Tm:CaF, nanoceramics:

spectroscopic and laser properties
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Motivation

Two-micron laser radiation is widely used :
e in medicine

= monitoring of various gases (for example NO,, CO,, NH;)
in the atmosphere

= scientific investigations and special engineering




The objectives

* Investigation of ceramics microstructure by scanning
electron microscopy (SEM) and atomic force microscopy

(AFM).

* Comparison of absorption and luminescence properties
of the ceramics and CaF,:Tm single crystals.

* Analysis of lasing properties of the CaF,'Tm ceramics
and crystal
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Thermal conductivity of CaF, samples: natural sample from
Suranskoe deposit, Urals Mountains (1), single crystal (2) and

synthesized optical ceramics (3) [1].

Index of refraction
n

546,07 nm
CaF,-SrF,-YbF,

CaF,

Single crystal

1,4349 + 0,0002 1,4456 + 0,0002

Ceramics

1,4348 + 0,0002 1,4458 + 0,0002

Optical properties of synthesized ceramics and single crystals [2].
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Optical transparency of synthesized CaF, ceramics (1, 2)
and CaF, single crystal (3) [3].
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Optical transparency of CaF,:Tm ceramics

Ceramics CaF,:Tm

The active elements of ceramics CaF,:'Tm

The single crystals and ceramics samples CaF,:Tm were obtained at the Prokhorov General Physics
Institute, Russian Academy of Sciences and INCROM Ltd.



Experimental setup
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Microstructure of hot-formed CaF,:Tm ceramic
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SEM image of hot-formed CaF,:Tm ceramic samples at magnifications of (a)
100 and (b) 50



Nanostructure of hot-formed CaF,:Tm ceramic
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AFM images of a fracture surface of the CaF,:Tm ceramic
at different magnifications.



Absorption spectra of the single crystal and ceramics
CaF,:Tm
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The absorption spectra of CaF,:Tm (2 mol.% TmF;) single crystal and ceramic samples
((a) 3Hg —3H,, (b) 3Hs—3F, transitions, T=300 K)



Luminescent properties of the single crystal and ceramics
CaF,:Tm
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Lasing properties of the CaF,:Tm crystal
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Schematic diagram of the laser experimental setup.
1- pump laser diode, 2-optical fiber, 3-lens (f=19,5 mm),

4-input mirror, 5-Tm:Cal’, sample, 6-output mirror
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Oscillation spectrum of CaF,:Tm crystal
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CaF,:Tm (6 mol.% TmF,) crystal lasing under LD
pumping



Lasing properties of the CaF,:Tm ceramics
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CaF,:Tm (4 mol.% TmF,) ceramics lasing under
LD pumping



Conclusion

CaF,:Tm fluoride laser ceramics prepared by hot-forming. Analysis of the
microstructure of ceramic CaF,:Tm has identified that its grain structure is
organized hierarchically. Smallest grains have a size not exceeding 10
microns, the largest up to 100 microns. In AFM images of the CaF,”Tm
ceramic, a fine layered structure is well seen. At higher magnifications, the
fracture surface is seen to consist of lamellae from 50 to 250 nm thick.

Optical absorption and emission spectra for CaF,:Tm ceramics have been
measured and compared to that of single crystal. Almost identical results
have been obtained.

For the first time to our knowledge, the laser quality CaF,:Tm fluoride
ceramics was prepared and laser oscillations under diode pumping were
obtained at 1898 nm.

13



Thank you for your attention!
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Development of fluoride nanoceramics

Hot Deformation of
Nano Powder Hot :
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Absorption spectra of the single crystal and ceramics
CaF,:Tm

0,12 -
gy | crystal
o J i 0.7 crystal
=2 0104 ceramics g ) ystal
p 3 ceramics
E d = 0,6 4
£ 008+ =R
= ] . 054
2 =)
» 0,06 4 5 0.4
7] Py e =
S ] L
o 0,04 4 2 034
=] =
= 1 b
£ 0,02 & 024
2 ! &
£ S 014
< 0,00 2z
= 004
0,02 T T T T y T T 1 T T T T T T T T T
450 460 470 480 490 640 660 680 700 720
Wavelenght, nm Wavelenght, nm
a -

crystal b

ceramics

cM™

=20

Absorption cross section, 10

T T L§ T L T T 1
740 760 780 800 820 840
Wavelenght, nm

C

The absorption spectra of CaF,:Tm (4 mol.% TmF3) single crystal and ceramic samples ((a)
3H, —1G,, (b) 3Hg —3F,+3F,, (c) 3Hs —3H, transitions, T=300 K) 16
13



Absorption spectra of the single crystal and ceramics
CaF,:Tm
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Luminescent properties of single crystal and ceramics
CaF,-4 mol. 2% TmF,
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CTpykTypa MOHOKpUcCTannoB CaF,.:Tm
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EXAMPLE OF CRYSTAL STRUCTURE
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Fluorite structure (CaF2)

http://www.eng.uwo.ca/es021/ES021b_2007/Lecture%20Notes/Chap%2012-13%20SN%20-%20Ceramics.pdf
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IToAyuenne 2-MKM reHepanuu Ha noaax Tm3*
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