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Abstract. Nd-doped strontium-lanthanum-alumina®r(x ~ LnMAI 1;0:9 compounds withM = Mg?*+, Ni%*, Co?t ...,
NdyLax_yMgxAl12_xO19) is a new material, tunable in the has generally as a consequence stabilization of the structure
1-1.1wm band. We present the first results of pulsed laseand the crystallogenesis of the compounds. The most used ion
emission of this crystal under flashlamp pumping. We obtains magnesium, th&nMgAl 1,019 phases exist only for lan-

a slope efficiency 08.3% with a maximum average power of thanide ions having the largest radii, from gadolinium to lan-
40 W at40 Hzin free-lasing regimeNd:Cr codoping of ASL  thanum, the crystalline quality increasing when going closer

is also tested, but with much lower efficiency. to lanthanum, the biggest one among them. The compositions
are chosen with & x < 1. As Nd is a constituent ion, the
PACS: 42.55.Rz crystal lattice can have a high concentration of this ion, much

higher than folNd:YAG (up to 20%), without risks of frac-

ture.Co-doping withCr ions can also be obtained.
The most well-known and attractive laser crystdik YAG, The first lasing effect ilfNd:ASM was obtained by cw
which combines very high efficiency and very good thermo-argon-ion laser pumping &tL4 nm[7]. The authors found an
mechanical properties. Numerous attempts have been madmission spectrum with three tunable humps around 1.050,
over a long time to find a substitute for this material but it1.062, and1.070um, this last wavelength presenting the
remains very difficult to compete with it. Crystals such asbroadest laser emission range: ab&@tnm More interest-
Nd:YAP [1] or more recently studieBld:KGW [2, 3] present ing results in terms of efficiency were later obtained under
a similar or higher efficiency than YAG but at the expensecw diode-pumping at798 nm [8]. With a Nd concentra-
of worse thermomechanical properties (higher thermal lendion as high asl5 at %, this crystal presented a slope ef-
ing for example), particularly for KGW which suffers from ficiency of 36% and a maximum laser power 480 mW
a three times higher thermal dioptric power than YAG [4].with a 5-mm-diameterx 5-mm-long crystal. Similar experi-
In this never-ending search for new laser materials, we haveents orNd:ASL under diode-pumping lead to better results
tested for the first time under flashlamp pumpingNd  with slope efficiencies up téd7% and a maximum output
doped new material: strontium-lanthanum-aluminate (Frenchower of 280 mW [9]. In order to illustrate a property of
acronymNd:ASL or Nd:SLA in English), which is related this Nd:ASL crystal: rather large tunability in the-1.1 um
to the previously known lanthanum-magnesium-aluminate orange, which makes it attractive, we present in Fig. 1 a fluo-
LMA [5] and strontium-magnesium-aluminate or ASM [6] rescence spectrum of this crystal comparedltbL MA and
crystals with aSr;_xNdxMgxAl12_xO19 composition for this  Nd:YAG (after [9]). This tunability may allow us to use this
last one. In the case of ASL the composition is slightlymaterial in a laser oscillator as a pilot for a large amplifying
modified by partly replacing lanthanum by magnesium leadehain made oNd:glass for example.
ing to the formulaSr_xNdyLa,_yMgxAl12_xOsg. This crys- We used for the first time large-size crystalshaf:ASL
tal is Czochralski-grown by Crismatec (Giéres, France) whaoming from the same boule grown by Crismatec as the one
holds the patent. Unlike LMA crystals, ASL as ASM can used for the rod tested under diode-pumping. W&+ con-
be grown both along andc directions [6], thec direction  centration is10 mol % and the rod size is.85x 101 mm
being the preferred one for laser action. ASL has a magel/4” x 4”). The exact composition of the tested rod is
netoplumbite structure where the magnesium ion substituteSi 7Ndo 1Lag2Mgo3Al11019. The rods are flat-ended, par-
for aluminium for charge compensation. For lanthanide aluallel, but without any AR coating on the end faces. These
minates 1nAl1;018” with Ln = La®", Nd®" ..., the pres- crystals, relatively large compared to the core size of the
ence of trivalent lanthanides leads to a very marked defiboule, which is abou8—4 cmin diameter, have subsequently
cient nature, unfavourable to the stability and to the existenca rather poor optical quality, this is confirmed by the strong
even of the phases. The introduction\f* ions leading to  deformation of aHe-Ne beam after propagation through the
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ergy stability and efficiency. Initial lamp ignition is obtained
through a parallel discharge in a high-voltage transformer
coupled with an automatic detection of the lamp conduc-
tion. The PFEN discharge is obtained through a high-voltage,
high-current thyristor (Semikron, model SKT 520-24E) and
presents a very reproducible rectangular shape for the current.

We tested twdNd:ASL rods cut from the same boule but
at different locations towards the core, showing a slightly bet-
ter optical quality of one of the rods. This is confirmed by its
laser emission performances, which are al2@ better than
with the other one, and we will present now only the results
obtained with the better rod. As said in the introduction, the
rod has a diameter &35 mmand a length 001 mmwith-

: : : i out AR coating on the parallel flat end-faces. As the index of
— T 11— T 1 refraction of ASL is quite highne = 1.759 andng = 1.805
1.02 1.04 1.06 1.08 1.1 1.12 114 (@ 1067 nm along thec axis, we expect significant losses on

fluorescence

Alpm) these faces.
Fig. 1. Nd:ASL, Nd:LMA, and Nd:YAG fluorescence spectra nea06um The laser cavity is a simple two-mirror cavity, made of
(after [9]) a Rmax concave end-mirror with different radii of curvature,

from —3 mdown to—0.75 m The output mirror is plane and
rod. Unfortunately these boules were made to obtain smallwve have tested different reflectivities. Due to the high ther-
size crystals suitable for diode pumping and not for large rodmal lensing of the ASL crystal it may be necessary to add
as we needed. inside the cavity, above a certain value of pump power, an
These rods were tested under flashlamp pumping and w&R-coated convergent lens (focal length of abbut) just in
will present the results obtained at different pump energiefront of the output coupler, in order to stay in the stable part
and repetition rates up t60 Hz We used different cavity of the resonator under high pump powers.
configurations with various mirror reflectivities and radii of
curvature. By optimizing these configurations we obtained
under free-lasing mode, energies udtb Jand average out- 2 Experimental results
put power of40 W at 40 Hz We will present results on the
thermal dioptric power oNd:ASL and on the losses through The first experiments were made with a conc&gx mir-
a Findlay—Clay analysis. Some results on a co-doPed ror with a radius of curvatur® = —3 m and with an output
Nd crystal will be presented leading to relatively bad resultamirror of 60% reflectivity. The laser emission was then very
due to a non-matched concentration of the doping ions foweak and by testing different output mirrors with reflectivities
flashlamp pumping. of 60%, 70%, 80%, and90% we obtained the best results with
either ther 0% or the80% reflectivity. These values have been
used in the following experiments.
1 Experimental set-up We present in Fig. 2 the output energy B06um as
a function of pumping energy, obtained al&Hz repeti-
TheNd:ASL crystal is set in a commercial single-lamp lasertion rate and for three values of the radius of curvature of
head (Kigre model FE254KK) with a close-coupled diffusethe Ryax mirror. We can see that the best results are obtained
reflector surrounding a double flow tube made of a KTF2 mawith the shorter radius of 1 m. Complementary experiments
terial, allowing a good filtration of the UV lamp emission.
The laser head holds a single flashlamp with a cerium-doped

quartz envelope, a pumping length 053and aXe pressure 1000

of 400 torr.

We use a capacitor-charging power supply (Converte® 800 —eo—-lm
Power Inc. model RCS 1500) with a maximum voltage ofE _,_' :gg
2kV and a charging power df500 Js at repetition rates up &

to 100 Hz The lab-made storage and fast discharge systerfy 600
is made of a PFN (pulse-forming network) with eight S|m|Iar§

L-C cells withC =4 pF and L = 14pH. Such a PEN de- < 400
livers quasi-rectangular current pulses which allows one ta
obtain a constant lighting level of the crystal by the flash- -
lamp. TheL-C cells can be connected in series or in paralle™~ 200
(or suppressed) to obtain the desired pulse duration between

60 and120us. Here in the case oNd:ASL rod, we use 0 Lo T
the longer pulse duration but we can note that it is not well

matched to the fluorescence lifetime of the crystal which is 10 15 20 25 30 35 40 45
aboutl85usforal0 mol % Nd concentration. A low dc sim- Pump Energy (J)

mer current of abouB0 mA maintains the lamp conduction Frig 2. Nd:ASL output energy at.06um vs. pumping energy (@0 H2) for
in order to decrease its impedance and to improve laser etiee radii of curvature end-mirrors
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made with a—0.75-m radius did not show any improvement 40 ———
over the—1 m mirror and are not presented on the figure
for clarity. When we increase either the repetition rate above 35
20 Hz(up to50 H2) or the pump energy, there appears quickly__ 3¢
a dramatic instability of the resonator for the longer radii ofg
curvature and the-1-mradius allows us to stay in the stable & 25
regime only with pump powers up 00 W. =
By using this—1-m mirror and a planeR = 70% output & 20
mirror we obtain the results presented in Fig. 3 at variouss 15
repetition rates from 10 t60 Hz and pumping energies up %
to 411 We can see that the output power stays linear a® 10
a function of the pump energy indicating that we do not sat-
urate the material and that the resonator remains stable. The >

—e— 5S5Hz
—a— 10 Hz
—oe— 20 Hz
—a— 30Hz
—a— 40 Hz
—— 50 Hz

maximum output power in this case & W at a pumping 0 o

energy of31 Jand a40-Hz repetition rate, corresponding to

a pump power ofi250 W. The total efficiency is then about 0 10 20 30 40 S0
2.2% and as the lasing threshold is abdui the maximum Pump Energy (J)

slope is close t@.8%. Fig. 4. Nd:ASL output power at various repetition rates with an intra-cavity

At high pumping powers, abovEB000 W, we note an in-  convergent lens

flexion of the output power curve leading to a fast decrease

of this power. This indicates a strong thermal lensing effect

that can no longer be compensated by Bagy mirror con- The lasing threshold is abodtJ and under these condi-

cavity: we fall in the instability domain of the resonator. It is tions, the total efficiency i2.7% and the slope efficiency is

then necessary to replace the plane output mirror by a curveabout3.3%. The maximum energy per pulse 1sl5 Jwith

one or to put into the resonator a convergent lens set close pump energy o#41J The pulse duration corresponds to

to the flat semi-reflective mirror. We chose this simpler andhe PFN discharge curve and is abd@0us which is, as

more flexible solution and we used a plano-convex lens wittmentioned before, not completely well matched to the fluo-

a focal length oft m. The faces of the lens are AR-coated rescence lifetime of the crystal§5us for a 10-mol. % Nd

for 1.06um, so it does not introduce any noticeable loss inconcentration.). We note the large increase on the laser perfor-

the cavity. We also replace thel-m end-mirror by a slightly mances and efficiency by adding the intra-cavity lens in front

more curved one having a0.75m radius. The output mir- of the output mirror. No attempt was made to tune the emis-

ror has then 80% reflectivity for1.06 um. We tested several sion wavelength around.076um, but future experiments

cavity lengths: 30, 35, and0cm The best results are ob- will be made to verify the tunability of this material as found

tained with a length 085 cmand are presented in Fig. 4 for under diode pumping which is an interesting property of these

various repetition rates and we can see that even at low pungpystals.

energy, the results are much better than without lens. The We have calculated the optical losses of the cavity through

maximum output power i89.7 W, obtained with a pump en- a Findlay—Clay analysis [11]. The curve showing the depen-

ergy of36 Jand at a40-Hz repetition rate: this correspondsto dence between the output reflectivity and the laser threshold

a pump power ofl440 W. We are very close to the limit of is given in Fig. 5 for reflectivities varying frorf0% to 30%.

our charging power supply and we do not see any saturatiofhe optical losses are then calculated and we obtain a value

or cavity instability effect. of 29%. They include in addition to the usual losses by diffu-
sion, absorption, etc. the losses due to the lack of AR coating
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Fig. 3. Nd:ASL output power at various repetition rates without intra-cavity Eth (‘])
lens (@1.06 um) Fig. 5. Findlay and Clay analysis of the resonator
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on the rod faces (about6% per face). The pumping param- In this case the losses were measured at the energy threshold
eter is deduced from the data and equa.tbx 1072J1. As  to be equal t&74% (29% for the rod andt5% for the losses

we know the optical lossels, the slope efficiency; and the introduced by the polarizer). This high value shows the poor
energy thresholdeshoigfor an output mirror of reflectivity optical quality of the rod and is characteristic of the mate-
R, the fluorescence lifetimg and the pump pulse duration rial depolarization with a strong induced birefringence. The

7p, We can calculate the intensity of saturatign nature of this birefringence is partly thermal, as verified by in-
creasing the pumping load of the rod with higher repetition

| — hv —nEihreshold rates, and partly due to the crystal growth.

ST o AN yRA-L) We had also the possibility to test another ASL rod but

codoped withNd and Cr. Codoping of laser materials is

We can also estimate the stimulated-emission cross sectiom.good possibility to increase the emission efficiency by ra-
The calculated value is in fact an effective cross section rathetiative or non-radiative energy transfer from a sensitizer ion
than a real measurement. The uncertainty is then relatively an activator one [11]. We have teste@raNd:ASL rod with
high but allows us nevertheless to compare this value to thine following compositionSry7Ndg 1Lag2Mgo.3Cro.05Al 117
ones of more well-known crystals. We obtain an “effect-O;g cut in a boule 082 mmin diameter and. 70 mmin length
ive” cross section of abof.5 x 10-2°cn? which is about obtained by Czochralski method. The rod has similar dimen-
three times less than foMd:YAG. The effective cross sec- sions to the previous rods and the dopant concentrations given
tion x fluorescence duration productig x 10-?*cn?sfor by the manufacturer arédd: 10 mol % andCr: 5mol. %.
Nd:ASL versus72x 10-2*cn?s for Nd:YAG. This crystal  This very highCr doping level was essentially suited for
appears clearly less favourable thdd:YAG in term of en-  diode pumping.
ergy storage. The experimental results are presented in Fig. 7 with out-

Unfortunately it was impossible to measure the thermaput mirrors 0f80% and90%. We can note that the efficiency
focal length of the rod according to the poor optical rodis very low, far away from the expected values resulting from
quality, which did not allow us to use the usual method ofcodoping. The maximum output energy is ab6QimJwith
thermal dioptric power estimation with the help oH&Ne a pump energy 042 1 We present in Fig. 8 the output power
laser probe. Thede-Ne laser beam was strongly distorted vs. pump energy at various repetition rates. Here again the re-
by passing through the rod, even without pumping. Figure &ults are very bad, we obtain a maximum powef @f\W at
presents the slope efficiency as a function of the repetitioa 30-Hz repetition rate with a slope betwe8ri% and0.2%.
rate at36 Jof input energy. We observe a variation20%  We have observed a strong red fluorescence ar6908chm
between the low value &.6% at 180 W and the maximum (corresponding to a fluorescence pealkCdf For short times,
value of3% at720 W. For a pump power higher thatf20W  the fluorescence spectrum®i 7Ndg 1Lag 2Crp o5 is made of
the slope efficiency decreases and fall2t{é% for a pump theNd emission between 850 a®@0 nmand ofCr between
power 0f1440 W. This variation demonstrates a high thermal690 and950 nm diminished by theNd absorption around
dependence of the crystal efficiency and consequentely a higt20-750 nmand 790-850 nm So there is a radiative trans-
dioptric power. fer from chromium to neodymium, made possible thanks to

It was also impossible to obtain a lasing effect in the Qthe good matching betweed®t absorption and the broad
switched mode either with a passive elemdrt{:YAG) or  emission band of chromium. For long times, the presence
with an active Pockels cell, due to the strong depolarizatioof neodymium modifies strongly the fluorescence spectrum.
appearing in the material under flashlamp pumping. This i¥Ve then distinguish the weak neodymium fluorescence from
confirmed in free-lasing regime: if we insert a dielectric po-850 t0920 nmand a part of the chromium fluorescence be-
larizer in the laser cavity we can note a dramatic decrease dfveen 720 an@850 nmwas removed, which corresponds to
the laser efficiency (slope falling fro®3% to aboutl.2%).  theCr-to-Nd transfer.
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Fig. 6. Slope efficiency oNd:ASL vs. pump power Fig. 7. Cr:Nd:ASL output energy vs. pumping energy1a06 um
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D ——————r——r—— We have realized a Findlay—Clay analysis allowing us to
C ] obtain an estimated value of the stimulated-emission cross
1.4 i B section ofNd:ASL. The value we have calculated is about
12 | ] three times lower than the corresponding oneNdrYAG.
§ E 3 A Cr:Nd:ASL codoped crystal was also tested but in this
\g 1F = case the laser efficiency is very low, with a maximum energy
S 08 g 3 of 60 mJ a maximum power of.4 W at40 Hzand a slope ef-
g O F 1 ficiency less tha®.2%. Inadequate doping level @r ions is
5 0.6 F ] certainly responsible of these disappointing results and work
% - ' is to be done to estimate the optimum codoping level.
5 04 NeverthelessNd:ASL presents some encouraging possi-
0.2 F bilities and its potential possibilities of tuning emission in the
r rangel.05-1.08um as found under diode pumping, makes
B it interesting for applications where the fixed wavelength of

5 10 15 20 25 30

Pump Energy (J)

35 45 Nd:YAG can be a problem. An example of possible appli-
cation could be the use of this crystal for a pilot oscillator
tuned to the exact frequency of a high-enexgyglass ampli-
fying chain. To investigate all the potentialities of this crystal
under flashlamp pumping, it is necessary to obtain from the
Moreover the crystal has a deep red colour and is conmanufacturer rods of good optical quality in large sizes and
pletely opaque, it means that the doping level@fintro-  with differentNd doping levels, the actual values d% to
duced in the crystal is too high and inadequate for an efficier20% being more devoted to longitudinal diode-pumping. Fu-
transfer, particularly in the case of lamp pumping. However iture work will be done to verify the tunability of this material
seems very difficult to estimate the optim@ndoping level inthel-1.1umrange and also to see possible laser emission
in the lack of knowledge about absorption and stimulatedin the1.3-pum range.
emission cross sections 0fd in the ASL matrix. Another
possibility explaining these disappointing results may be th
poorer crystalline quality of the rod, inducing very high

optical losses.

Fig. 8. Cr:Nd:ASL output power for various repetition rates
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