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Abstract. The influence of gamma-irradiation on optical and lasing properties of YAG:Er single
crystals was studied. For laser rods from YAG:Er crystals which weren’t thermally annealed, the
increase of laser output energy was observed afier irradiation. The mechanisms of radiation sensibi-
lization are discussed. -
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1. Introduction |

It is a well-established fact that colour centers (CCs) produced by ionizing ra-
diation or short-wave radiation of the pump lamp strongly affect the normal opera-
tion of lasers based on the Y;Al;0,; (YAG) crystals. The investigation of influence
of ionizing radiation on the YAG crystal properties is of a special importance for
lasers used in space [1]. The large number of publications including reviews and
monographs are devoted to the problem of the radiation-stimulated changes of
YAG:Nd crystal properties [1-5]. It should be noted, that irradiation.of laser crys-
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tals may have the positive effect. The gamma-induced sensibilization process i
Er’:CaF, crystal was observed by P.A. Forrestier and D.F. Simpson [2]. The im-
provement of generation characteristics of YAG:Nd lasers was reported as the effect
of small dose of gamma and electron radiation [6] -

YAG crystals with activators, such as Er’*, are widely used in laser engmecnng
However, we found only one paper devoted to the gamma-radiation 1nﬂuenoe on the
YAG:Er crystal optical properties [7].

In the present work the effects of gamma radiation on optical cha:actcnstlcs of
YAG:Er crystals are descnbed and generatlon characteristics of ‘active elements
made from YAG Er irradiated with gamma quanta are examined. For a comparison,
data about influence of gamma-radiation on optical characteristics of YAG:N¢
crystals are presented.

2. Experimental

The examined crystals were pulled by Czochralski tcchmque from iridium cru-
cibles n N, atmosphere The contents of Nd in the crystals was of the order of 1
at.%. The content of erbium in the YAG:Er crystals was equal {033 at. %, that cor-
responds to the formula Y;ErAl;0y; . The detailed description of the applied growtt
process of the crystals is presented in paper [8].

The irradiating gamma quanta were emitted by a “Co emitter with exposure
dose power of 170 R/s and the samples absorbed doses of the order of 10%-10° Gy.

The crystal samples prepared to study the gamma irradiation effects on thei
optical properties were plane-parallel plates of 1-3 mm high, cut-out perpendicu
larly to the growth axis in the plane (111).” Absorption spectra of the crystals wer
measured in spectral range 0.2-1.1 um by means of the spectrometer LAMBDA-2

- Additional absorption (AA) induced by irradiation was assumed as: _;». - 0 .

Ak=iml - a
i

where: d — the thickness of the sample, T, T; — the transmissions of the sampl
before and afier irradiation.

- To examine gamma radiation effects on lasing characteristics of YAG:Er crys
tals, an acuve rod of 5 mm in diameter and 85 mm in length was used. The rod wa
not sub]ected to preliminary annealing and had no antireflection coatings on its en
faces The detailed characteristics of the rod, denoted as E21, are published in [8].

- To measure gcncratlon charactcnstlcs of YAG:Er rods a plane-parallel resona
tor of 19 cm in length was used The transmission of output mirrors was equal t
30% for "YAG:Er ones. The studies were carried out in the ellipsoidal reflectiv
head, made of gold-covered brass. The pump was a xenon lamp of diameter of 4 mr
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and 0.5-2.5 kV power with 160 uF capacitor battery. Pulse duration of the lamp
cquals about 580 ps. The laser light was detected with high-sensitive HgCdTe pho-
toconductor and time characteristics of the lamp were observed with use of Si pho-
todiode. The energy of laser pulses was measured by Gen-Tec radiometer with ED-
-500 gauge head.

3. Results and discussion

3.1. Optical properties

The absorption spectrum of YAG-Er is presented i m Fig.1a. The detail descrip-
tion of YAG-Er absorption was made in [8]. After gamma 1rrad1at10n a wide, com-
plex AA band appears within the range of 48000‘12000 em™. The peaks of absorp-
tion are placed near of 42000 cm™, 32000 ¢ cm #25000 cm™ and 16000 cm™ (240,
310, 400, 625 nm). With the increase of gamma 1rrad1at10n dose from 10%to 10° Gy
the AA bands grow larger and larger and become saturated for doses of 10°-10° Gy.
The AA spectrum of YAG:Er crystals is also shown in Fig.1a (scale on the right
hand side).

One can notice, that the gamma-mduced absorptlon spectrum of YAG:Nd crys-
tals has got the similar form as that of YAG:Er crystals and nearly the same peaks
can be distinguished in both spectra.

The analysis of the published reports on radiation-induced colouration of YAG
and YAG:N crystals [5, 9] shows that the form: and intensity of AA spectrum de-
pend on growth conditions of crystals (method arid atmosphere of growth, purity of
starting material, addition of an activator etc.). At the same time in some papers [10

11] an existence of specnﬁed AA bands placed in 40000-42000 cm™, ~32000 cm™

and ~22000-26000 cm™ regions was reported. The bands within 40000-42000
¢m™ range are usually explained as caused by the absorption of uncontrolled Fe**
impurities. The band placed near 32000 em™ is attributed mostly to the absorption
of Fe** ions or CC connected with ~oxygen. vacanc1es The absorption bands within
22000-26000 cm™ range are mterpreted as the effect of O hole centers localized
“near defects of cation sub-lattice. |
Consequently, it can be assumed that the AA bands observed in gamma-
irradiated YAG:Er crystals are connected with CC produced by gamma-induced
recharging of growth defects that may be uncontrolled impurities of Fe ions, oxygen
vacancies or defects of cation sub-lattice (e.g. rare-earth ions instead of Al3+ ions).
Note, that the precise deﬁmtlon of nature of the CC demands more detailed investi-
gations. -
To measure thermal stablhty of optical property changcs caused by irradiation,
an isochronous annealing of irradiated samples was performed in temperatures 293-
-673 K (15 mun. duration at each temperature with steps of 20-30 K). It was found,

ki
b
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that AA value in all the considered bands decreases accordingly to the same depend-
ence of the rise of temperature. However, the complete return to the previous, what
means before irradiation, optical features of the crystals were nbt‘;qached after an-
nealing. | ' | |
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Fig.1. Absorption spectrum (1) and additional absorption spectrum after gamma irradiation (2) of
ErYAG (a) and Nd:YAG (b) single crystals. Energy of gamma quanta was equal to 1.25 MeV and
‘ dose of 10°Gy . .

3.2. Lasing properties of YAG:Er

The lasing properties of YAG:Er crystals significantly change after gamma ir-
radiation. The increase of the laser output energy is observed for YAG:Er afier in-
fluence of gamma quanta, At the pumping level of 205 J the output energy increases
from 75 mJ for an nonirradiated crystal to 135 mJ for the sample irradiated with the
dose of 10° Gy (Fig. 2). The annealing of the crystals afier irradiation at the tem-
perature of 673 K during 3 hours restores the initial characteristics of the laser. The
subsequent gamma irradiation again increases the laser power -efficiency. The ob-
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tained results point out the direct influence of the colouring ¢enters on the processes
of formation of the inverse population of the laser levels of YAG:Er crystals.
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Fig.2. Output energy dependence on pumping energy for Er:YAG laser rod: 1 — before gamma
irradiation; 2 — after gamma irradiation with dose of 10° Gy, 3 — after annealing in air during 3
hours at the temperature of 673 K of irradiated rod, 4 — after repeated gamma irradiation with

dose 510 Gy.
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Fig. 3. The scheme of energy‘ transfer from colour centers to EC" ions in YAG crystals.
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After gamma irradiation of the crystals with garnet structure, as it was shown
carlier [5], rearrangement and recharging of the defects causing the change of the
pumping energy transfer efficiency to the emitting centers take place. We think that
in the case of YAG:Er crystals the emerging colouring centers may fulfil the func-
tion of sensibilizators providing the increase of the pumping efficiency. Comparison
of the AA spectra with the absorption spectrum of Er’* ion (Fig. 1) shows that the
AA bands are superimposed with the most intensive bands corresponding to the
transitions from the main state “I;s; to the multiplets of *Hyp, ZHn/z} and “Fgp, through
which the laser pumping takes place and the sensibilization may occur according to
the scheme presented in the Fig. 3. o : :

It should be noted, that in lasers generating in 2-3 pm range the passive losses
due to the absorption of the colouring centers are absent because of great spectral
distance from the value of the laser radiation frequency to the band of additional
absorption. - -

4. Conclusion

After gamma irradiation of YAG:Er and YAG:Nd a wide complex of AA bands
appeared. These bands are connected with CCs caused by gamma-induced recharg-
ing of growth defects that may be non-controlled impurities of Fe ions, oxygen va-
cancies or defects of cation sublattice. ' ' .

In YAG:Er crystals CCs may fulfill the function of sensibilizer providing the
increase of the pumping efficiency and output energy of laser generation at
A =294 um[12, 13].

Received March 21, 1996; revised June 4, 1996.
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Wplyw promieniowania gamma na optyczne i laserowe wlasnosci monokrysztalow Y3A1501;
' domieszkowanych jonami Er**

Streszczenie. Przedstawiono wplyw promieniowania gamma na optyczne 1 laserowe wiasnosci
krysztaléw granatu itrowo-aluminiowego domieszkowanego tréjwartosciowym erbem na poziomie -
33at.%. Dla termicznie nie odprezonych krysztaléw otrzymano wazrost rézniczkowej sprawnosci
lasera Er'YAG rzedu 100%, powtarzalny po wygrzaniu w temperaturze 673 K i ponownym
naswietleniu tg samg dawkg kwantéw gamma. W celu opisu powyzszego zjawiska zaproponowano
mechanizm indukowanej przez promieniowanie gamma sensybilizacji jonéw (w wyniku bez-
- promienistych przejs¢) erbu przez centra barwne stabilne w temperaturze pokojowe;.
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I‘amia-umxyuuponma ceHCHOWTH3AMNS J1a3epHBIX CBOWCTB MoHOKpHCTaLT0B Y3ALsO1;
JeTHpOBaHHBIX HoHamu Ert*

Pestome. Fccnemosanoch BIMAHME TaMMa-M3TY4deHHS Ha OITHYECKHE M JIasepHElE CBOMHcTBA
MoHokpHcTaioB ErYAG. YBelmueHye BRIXOHOM 3HEpriM Jasepa GbUIO OTMEYEHO IocIe raMMa-
-00myueHHa nasepHuiX crepidell M3 ErYAG, xoTophle He noOABEparwich TepMHYECKOMY
HAKATHBAHHIO. OGCYX/IaeTCA MEXAHH3M paHaLMOHHON CEHCHOWIH3ALIAH B 9TOM CITy4ae.



