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Abstract. GdVO, as a host for neodymium has several ad-crystal cooling [6]. The thermal conductivity is &dVO, is
vantages for diode pumping in comparison with other crysmore than a factor of two higher than that¥¥O, and is
tals. The absorption cross section of neodymiun®oivO,  even higher than that of YAG.

is considerably stronger and broader than in YAG. This al- Recently more thaii0 W power was reported with use
lows for the construction of very compact monolithical mi- of an end-pumpedNd:YVO, configuration [2]. In another
crochip lasers. In our paper, we report for the first timeNd:YVO,4 laser using a face-cooling geometry, the beam
on a diode-pumped monolithichlld®* (1.3 at %):GdVO; mi-  quality was found to be nearly diffraction-limitedvif =
crochip laser at.06 um. A maximum output power & Wis  1.08), but the output power did not exce2ulV [3].

achieved. The temporal and the spectral emission properties In Nd:GdVOy, however, there are only few papers report-
are described. The beam propagation properties are studiediimg on laser action, despite of all the promising properties

detail. of GdVOy [5, 7-9]. Only output powers up t800 mW are
realised in CW and quasi-C\Md:GdVOy lasers as yet [5].

PACS: 42.55.Rz; 42.60.-v; 42.60.Lh Lasing in a monolithicaNd:GdVO, microchip has not yet
been shown.

In our paper we report on a diode-pumped monolithical

Nd:YVO, andNd:YAG are very efficient laser materials for Nd**:GdVO, microchip laser afl.06um. The input—output
diode pumping. There are a number of commercially availeurves are compared for two different excitation times. The
able lasers with high efficiency and good beam quality. Thesspectral and the temporal behaviour are described. The di-
materials are also used for the construction of compact mivergence angle, the waist radius, and the beam propagation
crochip lasers [1-3]. Neodymium-dop€dlVO; crystals are  parameteM? of the output beam are studied as a function of
promising substitutes foNd:YAG and Nd:YVOy in diode-  the pump power.
pumped laser products [1]. It has been shownNthGdVO,
crystals have essential advantages for diode pumping in com-
parison withNd:YAG. These advantages include the largerl Experimental setup
emission cross sectionsd = 7.6 x 10~ °cn? at 1.06um)
and the more than 7 times larger absorption cross sectiofhe experimental arrangementis shown in Fig. 1. The diode-
(0a=5.2x10"19¢cn? at 808 nm E | ¢) of neodymium in laser pump source (Fisba DL 50) emits a maximum power of
GdVO4 than in YAG [4, 5]. Due to the large absorption cross50 W at A, = 808 nmin a bandwidth o2 nm (FWHM). The
section of neodymium ilGdVQy, it is possible to construct
Nd lasers using very short laser crystals. Small monolithical
Nd:GdVO, microchip lasers can be realised by coating the microchip and
mirrors directly onto the surfaces of the crystal. Microchips diode-laser heat sink
allow for the construction of highly reliable, permanentlyp
aligned and very compact all-solid-state lasers.

A further advantage oNd:GdVQy is the broad absorp-
tion with 3.2 nmFWHM of the pump transition 28084 nm
This results in a good spectral overlap between the diode
laser emission and the absorptionNd:GdVO, without the chopper
need of diode-laser temperature control [5]. Also the Iarg?—i . 1. Experimental arrangement. The resonator consist of a monolithical
thermal conductivity 0ofGdVO, with 11.7Wm K~ along N33+(1.3 gt %): GAVOy mi?:rochip laser with mirror reflectances B, >
the (110 direction at300K is very favourable for efficient 99.8% andRoy = 99.5%

detection
system

ump source L,
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collimated beam is focused using an anti-reflection-coatedperates practically in CW regime due to the long excita-
lens L, with a focal length of f =50 mm The waist of tion times compared with the lifetime of the upper laser
the pump beam is located at the crystal front face. The varievel (te = 901s) [5]. Therefore, threshold and slope effi-
ance in the spatial intensity distribution in the focusjs=  ciency are nearly the same for the two different excitation
500um=+10% and the divergence angle 12° (FWHM). times. The threshold of the laser emissionAg = 2.6 W
Due to the high absorption cross sectionciaxis polarisa- and the slope efficiency B2%. The maximum output power
tion (opeak= 78 entl(E | o), apeak= 10 cenT1(E Lc)inNd achieved i$.0 W. The threshold is quite high compared with
(1.2 at %):GdVOy) [5], the electric field vector of the linearly Nd:YVO4 [1-3]. This is mainly due to the large pump focus
polarised pump beam is tuned to be parallel todtexis of and the bad mode overlap. The low slope efficiency is be-
the crystal. The pump beam is chopped to reduce the thermii¢ved to be a result of the non-optimised transmission of the
load in the crystal. Théd*" (1.3 at %):GdVO, microchip  output coupler.

was grown at the General Physics Institute in Moscow by During a pump pulse the laser emits CW. Due to the heat-
the Czochralski technique [5]. The optiméti>* concentra- ing of the crystal by the pump beam, the output power is
tion in GdVO; is not yet known. The dopant concentration isslightly decreasing~ 10%) during the firstlO msafter the
chosen on the basis of experiencedNuiYVO,4 [1-3]. The leading edge of the pump pulse. The peak of the emission
2.5-mm-long crystal with lateral dimensions 6fmmx5mm  spectrum is located 40632 nmand has a FWHM 00.5 nm

is cut perpendicular to tha axis [10]. The incoupling mir- Two small side bands«{12 dB) are located on each side of
ror transmits more tha@5% at the pump wavelength and the emission peak.

reflects more thaB9.8% at the laser wavelength. The mirror In Fig. 2 the output power drops off drastically for an in-
on the back surface of the crystal transmis?% at1.06um.  put power of more thaRl W for t = 4.4 msand for more
The transmission of the mirrors is not optimised. The lengtithan27 W for t = 1.6 ms The mirror on the front surface of
of the cavity is determined by the length of the crystalthe crystal was burnt by the pump laser leading to a decrease
of L =25mm This yields an effective length of the res- in output power. The longer excitation time leads to a higher
onator, considering the refractive index®VO, (ne = 2.2, temperature of the crystal.

Ny = 2.0) [6] of Leso~ 5 mm The monolithical microchip is Although the coating was burnt, the crystal itself was not
mounted on a water-cooled copper heat sifks(20°C) to = damaged and was still lasing. Input power u2@W under
allow for a proper cooling. true CW pumping did not destroy the crystal. With increas-

The dimensions of the whole setup are mainly dictated byng pump power and under true CW operation, the cooling
the pump source. The overall lengtt88 cm To take advan- of a small crystal becomes a severe problem. The thermal
tage of the compact resonator, a high-power diode laser bflux can be enhanced by good thermal contact on a large sur-
has to be butt-coupled to the crystal. face. In order to enlarge the cooled surface, the crystal can be

The beam is detected with either a power meter [Senelamped between two diamond or sapphire plane plates [3].
sor Physics], a Germanium diode, a monochromator [Spectran optimal thermal contact can be provided by mounting the
Physics 500] in connection with@e-diode, or a CCD camera whole stack in a flow tube.

[Cohu 6700] in connection with a frame grabber. A selective  Pictures of the output beam in two different distances
filter is used to block the residual pump power. form the microchip are taken. The intensity distributions are
nearly Gaussian and circular with2®%. The variance of the
spatial intensity distribution in the direction is then calcu-
2 Experimental results lated from each picture. According to the rules of a multi-
mode Hermite-Gaussian beam a hyperbola is calculated from
The output powelP,; as a function of the launched pump the two measured points yielding the waist radiug and the
power Py, is shown in Fig. 2 for two different excitation divergence angla ®y (half angle) of the output beam in the
timest = 1.6 msandt = 4.4 ms The duty cycle of the pump direction. The relative error iary andA @y is £10% and the
beam chopper i8.1% and 5.5%, respectively. The laser absolute error in the pump powerd9.5W. Figure 3 shows
Ary andA®y as a function of the launched pump power. With
increasing pump power a growing number of resonator modes
6 | reaches the threshold for laser action. Therefore, the radius
At=16ms Ary of the beam waist becomes larger with increasing input

5 +— /Az/ power. Also the divergence angle®, becomes larger with

ot-ddms A rising pump poweP,,. The divergence angle is expected to
increase with the numbers of resonator modes according to
the same rule as the radius of the beam waist. But in Fig. 3
7 Py it can be seen, that the slope of the divergence anglg is
/ smaller than the slope of the radinsy as a function of the

” pump power. The observed effect is assigned to the thermal
. / lensing of the heated crystal that leads to a reduction of the

PEs aperture angle of the output beam.

The beam propagation factt? is defined as
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Fig. 2. Output powerPot as a function of the launched pump powgy of M2 = mAOAr
aNd®+:GdVOy laser at1.06um for two different excitation times A
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1000 [ T 1 sity distribution in the focus of the pump beam. Information

, about the thermal lens can not be extracted.
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+ A diode-pumped monolithicalld®**:GdVO, microchip laser
at1.06 um has been built for the first time. The input—output
+ curves have been measured for different excitation times. The
3 slope efficiency i22% and the threshold of the laser emis-
s 02 sion is2.6 W. The mirror design has not been optimised. The
highest output power achieved 60 W is solely limited by
0 0 the threshold of destruction of the mirrors on the crystal sur-
0 5 0 W] 5 20 % faces. The laser emits quasi-CW1863 nminto a bandwidth
Fig. 3. Radius of the waistry (triar;';gles) and divergence angl&®y (dot9 g;gtshgngéz\x?\rﬂgp;; ;Iglr\]/%rg;?gg%ngfl?h;hgu\{[v;ﬁtbgsg S,
of the output beam as a function of the launched pump pdiver have been studied as a function of the pump poWEzr.is
increasing with increasing pump power from Bp(=7W,
with Ar: variance of the spatial intensity distribution®:  duty cycle=8.1%) to 36 (P, = 25 W, duty cycle= 8.1%).
variance in the angular intensity distribution ahtcentre The efficiency of theNd:GdVO; laser can be further en-
wavelength [11]. With the data from Fig. 3 we can calculatehanced by optimising the mirror transmission and the pump
the M2 factor. The relative error itM? is -=20%. The beam geometry. Further, a better cooling system can improve the
propagation factoM2 in the x direction as a function of the beam quality. Although the performance of tNel:GdVO,
pump power is shown in Fig. 4. Thd? values are ranging laser is not yet as good as that Né:YVO, and Nd:YAG
from 3 (P, =7 W, duty cycle=8.1%) to 36 P, =25W, lasersGdVQ,is a possible substitute for these materials.
duty cycle= 8.1%). The small resonator length in our experi-
ment results in a higHVIz. The number of resonator modes Acknowledgementdhis work was supported in part by the Swiss Priority
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Fig. 4. Beam propagation paramets? of the output beam as a function of 11. A.E. Siegman:Lasers (University Science Books, Mill Valley CA
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