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Abstract:

In this work, two types of ytterbium (Yb) doped laser materials are studied, crystalline Yb:YAG
and amorphous Yb/Al silica in both preform and fiber. Yb is suitable as a laser ion because of its
simple energy level structure and low quantum defect. The ground and excited energy levels
are separated by ~10000 cm™!, but the existence of another transition in the ultra violet (UV) re-
gion causes problems in a Yb doped laser. The UV absorption band represents a charge transfer
(CT) transition which involves the transition of an electron from a nearby oxygen ion to the
Yb ion and changes the Yb ion from trivalent to divalent with the corresponding formation of
a hole center. The color center formation causes a permanent optical loss in the material in the
visible to near infrared (NIR) spectral region, which absorbs the pump and laser wavelengths.
The output power of the laser is reduced and this is known as the photodarkening (PD) pheno-
menon.

It is suggested that the excited state absorption of the Yb®" ion is involved in the transfer route
of NIR photons to the UV range.

The increase of Yb?*" upon UV irradiation is shown in both Yb:YAG and the Yb/Al silca preform.
The existence of Yb?" luminescence from a photodarkened fiber is also shown, which proves
that PD occurs through a CT process.
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Sammanfattning:

I det hér arbetet studeras de tva ytterbium-dopade lasermaterialen Yb:YAG och Yb/Al-dopat
glas i form av bade preform och fiber. Ytterbium ar lamplig som laserjon pa grund av sin enkla
engerginivastruktur och laga kvantdefekt. Grundtillstdndet och det exciterade tillstdndet ar
separerade med ~10000 cm™!, men det finns ytterligare en dvergang, i UV-omradet, som kan
skapa problem i en ytterbium-dopad laser. Denna UV-absorption innebér en laddningsover-
foring (CT) fran en omgivande syrejon till ytterbiumjonen och leder till en valensandring i yt-
terbiumjonen fran trevard till tvavard och bildandet av ett fargcenter. Bildandet av fargcenter
skapar en permanent optisk forlust i materialet, i det synliga till ndra infrardda omradet, vilket
absorberar pump- och laserstralningen. Laserns uteffekt reduceras och detta fenomen ar kant
som “photodarkening” (PD).

Det foreslas att absorption fran det exciterade tillstdndet i Yb*'-jonen ar en bidragande orsak till
den 6verforing av ndra infrardda fotoner till UV-omradet som sker.

En 6kning av Yb?* vid UV-strélning visas bade fér Yb:YAG och fér den Yb/Aldopade glaspre-
formen. Férekomsten av Yb?*-luminescens fran en Yb/Al-dopad fiber som har genomgatt PD
visas ocks3, vilket bevisar att PD sker genom en CTprocess.




