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Peculiarities of the GGG:Nd-Microlaser
Performance under Various Pulse Pumping
Conditions

D.Yu. Sugak?®’, B.M. Kopkd, V.G. Haiduchok I.I. Syvorotka, |.M. Solskit,
A.P. Luchechk®, M.M. Vakiv?and O.A. Bury§

Abstract. Domestt optical materials have been used tocompared to content of Gd ions. The photometric analysis of
manufacture a Gg5as0;:Nd-microlaser having a the crystal has shown that the Nconcentration is equal to
generaion wavelength of 1062.4 nm, and its generatiol.7 at.%.
properties have been investigated under various conditionsWith the help of the engineering and measuring
of pulse-periodic pumping by a laser diode. equipment from Logitech (Great Britain), developed are the

technological instructions for processing the crystals, and
Key ~words: GdGaO1;Nd, microlaser, pulse-periodic produced are the GGG:Nd active elements having the
generabn mode. dimensions of up tox3x5 mm, the flatness d¢f/10 and the
facet non-parallelism of at least 20"
) . ] ] ) To assess the material quality, the Ekspla (Lithuania)
For thetime being, Ukraine has no series production fofangsecond luminescence spectrometer has been used to
solid-state lasers, and the enterprises which produce them ffasure the luminescence spectra within 1000...1100 nm
their own demands fully depend on the importedng the luminescence decay time foe 1062.4 nm. The
components. Therefore, the main purpose has been to cregl§iis are given in Fig.1 and Fig.2. The data obtained match
a microlaser based on a GGG:Nd gain medium, usifge known literature data [2], and show that this material can

I. INTRODUCTION

domestic materials. be used as the active element of a laser.
The gadolinium-gallium garnet single crystals doped with

neodymium ions (Gf5a0;:,:Nd; GGG:Nd) are the most 104 L0z dnm Luminescence

widely used gain media for solid-state lasers. They are A, =808 nm

inferior in thermo-optical properties to:Xls0;,:Nd, but 81

offer advantages that are equally essential — the crystals 6
grown have a high structural and optical perfection, and
allow to introduce into the crystal a greater quantity of'Nd =

ions, p to 4 at.% [1, 2]. Thus, active elements of GGG:Nd 2]

single crystals can be successfully used in lasers which

operate in pulsed modes using diode-pumping. The choice of Yon0 1050 1060 1070 1080
GGG:Nd has been also supported by the SRC «Carat» A, nm

experience in producing such a crystal.
In addition, there are no publications known dealing wit
the investigation into the GGG:Nd single crystal microlaser

r|_:|ig. 1. Luminescence spectrum of Gbas0;,:Nd single crystal.
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performance under various pulse-diode-pumping conditions. E’eci\yg‘gge;ﬁs
Therefore, another purpose has been to study how the 0] ;“:_1062’4”,“
GGG:Nd microlaser output power depends on the power of S
pumping by a laser diode under various pulse-periodic 3 ]
conditions. =
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[I. EXPERIMENTAL RESULTS
The GGG:Nd crystals have been grown by the 0,01+
Czochralski method, using the Physitherm (France) 0 500 1000 150 2000
installations, and following the technology described in [3]. t, us

Based on the data concerning the coefficient of*Nd
distribution into the GGG structure [4], the content of thd
resulting raw material has been calculated to ensure that th
Nd** content in the obtained crystal is equal to 2 at.o{?

ig. 2. Luminescence decay kinetics of GGG:Nd at= 1062.4 nm.

%o havethe microlaser built as a basic design, there has
een used a resonator with two flat mirrors. The design
! Scientific Research Company “Carat”, Lviv, Ukraine calculation and the mar_wufacture of the_ resonator fnirrors _and
2 Lviv Polytechnic National University, Lviv, Ukraine of the translucent coatings of the active element’s vvprkmg
%|van Franko National University of Lviv, Lviv, Ukraine facets have been performed by SPE «Carat» using the
" sugak@carat.lviv.ua electron-beam evaporation plant from Torr International
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(USA). The transmittance of the output mirror was equal to
93% at the generation wavelength (1062.4 nm). The input
mirror transmits 95% of the pumping radiation, and fully
reflects the laser radiation. Si@as been selected as an AR
coating for the GGG:Nd crystal. The transmittance of the
active elements with AR coating at the wavelength of
1062.4 nm was equal to 99.8%. Fig. 3 shows the absorption
spectrum of the active element with translucent working
facets within the pumping region (808 nm).
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r 1 Fig. 4. Dependence of the microlaselP,: on the pumping pulse
3 1 repetition frequency: 1 — for different duty cycles atPpump = 1.9 W and
s . T =1 ms; 2 — for fixed duty cycle 7& = 1 atPpmp = 1.4 W.

a,cm

Figure 5 illustrates the dependence of the microlaser
output power on the pumping radiation power for The= 1
and the pumping pulse duratior 1 ms.
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Fig. 3. GdGasO12:Nd absorption spectrum within the pumping region.
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The acive element and the resonator mirrors have been
secured in specially designed holders allowing for each
element to be adjusted and fixed in an optimal position. The
holders have been placed on a metal platform the
temperature of which has been changed and maintained at a

given level by means of Peltier elements being driven by a ,
. . Fig. 5. Dependence of the microlasePo: on Pump for the duty cycle
specialized control unit.

- . ) Tit=1andt=1ms.
The microlaser pumping has been performed using the

laser diode ofATC-C4000-200-AMF-808-3 type with the  As it can be seen from this figure, the laser differential
808 nm Wavelength and the 4 W Output radiation poweéﬁiciency is equa| to approxima’[e|y 16 %.

produced by the company “Semiconductor Devices”
(Russia). The laser diode control unit allowed the duration of
pumping radiation pulses to be changed within 8:100 s
and tte pulse repetition period to be changed within®10
...10 s. The pumping radiation has been directed onto t
optical system allowing to obtain a pumping light bea
waist of approx. 100-um diameter inside the active eIemelr}
volume. The pumping has been performed through one éﬁ
the active element’s working surfaces.

The pumping radiation powePy,,py, and the microlaser
output power P,,) have been measured using the devic
IMO-2N (Russia). REFERENCES

To measure the optimum pumping mode in terms of the
relation between the laser diode pulse duratijragd the [ g? Jzi;jO’(:B-.I\-/IT'IDZQr?SgéiéL).(t‘T?Y ?é;)T'“Tg%ns\'/é@%ﬁgﬂ?’gﬁé}:ﬁza
pulse repetition period7], there have been measured the byadioae-end-pumpéd Nd:GGG lasériser Phys. Lettvol. 5, no.
dependence betwedh,,; and Py,m, for different duty cycle 8,pp.582-584, 2008
ratio (7/t). There has been determined that the microlast?
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Basedon the domestic Ukrainian materials, there has been
esigned and manufactured a microlaser with a
:Ga;01,:Nd gain medium (activator content 1.7 at. %).

pe miaolaser generation properties have been investigated
der various pulse-periodic conditions. There has been
own that the proposed design allows for the highest
efficiency to be reached when the pulse pumping is
%erformed with the duty cycle equaling 1.

CONCLUSIONS

A. Matkovskii, Materials for Quantum Electronicdiga-Press: Lviv,
operation is most effective whdifr equals 1. The higher the [3) 2000, b, 292 (1n Lkraiian)

Tit value, the lower the generation effectiveness. At the

same time, at a fixed valugt = 1, and with the pulse
repetition period being changed, the output power value
remains practically unchanged. The examples of thegg
measurements are given in Figure 4.
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