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Visible lasers
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Solid-state visible lasers
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» Less complex setups

» High quality output beams

k Optically pumped
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4-level laser scheme
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Praseodymium trivalent ion
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Praseodymium trivalent ion
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Fluoride crystals

4 )

v Non-hygroscopic and stable
v Wide transparency windows
v Reduce non-radiative decays
V' Suitable for Pr-doping

X More complex to grow

X More expensive
\_ J
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Czochralski method
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Multiple polarization orange and
red lasers in Pr-doped Barium

Yttrium Fluoride (BYF)
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Pr:BYF orange and red lasers
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» Monoclinic structure

» Three different optic axes

» Multiple emission spectra
\_ J

Formula: BaY,Fs
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Pr:BYF orange and red lasers
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Pr:BYF orange and red lasers
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Pr:BYF orange and red lasers
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Pr:BYF orange and red lasers
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» Orthogonally polarized

» Orange: same wavelength

» Red: difference is in the

5 Terahertz region p

A. Sottile et al., Opt. Express 22, 13784 (2014)
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Deep red laser emission in
Pr-doped Potassium

Yttrium Fluoride (KYF)

Alberto Sottile

Visible solid-state lasers in rare earth doped fluoride crystals




Pr:KYF deep red laser

)

{
V%

ya
8

‘ \ "';/ K g IR
l'; '\(‘\\"\.. ,.‘!\
a2

WA,

,
%

/
\\"

Formula: KY;3Fig

(

v Unpolarized emissions

v Symmetric output beams

v Easier to handle and store

v Tested in the visible region
X Growth is not yet optimized

X Lower performances so far

\_
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Pr:KYF deep red laser
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Pr:KYF deep red laser

( Absorption spectrum )
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Pr:KYF deep red laser
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A. Sottile et al., Opt. Lett. 40, 1992 (2015)
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Wavequide inscription and laser
in Pr-doped Potassium

Yttrium Fluoride (KYF)
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Pr:KYF waveguide laser [E

Benefits of guided channels with respect to bulk crystals &
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» Confined interaction between
pump and output laser beam

» Higher slope efficiencies, lower
threshold powers, suitable for
weaker laser transitions

» Reduced sizes and influence of
thermal and external effects
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Pr:KYF waveguide laser
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» IR laser pulse releases energy

via multiphoton absorption

» Stress-induced birefringence
caused by pressure of tracks

k Undamaged guided channel
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Pr:KYF waveguide laser

ry
s

FEITRETY

P"‘.f”r ™

'».

P
r
.:
. -
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Pr:KYF waveguide laser
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T. Calmano, A. Sottile et al., in ASSL 2015, AW1A.5
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Future activities
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Future activities
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Insulating shields - ~
» Only way to shrink size of
Crucible fluorides without damages

RF coil » Tested in the IR region
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Grown Fiber

Seed
Seed Holder

=25 3 3 S B I S ES RS # 8 X . & TR 24% L - I i1l 209 CRSBESEEAA LS ES IRASE DRSS
. *8 & 3 9 R ! ? & =8 3 : L2 I ERI RSN NSO P EREN P ESOR GRS T DR E I E S ERG IV SRR EST
4 PR < 5 3 3 t213 ) = =11 v ST T L R B I S EESEERD RSS2 EEEREERS. SRS SSECESEESS SESRECSIRND SRS .
- —— — 4+ - P SRS & _}..,.. et RESRNESSRE 4 i $+ 3 i
; et 3T 8 i - RS 3 : — ) EREN i i sl SEAS FEE ' L R2RNS ATTSESAEN]
. B — i3 ) RET ESRI =T FERR any ) xR ERS T2 iEEEAesE 2 EREISETF RIS EEA $
e .53 TP L LRGP LS NS ERERS rre I ESE SNSRI SR ELSIELEILERILACEEENRITE
s o
b
,,,,,, - - - & 3 : g :
e —~ it — e + - iy <+ - e — >k
s o 3 5 SST EEERAS . - .2
[ 3 ke e - - A it -
| & 5 - Fee S s 153 IS EE A
- >t - + : T
- : - ~——— e
> e dadt
. gy —
- I BE TSRS SIS DEE 6 53 &

Alberto Sottile Visible solid-state lasers in rare earth doped fluoride crystals



Summary

— Research on innovative visible lasers in
Pr3+-doped fluoride single crystals

490 nm
520 nm
550 nm
610 nm
640 nm
720 nm

— Multiple polarization laser study in
Pr:BYF at 607 nm, 639 nm, and 643 nm

— First deep red laser characterization in
Pr:KYF with improved optical quality

— First waveguide laser in Pr:KYF with
uniaxial channels and higher performances
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