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Incorporation of lanthanides (Ln) in
DOUBLE TUNGSTATES (DT)

ALTERNATIVE

PARTIAL SUBSTITUTION OF BIVALENT CATION

2 Ca2+XO4 (model)

M+T3+(XO4)2

4 Ca2+XO4

M+2CaT3+(XO4)4= M1/2Ca1T1/2(XO4)2
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Poster session Li0.75Ba0.5Gd0.675Yb0.075(MoO4)2

8 Ca2+XO4

3M+2Ca2+3T3+(XO4)8 = M3/4Ca1/2T3/4(XO4)2



Femtosecond lasers require large optical bandwidths
Ions with  phonon-coupling (Yb,Tm)  and hosts with lattice disorder
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SITES: Spectroscopic evidence of the sites, Yb
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Disordered (tetragonal ) MT(XO4)2 laser hosts
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Large sizes
Fast crystallization
Na & W losses

Czochralski method TSSG method 
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Disordered (tetragonal     ) MT(XO4)2 laser hosts
Czochralski and TSSG growth methods used
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NaLnTm(WO4)2 S      [Tm] 

(1020 cm-3 )

Cz 5at%Tm:NaYW -- ----

Cz     5at%Tm:NaLaW Na0.918La0.92Tm0.025       0.5    1.505

Cz     5at%Tm:NaGdW Na1-δ Gd1.07  Tm0.037 0.7    2.34

TSSG    5at%Tm:NaLuW 3.92

TSSG 10at%Tm:NaLuW Na0.973Lu0.947Tm0.117      1.1 7.847
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Growth of Tm-doped disordered (tetragonal     ) DT laser crystals
_
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Tm3+ energy levels related to 2 μm emission

• Tm-doped DT. 5 K Spectroscopy

σGAIN(λ)=βσEMI(λ)−(1−β)σABS(λ)
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Extensive research of Tm spectroscopic properties

in disordered (tetragonal     ) DT

ENERGY LEVELS OBTAINED FROM  5K MEASUREMENTS

• Tm-doped DT. 5 K Spectroscopy
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Extensive research of Tm spectroscopic properties

in disordered (tetragonal     ) DT4I
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Tm3+ energy levels. Energy level partition functions

1, 1σ 27801, 27951 – π 279141D
2

3, 2σ 21000, 21177, 21223, 21448, 21502 – π 21172, 214861G
4
(3H

4
)

1, 1σ 15019, 15145 – π 150313F
2
(1D

2
)

1, 2σ 14472, 14538, 14551 – π 14567, 145783F
3

3, 2σ 12584, 12603, 12621, 12790 – π 12763, 128633H
4
(3F

4
)

3, 3σ 8259, 8268, 8463, 8519 – π  8283, 8292 3H
5

3, 2σ 5596, 5742, 5769, 5892, 5918 – π 5726, 59123F
4
(1G

4
) 

π  35 , 362 – σ 0, 3263H
6

Γ
1 
, Γ

3,4
Energy  [cm-1]2S+1L

J

• Tm-doped DT. 5 K Spectroscopy

1400014200 14400 14500 14600 14700

0

10

20

14000 14200 14400 14500 14600 14700

0

2

4

6

8

35 cm
-1

5 K

50 K

150 K

300 K

(b) π

 

 

ENERGY [cm
-1
]

14500 14550 14600 14650

 

 

 

ENERGY [cm
-1
]

14567

14578d
(O

A
)/

d
E

  [
a

rb
.u

.]

 

 

O
P

T
IC

A
L

 A
B

S
O

R
P

T
IO

N
 [
c
m

-1
]

35 cm
-1

(a) σ5 K

50 K

300 K

Ezl= 5596 cm-1

3H6(0) belongs to Γ2 (based on Tm-doped CaWO4)

Absorption transitions Γ2 Γ2 not observed

5K OA alone can not provide full energy level list

Zl/Zu= 1.26



Absorption and emission (reciprocity) cross sections.
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Gain cross sections

σGAIN(λ)=βσEMI(λ)−(1−β)σABS(λ)

• Tm-doped DT. 300 K Spectroscopy
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Free running cw laser output operation.

Ti-sapphire pump.

0 200 400 600 800 1000 1200

0

50

100
0 200 400 600 800 1000 1200

0

50

100

150

200

π

 

  

 

ABSORBED POWER (mW)

σ

 

 

T
OC

=10%

T
OC

=5%

T
OC

=3%

T
OC

=1.5%

O
U

T
P

U
T

 P
O

W
E

R
 (

m
W

)

5at%Tm:NaLaW

0 200 400 600 800 1000
0

50

100

150

200

250

300

350

0 200 400 600 800 1000
0

50

100

150

200

250

300

350

ABSORBED POWER [mW]

      T
OC

(%) η(%)

  1.5   29

  3      35.3

  5      34.9

10      32.4  

 

O
U

T
P

U
T

 P
O

W
E

R
 [

m
W

] σ

π

 

 

      T
OC

(%) η(%)

  1.5  33.5

  3     37.4

  5     33.2

10     17.7

5at%Tm:NaGdW

• Tm-doped DT. 300 K laser results

0 200 400 600 800 1000
0

100

200

300

400

0 200 400 600 800 1000
0

100

200

300

σ

 

 

O
U

T
P

U
T

 P
O

W
E

R
 (

m
W

)

       T
OC

(%) η(%) 

  1.5   39.8

  3      44.5

  5      47.5

  10    50.3

5at%Tm:NaLu(WO4)2 

 

 

ABSORBED POWER (mW)

       T
OC

(%) η(%) 

  1.5   32

  3      33.2

  5      39.9

  10    34.7 π

0 200 400 600 800 1000 1200
0

100

200

300
 3

 

 

O
U

T
P

U
T

 P
O

W
E

R
 (

m
W

)

ABSORBED POWER (mW)

5at%Tm:NaYW

Toc (%)  η (%)

             37.8 

π

0 200 400 600 800 1000 1200
0

100

200

300

400

500
Sample  d=2.143 mm

5at%Tm:NaLu(WO4)2  

 

 

O
U

T
P

U
T

 P
O

W
E

R
 (

m
W

)

ABSORBED POWER (mW)

       T
OC

(%) η(%)  

  1.5  46

  3     50

  5     50.7

10     57.5
π



Laser Tunability.
Ti-sapphire pump.
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Laser operation under diode pump
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CONCLUSIONS

INFRARED SPECTROSCOPIC AND LASER CHARACTERIZATION OF 

Tm IN DISORDERED DOUBLE TUNGSTATES

• Optical linewidths of Tm3+ in tetragonal      DT are further broaded by  the thullium

occupancy of two different crystallographic sites and by the disordered environments

associated to the random occupancy of Na and host lanthanide in these same sites.

4I

•Tm-doped NaLnW single crystals without special cooling nor sample coatings showed

in continuos wave operation output laser efficiency above η=50%, output laser intensity

above 400 mW and smooth tuning range of up to 200 nm around 1930 nm. 

•The spectroscopic measurements predict little laser performance differences in  these

hosts, but in practice the present NaLaW crystal quality limits its laser performance. 

•The broad nature of the 3H4 optical absorption allows non critically wavelength pump

with diode laser. Laser operation under DL was shown in Tm-doped NaGdW.  
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