixing between them
Possible B & C element = Al, Ga, Sc or mixing between them

Multi-component garnet
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Luminescence glass material

| n3*

L

Require
the excellent luminescence center

L

Difficult for self-emissio
with strong light signal

n«<

Glassy A203

Glass

Amorphous structure
it

\Unclear electronic bandgap

e ——

Easy for preparation

o

Can prepare in various sizes and shapes
witch same properties

Wide range of chemical ratio

Low production cost




Luminescence glass material
57 i 98 i 59 éeo 561 '562 1: 364 566 566 367 368 ‘:69 ‘:70 371 é
la iCe iPr iNd %Pm iSm %Eu 5Gd 5Tb 5Dy %Ho %Er *Tm iYb iLu ¢
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Require

the excellent luminescence center

Glass

L

Difficult for
Intrinsic luminescence

@ C

Amorphous / Random structure
@ar electronic bandgap & @

e ————

Easy for preparation

Can prepare in various sizes and shapes
which the same properties

Wide range of chemical ratio

Low production cost




Glass defect

\

PEROXY LINKAGE ?
R
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OXYGEN VACANCY - \
R,Ra,Rg = Network Formers = Si,B,P,Ge, Al,..

C = Monovalent Network Modifying Cation = H Li,Na,K, ...



Glass preparation (melt - quenching)

H3BO; | Y,0; ||Nd,0,

High purity Melt at 1400 °C for 3 hr

chemicals l
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Cut and polish Anneal at 500 °C for 3 hr Quenching
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