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Thermal Effects in High-Power End-Pumped Lasers
with Elliptical-Mode Geometry

Rudiger Paschotta, Jirg Aus der Au, and Ursula KeMamber, IEEE

Abstract—We discuss in detail the effects of thermal lensing and
thermally induced stress in end-pumped lasers with a strongly el-
liptical pump and laser mode and compare this situation with cylin-
drical rod geometries.

Index Terms—High power lasers, laser cavity design, thermal
lensing.
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|. INTRODUCTION
. Fig. 1. (a) Slab for a laser with elliptical mode geometry. (b) Cylindrical rod
HE most common geometry for end-pumped lasers is thglometry.

of a cylindrical laser rod with circular pump and laser

beams propagating along the symmetry axis of the rod. The lim-
itations of this approach are well known: the dissipated power
leads to an inhomogeneous temperature distribution in the lager
rod and consequently to a tendency for stress fracture as well
as for thermal lensing and thermally induced birefringence. Therig. 1(a) illustrates the elliptical-mode geometry. The laser
focusing power of the thermal lens varies with pump power andedium is a slab of widtl (in z direction), thickness! (in y
can be strongly aberrative. The latter problem is particularly Sgirection), and lengti (in = direction). It is cooled from the top
vere if diffraction-limited operation is required. In the rod geomynq pottom side, and we will always assume that these surfaces
etry, thermal lensing has been reduced to some extent by Usiig kept at a constant temperature. The pump beam, usually gen-
rods with undoped ends [1]. erated with one or two high power diode bars and focused with

Inrecent years, an alternative geometry for the laser head Rgghe cylindrical optics, is injected into the= 0 face. In they
been applied to various lasers based on Nd : YAG [2], Cr : LiSAfiirection it will usually have a near-Gaussian profile, while in
[3], [4], Nd: glass [3], [6], and Yb: YAG [7]. In most cases, e direction the profile can often deviate substantially from a

good beam quality was achieved with rather high output poweggyssian function. We will see in Section II-D that this profile
typically more than had been achieved with cylindrical rod g¢ras a strong influence on thermal lensing.

ometries. A detailed discussion of thermal effects in these lasergqr comparison, we also consider the cylindrical rod geom-

has not yet been presented and is the scope of this paper. In @& shown in Fig. 1(b). The rod has a lengthand radiusR,
tion 1I, we calculate the maximum temperature rise, thermall,g the pump beam is injected into the= 0 face. The end

induced stress, and thermal lensing. We compare these resuligé@s are usually not cooled, and we assume the cylindrical rod
those for the cylindrical rod geometry and discuss further powgiirface to be kept at constant temperature.

scaling. The main emphasis is on thermal lensing, while we do

not elaborate on thermally induced birefringence. The latter ef- _
fect is also greatly reduced in the elliptical-mode geometry, B Temperature Rise
a similar way as d.'SCUSSEd in [8] for_homogeneously pump_edHere we consider the maximum temperature rise in the gain
slabs. In our elliptical-mode lasers, it has never led to a sig-

o : ) . fedium with respect to the cooled surface. While thermally in-
nificant reduction of polarized output power or beam quallt)ﬂuced stress and thermal lensing arise from temperature gra-

In Section Ill, we discuss implications of the cavity design Niants only, the maximum temperature rise determines the op-

thermal effe cts in' lasers and 'outline a strategy to find so-cgl[gition temperature of the laser medium. For some (typically
f::;er;éiﬁavt';yageiﬁgr;lssﬂ’rgvzlgztlare sh(;)wn to-llljz Iegs SenS't'?’cgeur—level) laser media this quantity is not of great relevance, but
g q y used zone-ll designs. at elevated temperatures the efficiency of three-level laser media
like Yb:YAG is reduced, while some other gain media like
Cr: LiSAF show quenching effects [3], [4], [10]. Such lasers
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the powerP to be dissipated uniformly within a radiusfrom 200 250
the rod center (withv < R), we obtain a temperature rise
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of the rod center with respect to the outer surface, wii€iis

the thermal conductivity of the medium. We conclude that for

a given materialATy,.« is largely controlled by the quantity o . . | | . o

P/L, and the only way to substantially decreas#,,, is to 0 100 200 300 400 500 600

increaseL. Limits to this can be set by the beam divergence Vertical beam radius (um)

(particularly if the pump beam has a poor beam quality), by the

availability of long crystals, or by nonlinear effects in pulsedig. 2. Calculated maximum temperature rise and maximum stress in a

lasers, for example. Nd :_gla_lss (LG-760) slab witlh, = 75 mm,a = 7.8 mm,d = 1 mm, gnd 4W
Now we consider a slab geometry where for a rough estima(_)tfedlssmated power, where we varied the pump beam widthdirection.

we assume that the pump beam fills the full widtbf the slab,

that the pump profile is approximately flat indirection, and
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We see that for a given material and lendthwe can decrease g 1008 =—° o 1100 8
AT« by decreasing the ratid/a. Such an option is not avail- = o g— 7
able in the rod geometry. This result is qualitatively still the case 0 ' ' ' : 0
. . . . . . 0 1000 2000 3000 4000 5000
if the assumptions made are not strictly valid. As a higher preci- i ,
. . . . Horizontal beam radius (um)
sion is usually not essential for this purpose, we resort on more

precise numerical solutions only in the following sections. _ . , . -
Fig. 3. Calculated maximum temperature rise and maximum stress as in Fig. 2,

but with pump beam width in: direction as variable parameter.
C. Thermally Induced Stress

The stress that is induced by the inhomogeneous temperatrlére arkable as, e.g., a reductionduilone leads to an increased
distribution in the gain medium can lead to stress fracture aHé:: sity of dissipétéa power
also have optical effects because of its influence on the refracnvq:or the more difficult situ'ation where only part of the slab
index. In this section, we consider only the problem of streTc,Ss pumped, we used the program SOLIDIS [13] to solve the
fracture. Optical effects of stress are treated in the next secti?lré.al t con dljction equation numerically. We assumed the pump

Again we first consider the cylindrical rod geometry, forbeam to have the Gaussian radii and.w in z andy direc-
which analytical solutions are qva!lable [ll].’ [12]. AS. beforeﬁon, respectively. First we investigated ilhe dependence of the
we assume the powdP to be dissipated uniformly within a

radiusw (with w < R). The maximum tangential stress at thénammum surface stress an, while w, and > are kept con-

rod surface is Stant. Fig. 2_ shows that the depe_ndence_of hvth,,.. and
Tmax ONwy IS weak. Then we varied, (Fig. 3) and found
_ arFt P w? 3 that AT;,.x andoy,.x depend largely od’/w,,. Thus we con-

Tmax = 4rK(1—v) L < B E) ©®) clude that, as in the uniformly pumped slab, the stress depends

mainly onP-d/(w, L) apart from material parameters. To min-
imize stress fracture, we should therefore use a slab as thin as
possible and choose, large enough. A small value a#, is

£ Young's modulus; beneficial because it limits the required magnitude ahd al-

v Poisson’s ratio. . _ lows to increasev, without making the mode area (and thus
As with the maximum temperature rise, we see that for a givgRk |aser threshold) excessively large. The optimum value,of
material, a significant reduction of stress is possible only Ryi| often be limited by the divergence of the pump beam. Thus
increasing the lengtih. o o “a pump source with good beam qualityzjrdirection can help

For the slab geometry, we first discuss the situation in whigh gecrease both the temperature rise and the stress by using a
the slab is uniformly pumped over its whole volume, where [1 finner crystal. High-power diode bars, the currently most pow-

gives the equation erful pump sources available, happen to have just this quality:
arkE d while the beam quality factav/? is typically>>>1000 in the hor-
Omax = T2K(1—) ol P (4) izontal direction, where our demands for a slab geometry are
very moderate, we typically hav#? < 10 in the y direction,
for the maximum surface stress. For a given material and givenabling tight focusing in this direction and thus the use of a
P/L, the stress can be reduced by reducing the tiiio Thisis rather thin crystal.

where
ar thermal expansion coefficient;
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D. Thermal Lensing (f) show the different contributions to thermal lensing. In both
The inhomoaeneous temperature distribution in the cases, the effect of stress on the refractive index somewhat coun-
9 P 988 acts the direct temperature effect and the effect of bulging of

medium may lead to thermal lensing due to several reas g . . S
[11]. The refractive index is directly influenced by the loca e end faces. The mostinteresting conclusion is that for a pump
) Y y rofile with s ~ 3, which is quite realistic for real situations,

temperature, and it is also affected by thermally induced stre % resulting values of - are nearly constant over much of the

Morgover, s.tress. can deform the _enq surfaces of the _g Ilep beam width. This means that the effect of aberrations can
medium, which gives another contribution to thermal lensin

Which ibuti domi d d h . e quite small if only the laser mode size is chosen to be some-
ich contributions are dominant depends on the gain mater\}ﬂJ]at smaller than the pump mode size, so that the laser mode

as well as on the geometry. Therefore, we will discuss thgyes not probe the regions of strong aberration in the wings of
S|tuat|on.f0r d|fferent. lasers. the pump profile. Indeed, our Yb : YAG laser was found to have
1) Yb:YAG Laser:We have recently demonstrated a mod&pe pest beam quality when the laser mode radiusdirection
locked high-power Yb : YAG laser based on the elliptical-modg .« around 0.9 mm [7], to be compared with a pump beam ra-
geometry [7]. In two nearly diffraction-limited output beamsyis around 1.2 mm.
(M? < 1.2 in sagittal and tang_ential direction) 8.2 W of total The thermal lens focussing powgy ! in y direction (Fig. 5)
average power has been obtained. Here we discuss the stranggnificantly stronger, about 1.8/m in the beam center. It is
thermal effects in this laser more in detail and derive some mqfgportant, however, to realize that nevertheless thermal lensing
general conclusions from this analysis. First we calculated the, direction constitutes a much smaller problem thanzin
temperature and stress distributions and the bulging of the efifbction because the laser mode sizeyiirection is much
faces of thed = 1 mm thick,a = 9 mm wide, andL = 4  smaller, and smaller modes are less sensitive to focusing ef-
mm long Yb: YAG slab for a total dissipated power of 1 Wects. As shown in [9], the width of the stability ranges of a
using the program SOLIDIS [13]. The heating power densitanding-wave cavity with respect to the thermal lens focussing
was assumed to be proportional to the local pump intensity. Tbg\Nerffl is 2)\/(7@3), wherewy is the mode radius in the
simulation was carried out for different pump intensity distribugain medium at the stationary point (minimum) of the stability
tions. Then we used the obtained data to calculate the refractid@ge. In our case, the width of the stability range dlirection
index profile, taking into account both temperature and stress gfmore than two orders of magnitude larger tham irection
fects [8], [11]. Finally we obtained the phase retardati¢m, )  while the thermal lens is only about one order of magnitude
along lines inz direction by simple integration and calculatedtronger. (Another way to explain this dependence on mode
the thermal lens power i@ andy direction from this. The ma- size is that a larger mode acquires a higher phase shift in its

terial data were taken from [11], [12], and [14]. wings because, e.g., for a not aberrated lens dhrection the
For the first simulation, we assumed the pump profile to hghase shift is proportional te?/ f...) Indeed, we found it much
Gaussian in: andy direction withw, = 1.2 mm andw, = easier to obtain a good beam qualityirdirection, despite of

80 m (neglecting divergence along théirection), centered in the Iargerf,;l.

x andy direction. In the second and third simulation we assumedWe also found that the thermal behavior of the Yb : YAG laser
super-Gaussian functiodscx exp[—2|z/w,s|*] in = direction was somewhat improved by using a vertical offset of the pump
with s = 3 ands = 6, respectively, and calculated,, so that beam from the center position. A simulation revealed that in
the peak intensity as well as the second moment of the intengitis asymmetric situation (with a vertical offset of 30th) the
distribution stays the same as before. Experimentally obtainesnperature rise is reduced by one-third and the thermal lens
pump profiles, which we generated with a high-power diode bpower by one-fifth. The finding indicates that the thicknéss
and cylindrical optics, were characterized with a charge-coceuld actually be made somewhat smaller without increasing the
pled device camera and found to be close to the super-Gaussidinaction loss too much. This should decrease the temperature
function with s = 6 near the focus, while an ordinary Gaussiarise, stress, and the thermal lens power idirection. We tried
(with s = 2) is a better fit near the crystal ends. The typical exhis with a reduced crystal thickness of 0.6 mm but achieved a
perimental situation effectively lies somewhere between2 lower output power, apparently because the reflecting coating
ands = 6. The pump absorption along thedirection with was not good enough so close to the edge of the crystal.

an absorption length of 3 mm is taken into account. Fig. 4(a),2) Nd:Glass Laser:As another example, we consider the
(c), and (e) shows the resulting temperature distributions. Thegse of Nd : glass high-power lasers, as described in [5] and [6].
do not perfectly reflect the pump intensity distributions becau3ée dimensions of the gain medium, a slab made of Nd-doped
the crystal thicknesg is not much smaller than the pump bean$chott LG-760 phosphate glass, are similar as for the Yb: YAG
width. The solid curves in Fig. 4(b), (d), and (f) show the rdaser.d = 1 mm,a = 7.8 mm, andL = 7.5 mm. We used mate-
sulting values for the local thermal lens focal povfier in x di-  rial data from the manufacturer [15], except for the photoelastic
rection, calculated (always for a single pass through the crystadjefficients for which we used data of a similar phosphate glass
from the second derivative of the phasgr, i) with respectto Q-88 from [14].

x. For the Gaussian profile [Fig. 4(b)f,;* has its maximum  Fig. 6(a) shows the temperature distribution in the Nd : glass
(0.21/m) at the center, while for the super-Gaussian with6  gain medium for 1 W of dissipated power. We assumed a super-
[Fig. 4(f)] maximum lensing (0.17/m) occurs in the wings beGaussian pump profile im direction withs = 6 and a width
cause the temperature profile is quite flat near the center afdw,, = 1300 nm (as in the experiment). The temperature
steeper in the wings. The other curves in Fig. 4(b), (d), amide is much larger than in YAG because of the 21 times poorer
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(a) Calculated temperature profilednlirection aty = 0 m and different positions (upper solid curve: = 0 m; lower solid curvesz = 1000 m, 2000

m, 3000, and4000 m, respectively) for a 4-mm-long Yb:YAG slab with 1 W of absorbed power. The pump profile is Gaussianwith1200 pm, w, = 80 pm.
(c) Like (a), but with super-Gaussian profiledrdirection (see text) witk = 3. (e) Like (c), but withs = 6. (b) Local thermal lens focusing power.indirection
for Gaussian pump profile as in (a). Thick solid line: total inverse focal length. Other curves: contributions from the direct thernjdheff&cj on the refractive
index, from stress, from bulging of the end faces, and the pump beam profile. (d) and (f) Like (b), but with super-Gaussiar prdfilmsds = 6, respectively.

thermal conductivity. However, Fig. 6(b) shows that the negative
value ofdn/dt (a characteristic of the phosphate glass) allows
the direct thermal effect on the refractive index to cancel most
of the effect caused by stress. Mainly for this reason, the thermal
lens focusing power is only four times stronger than in YAG for
the same dissipated power. Another factor is that the four-level
nature of Nd : glass allows to work with a somewhat larger mode
area, which reduces the effect of thermal lensing (see the next
section for details). The main problemis in the end the tendency
for stress fracture, which we indeed experienced a few times in
our Nd: glass laser experiments but never with the Yb: YAG
laser, despite of significantly higher output powers. Fig.
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5. Like Fig. 4(b), but for the direction.
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Fig. 6. Like Fig. 4(e)and Fig. 4(f), respectively, but for Nd : glass and = 1300 pm.

3) Power Scaling: Scaling to higher powers is possible indiscussed Nd: glass laser. We conclude that with the present
the elliptical-mode geometry by increasing the width of thelliptical-mode lasers we have just started to get into the regime
pump and laser beam in the direction. For the following where the elliptical-mode geometry is advantageous. The main
discussion, we assume the case where the beam widthadwvantage of the concept is that further power scaling appears
large compared to the thickneds so that an approximately to be possible, unlike in a rod geometry. Also we profit already
one-dimensional heat flow is established, and consider only tihem reduced birefringence losses.
direct thermal effect on the refractive index (which scales in
a similar way to the other effects). If the pump beam width is
doubled for a constant power level (without changing the beam
shape), while the thickneskis kept constant, the temperature The design of a laser cavity strongly influences the sensi-
rise is reduced by a factor of two, while the second derivatit®ity of the laser to thermal effects. A central challenge is that
of the phasep(z,y) with respect tor, as well as the thermal the strength of the thermal lens varies with pump power, and to
lens focusing powerf; !, is reduced by a factor of eight. Atsome smaller extent also with the intracavity laser intensity. A
the same time, however, the beam becomes four times metanding-wave resonator with a single variable lens has in gen-
sensitive to lensing (see the discussion above). Consequergtgl two stability zones, called zone | and zone 1l [9]. Stable
there is room for doubling the power level without increasingavity modes exist if the focusing power of the thermal lens lies
thermal lensing problems. The same is true for stress fractureone of these zones. The minimum fundamental mode radius
Also, doubling the laser mode area and thus the threshald is the same in both zones, and the width of both zones in
power is acceptable as the pump power is doubled. terms of focusing power 8\ /(mwwi). For stable operation with

Further reduction of thermal lensing in tledirection could good beam quality, it is advantageous to operate the laser near
be achieved by controlling the shape of the pump beam ma@eninimum of mode size in the laser medium, because then the
carefully. If the beams of two pump diodes are combined (Igpot size is less sensitive to changes of the power level. More-
polarization coupling, as, e.g., in the Yb: YAG laser [7]), thever, it was shown [9] that the alignment of the cavity is signif-
relative alignment of these beams gives another parameter tadantly more critical in zone II, which is defined as the zone in
optimized. One may adjust a horizontal offset of the beams wtich the mode sizes on both end mirrors of the cavity diverge
as to minimize the strength and the aberrations of the thernadlone of the stability limits.
lens. It is also conceivable that improved pump optics couldIn our experiments on elliptical-mode Yb: YAG lasers, we
be used to control the pump beam profiledirdirection more initially used zone-Il cavity designs, but then we found that the
precisely in order to minimize aberrations. We note that the ideslignment stability was indeed greatly improved by changing
pump profile is not rectangular but should rather approximatdram a zone-Il cavity to another one operating in zone | [7].
function that could be optimized using a numerical analysis 8¢ believe that alignment sensitivity is particularly importantin
described above. lasers were the thermal lens is strong and has significant aber-

It is interesting to note that thermal lensing in the ellipticalrations. If, for example, the pump beam is slightly moved in
mode Yb: YAG laser as discussed above is actually not mutthnsverse direction, this moves the center of the thermal lens
weaker than it would be in a rod laser. If we calculate thaway from the beam axis and thus has a similar effect as a tilt
range of absorbed powers in which a standing-wave resonatba mirror. If the laser mode reacts to this with a strong change
is stable, this range is roughly one-third larger than for typicaf mode position (which can in turn again influence the strength
YAG rod lasers. Moreover, the temperature rise is roughly tlaad shape of the thermal lens), the alignment becomes very crit-
same as it would be in a rod with the same pump beam ar&al, even if good mechanical mounts are used. With the ini-
This is because the crystal thickness was not much smalliet zone-Il cavities, we sometimes observed hysteresis effects,
than the horizontal beam width. The situation is similar in thehere, for example, the laser power could not be reproduced

Ill. REMARKS ON LASER CAVITY DESIGN
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y it contains two curved mirror6R;, R»), represented by lenses
pump with the focal lengthf; and f,, and two flat end mirrors, apart
- from the thermal lengf,.).
R, Considering first only the: direction, we can more or less
freely choose four arm lengths for a given set of mirrés
Ry and R,. For an arbitrarily chosen set of the four arm lengths
(a) a1, b1, az, bz, ONe can now use the analytical results of [9] com-
bined with the standard ABCD matrix formalism to calculate the
b f4 a fy a fy b focusing powerf* of the thermal lens at the stationary point
" 2 2] in zone |. For this value of -1, rather than for the actual value
in the experiment, we calculate a figure of merit (FOM). This
(b) quantity is defined so that it would be zero for an ideal cavity
design and contains penalties for all deviations from the desired
Fig. 7. (a) Laser cavity for elliptical-mode lasers. The Brewster-angled sl mode SIZ.eS as well as fo.r the deVIat.Ion of the. calculated value
is p'un.1ped through a mirror coating on the left si&i'. indicates a cylindrical E}%l from its actual value in the experiment. This FOM can now
mirror for focusing iny direction. (b) Schematic for the laser cavity in (a), forbe calculated for any set of the arm lengths, and numerical op-
thez direction only.f. indicates the thermal lens, arfd and /- representthe timization (starting, e.g., from random initial values) leads to
focal lengths of mirrors, andF;. an optimized set of these parameters. Because this strategy may
lead to a local optimum that is not as good as the global op-
after just blocking the pump beam for a moment. This tendent¢ynum, we started this process repeatedly with random values
which makes the alignment very difficult, was found to be mudior the arm lengths and found that it usually converges to one of
reduced with a zone-I cavity design. a few solutions, so that the global optimum can be found with a
The question then arises how to find a suitable cavity dguite limited number of trials.
sign operating in zone I. This is indeed a difficult task becauseAfter this, we have to optimize the cavityjrdirection. Given
several conditions have to be fulfilled. The laser mode sizestime radiusi?, of the cylindrical mirror, the only free parameter
the gain medium have to have given values in both directions,the position of this mirror. As this is usually not sufficient
and particularly inz direction the operating point should be noto meet, e.g., two mode sizes criteria (in our case for the laser
too far from the point of minimum mode size. Sometimes, thaedium and a saturable absorber) simultaneously, we do the
mode sizes at other positions have to meet additional condptimization inz direction repeatedly with different mirro#s;
tions, e.g., to get the right mode area on a saturable absorbeatali2, and/or a different spot size requirementidirection for
a mode-locked laser. We note that if a zone-II design is knowiine saturable absorber. The folding angles on the curved mirrors
that meets all these requirements, it cannot be easily transfornsad also used for the optimization.
into a zone-1 design by continuous adjustment of the parame-We used this strategy successfully for the Yb : YAG laser [7]
ters, because both zones are separated by an unstable re@igihalso for new designs of the same type for Nd: glass lasers.
and there are singularities at the ends of the stability zones. It usually leads to good solutions because the number of ad-
In this situation we have developed a strategy to find a zonéustable parameters is larger than the number of requirements to
design meeting all mentioned requirements. The implemenkg met, although the situation would be too complicated for a
tion of this strategy led to a self-made computer program, whighire trial-and-error method to work within reasonable time. We
is based on a combination of analytical results with a numegxpect that the basic idea of our design strategy will be useful
ical optimization algorithm. In the following, we describe thélso for other cases where a design operating in a specific sta-
basic ideas. The type of laser cavity we considered is shownbitity zone is desired.
Fig. 7(a). The gain medium has a highly reflective coating for
the laser wavelength on one side, through which the pump power
is applied. For two reasons, the laser cavity must be folded at this
point. First of all, it can be shown that a standing-wave cavity We have discussed in detail thermal effects, particularly
with the thermal lens at one end always has to operate in zonesttess and thermal lensing, in high-power lasers with an ellip-
because zone | requires an arbitrarily strong thermal lens if otieal pump beam and laser mode. We used analytical arguments
arm length goes to zero. Also, a cavity with two arms is mote discuss how this geometry, in contrast to the conventional rod
suitable for a mode-locked laser because it gives us the freedgeometry, allows scaling to higher powers. These arguments
to put the output coupler at one end (generating a single outpué strictly valid only if the pump beam width is large compared
beam) and the saturable absorber on the other end (which makebe slab thickness. For some practical situations in which this
focussing on the absorber more convenient). A disadvantageapproximation is not well fulfilled, we carried out numerical
this cavity type is that the beam makes four instead of two passésulations from which we could draw a variety of conclusions.
through the gain medium per round-trip, doubling the effectivehe thermal lens in the horizontal direction is weaker than
strength of the thermal lens (but also the gain). The small mofie the vertical direction, but nevertheless more important for
size iny direction is generated by a cylindrical mirrok] in  beam quality. While in elliptical-mode lasers demonstrated so
Fig. 7(a)]. The structure of the cavity indirection, for which far the strength of the thermal lens is not much weaker than
we can ignore the cylindrical mirror, is as shown in Fig. 7(b)t would be in a rod geometry, further power scaling will lead

IV. CONCLUSION
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the designs into a regime where the advantages compared [t@] T. J. Kane, J. M. Eggleston, and R. L. Byer, “The slab geometry

rods become very significant. Already, thermal degradations of ~ 1aser—Part II: Thermal effects in a finite slablEEE J. Quantum
Electron, vol. 21, pp. 1195-1210, 1985.

the mOde profil_e are .Signiﬁcantl_y reduced: t_he pump im?nSi%lS] Schott Glass Technologies, Glass for Laser Applications, Data Sheets,
profile, which is typically obtained from high-power diode 1999.

bars, was found to lead to quite small aberrations of the thermal
lens over a reasonably large range, explaining the good beam

quality achieved with overpumping (i.e., with a somewhe"
reduced laser mode size) in previously demonstrated lase
For an Nd : glass laser based on phosphate glass, we found
thermal lens to be weaker than expected from the poor therr
conductivity because the negative value/af dt leads to some
cancellation of thermal effects.

Finally, we discussed the influence of the cavity design ¢
thermal effects in high-power lasers, in particular the benefi
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