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Analytical and numerical studies of the thermal characteristics of conventional and composite laser rods in laser-diode end-
pumped geometry are reported in detail using Nd: YAG rods as an example. It has been shown that taking into account the
temperature dependence of the heat conductivity, the change of the temperature in the active element can be significantly higher
compared to the data for the temperature-independent heat conductivity coefficient. It has been found that the dependence of
heat conductivity on temperature causes the non-parabolic heat distribution even in the region inside the pump beam with the
top hat intensity distribution. It has also been shown by direct numerical simulations that the undoped entrance section of the
composite rod significantly reduces the peak temperature rise inside the crystal.
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1. Introduction

Thermal effects play a very important role in solid-
state lasers causing thermal distortion of the generated
beam and limit the average power due to possible frac-
ture of active elements by the induced thermal stresses.
Therefore, these effects attract much attention and the
results of previous investigation of this problem for
lasers with the edge lamp pumping are described in
many monographs and textbooks [1-7]. A new stage
of the investigations of the thermal effects started with
the development of solid-state lasers with longitudinal
pumping by laser diodes [6—12]. Laser-diode pumped
solid-state lasers are nowadays covering a wide range of
applications. High intensity pump beams are required
to achieve sufficient inversion in the laser materials.
However, part of the pump power is transformed into
heat in a small volume inside the active media. In this
case, a few new problems arise.

Firstly, the heat deposition is significantly inhomoge-
neous along the beam propagation axis. The analytical
treatment of this thermal problem is rather complicated.
The expression for temperature distribution obtained
using the Dinis series (see [13—15] and refs. therein)
is described by the infinite sum of cumbersome terms
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with Bessel functions, and is, therefore, inconvenient
for practical applications. The approximate analytical
solution of the heat transfer equation was obtained in
[16] neglecting the longitudinal derivatives with respect
to the radial derivatives. It has been shown that taking
into account only the radial heat flow, for the cases con-
sidered, the obtained analytical solution agrees with the
full numerical solution within 10% at the entrance face
of the laser rod. It can be easily shown that for the com-
mon case with an air cooled end faces of the laser rod
the end heat fluxes are small enough. Therefore, the
problem for the mean (along the axial direction) tem-
perature is identical to a two-dimensional problem of
the radial heat flow [17]. Apparently that is not true for
the case of the composite laser element where the heat
transfer occurs through the additional edge surface of
undoped part of the rod [18-20].

Secondly, the temperatures in the heated regions of
the laser rod may be high enough. Therefore, the tem-
perature dependence of the parameter of the active me-
dia should be taken into account [4,21-25]. A few an-
alytic solutions are known for the transversally pumped
cylindrical laser rods with a parabolic pump profile only
[21,25].

Thirdly, anisotropy plays an important role in crystals
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Fig. 1. Geometry of the end-pumped composite laser rod; I* is the
undoped crystal part and [ is the Nd-doped part.

because the pump generated heat is distributed in the
crystal non-homogenously in different directions cor-
responding to the crystallographic axis. All these prob-
lems are widely discussed in modern literature and re-
cent overview articles, however, there are many factors
that influence the heat production and distribution pro-
cesses, and not enough attention is paid to them. It also
should be evaluated how different boundary conditions,
different shapes of active elements and cooling geome-
tries, influence the temperature distribution. In this pa-
per, the mathematical problem of the transient heat dis-
tribution is formulated, and afterwards, the influence of
the pump beam geometry on the temperature distribu-
tion inside the rod is discussed. Then the algorithm
used for numerical simulations is briefly presented, and,
after that, the results of numerical modelling are com-
pared with the known and original analytical solutions.
Some final remarks are done in conclusions.

2. Mathematical model and algorithm

Since the active rods in longitudinally end-pumped
solid-state lasers are recently used in the form of the
rectangular parallelepiped, here we consider such a case
(Fig. 1) of pumping and edge-cooled arrangement. The
space-time evolution of the temperature 7'(x, y, z,t) in
a solid-state laser is governed by the heat conduction
equation [26]:
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where Q(x, y, z, t) is the heat generated per unit volume
per unit time, p is the mass density, C), is the crystal spe-
cific heat at constant pressure, k; (1), ky (T), k. (T')
are the temperature-dependent heat conductivity coef-
ficients along crystallographic axes.

The heat production area in the crystal is the area
where the heat is generated as the energy difference be-
tween the pump and laser photons, the so-called quan-
tum defect [6,7]. The developed algorithm and soft-
ware (see below) allow calculating the temperature dis-
tribution for any space-time dependence of the heat
source Q(x,y, z, t). In simulations we mainly used two
types of the stationary heat source with super-Gaussian
axially symmetric distribution
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Here p and q are the coefficients indicating order of the
super-Gaussian pump beam. We assume that the length
of the rod is smaller than the length of the pumping
beam waist, and therefore the transverse distribution of
the heat source is the same in different sections of the
rod. The length of the undoped crystal part was [* = 0
for the conventional active element and it was assumed
to be about [ /4 for the composite element. The values of
maximal density of heat sources (019,20 depend on the
power P of the pump beam, the fractional thermal load-
ing 1y, and the linear absorption coefficient . These
values are expressed by formulas
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if we neglect the saturation of the pump beam absorp-
tion in the active element and the beam widths w or w
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Fig. 2. Discretization mesh used in the numerical algorithm.

are much smaller than the distance from the axis of the
beam to the edges of the rod. The fractional thermal
loading 7, is defined as the ratio of the produced heat
to the absorbed pump power. This coefficient was mea-
sured to be around 30% for Nd : YAG lasers pumped at
808 nm and about 10% for Yb: YAG lasers pumped at
943 nm [7]. If the order of the super-Gaussian beam is
q > 1, then the distribution tends to be similar to the so-
called top hat distribution with the radius w. But for the
same pump power and the same maximal heat genera-
tion density as for the common Gaussian beam (¢ = 1),
the radius of the top hat beam should be ry = w/v/2.

After describing the main equation, which is govern-
ing the temperature distribution inside the laser crys-
tal, initial and boundary conditions have to be estab-
lished. The initial condition specifies temperature dis-
tribution in the medium at the initial time coordinate
T(z,y,2,0) = T,(x,y, z), which depends on the am-
bient surroundings.

The boundary conditions specify the heat flow on the
boundaries of the rod and they are given by the New-
ton’s law of the heat transfer [26]:
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Here the possibility to set different heat transfer coef-
ficients h , . and cooling temperatures 7|, .. at dif-
ferent crystal walls is taken into account. It should also
be noted that the heat flows on different crystal edges
depend on the rod temperature on these edges T'|; -

YAG crystal parameters were used in our calcula-
tions because the physical properties of this crystal are
most widely explored experimentally [3, 7]. It is known
that thermal parameters of the doped YAG depend on
the concentration of the doped ions [7]. It is especially
significant for the Yb-doped YAG crystal because the
thermal conductivity for the 10% doped crystal can de-
crease more than twice compared to the Nd-doped crys-
tal. The concentration of Nd ions cannot be so high in
the YAG crystal and we here neglect the possible depen-
dence of thermal conductivity on the Nd concentration.

The thermal conductivity is temperature-dependent,
and around 300 K this coefficient is described well by
the following formula [25]:

¢
ky(T) = k0<?> , To=300K. (9

The case ( = 0 is that of the constant conductivity, the
case ( = 1, i.e., ki (T) = koTyp/T, was used in [4,21].
It is claimed in [25] that at around 300 K the experi-
mental values are best described by ¢ = 0.7.

A more complicated fitting procedure for experimen-
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tal data of Nd : YAG was used in [23, 24] where the fol-
lowing expression was derived:

a d
k2(T):W—T,

(10)
here a = 1.9-10° W/(cmK), b = 533 1/K, ¢ = 7.14,
d=331 W/cm.

The finite difference technique and its explicit
scheme were used for the discretization of the mathe-
matical model [27,28]. Here we will only briefly de-
scribe discretization of the studied crystal block shown
in Fig. 2. Temperature in the numerical model can be
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Fig. 3. Analytically calculated radial temperature profiles for the

described by the equation T( z,Y, 2, t) — T( Ty Yjs Zsy tn) — cylindrical active element. Gaussian (G) and top hat (TH) pump-

T(i,j,s,m) = Ts- Then the constructed discrete
mesh shown in Fig. 2 for the laser crystal block is de-

scribed as

xi=1-h1, i=0,Ny, h1=%7 (11)
. Y1
yJ:j‘hQ? ]_OJNQJ hQZFJ (12)
2
zZ1
2s=s-hg, s=0,N3, h3:ﬁ3’ (13)
th=n-7, n=0M. (14)

Time step 7 was chosen to satisfy the solution stabil-
ity condition 7 < h?/(6D), here h = min{hy, ho, h3}
and D = max{Di, Do, D3}, where D; = k;(Ty)/
(pCp) are thermal diffusion coefficients; hy, ho, h3 are
steps of spatial coordinates, N1, No, N3 are the num-
bers of intervals in respective directions of dimensions
x1, Y1, 21 of the rod.

Let us now consider the used approximation of dif-
ferential equation (1) and initial and boundary condi-
tions (Egs. (6)-(8)) by difference equations. After ap-
proximation of heat conductivity Eq. (1) we have a set
of difference equations:

+1 _
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T [Ra(Ti ) T s N k(T35 )T s
pCyp h% h%
ky(zji'r,lj'i‘l,s)TziLj—&-l,s ky(zjiﬁj,s)ﬂ?j—l,s
+ : + 3
h3 2
n kz(ﬂ?j,s+1)j—‘i7}j,s+l kz(ﬂ},j,sﬂ?j’sﬂ

h3 h3

ing profiles were used for constant (ko = 0.13 W/(cmK)) and

temperature-dependent (k1 (1) = a/T, where a = 39 W /cm) heat

conductivity coefficients. Gaussian pump profile radius was w =
0.01 cm, top hat ro = 7.07-1073 cm.

1 1 1
- 7kZ(TZn s) + 5k (Tzns> + 7kZ(TZn s)
(s 10+ T b

C
_ ”) T Qom-s} , (15)
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where? = 1,N1 —1,j =1,No —1,s = 1, N3 — 1.
After approximation of initial conditions by finite dif-
ference, we get

Ty =Ta, (16)
where ¢ = 0, N1, 7 = 0, Na, s = 0, N3.

Using this algorithm the original software that allows
simulating different cases of the laser rod heating by the
continuous pumping with different space distributions
of the pump power was developed.

3. Results and discussion

Before presenting the results of numerical simula-
tion, we discuss a more simple steady-state heat flow in
isotropic cylindrical rods with radially symmetric heat-
ing distributions. In this case Eq. (1) can be written as

10 ory 0T
o (k(T)rar> t o2 = —-Q(r,z). (A7)

Neglecting the longitudinal (i. e., z) derivatives with
respect to the radial derivatives, i. e., assuming only the
radial heat flow, the dependence on the longitudinal co-
ordinate z is included in an analytical solution through
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Fig. 4. Temperature profiles along the active element radius, for
Gaussian pumping w = 0.01 cm for different cases: numerical data
for the rectangular active element cooled from all four sides, az #
0 (solid line) and without cooling and az = 0 (dashed line); analyt-
ically calculated temperature profile for the cylindrical rod without
cooling and az = 0 (dash dotted line); numerically calculated tem-
perature profiles for the active element cooled only from two sides —
along « (short dashed line) and y (dotted line) axes. Heat conduc-
tivity was set to k = 0.13 W/(cm K), the heat transfer coefficient of
cooled surfaces was h = 2 W /cm?K.

the heat source as an external parameter [16, 17]. In this
case Eq. (17) becomes simpler:

10 oT
(Sl =~ as

where dropped z-dependence is also in Q(r, z). For the
case of the constant thermal conductivity, solutions of
Eq. (18) for top hat (TH) and Gaussian (G) transverse
pump power distributions are known [16, 29]. The gen-
eral solution of Eq. (18) for the constant thermal con-
ductivity with an arbitrary axially symmetric heating
distribution was obtained in [30]. Unfortunately, this
solution is rather cumbersome and the explicit solu-
tion for a given distribution of the heat source with the
help of this solution is not easily obtained. Therefore,
we also demonstrate the differential method, which al-
lows obtaining the explicit solutions for temperature-
dependent thermal conductivity of the rod.

For the top hat pump beam, Eq. (18) can be written
in the form of two equations:

1d dT
——\kor— | =—Qo, 0<r<ry, (19
rdr dr
1d dT
—— | kor— ) =0, o <r <R, 20)
rdr dr

where 7 is the radius of the beam and R is the radius of

the rod. Integrating these equations and using boundary
conditions

) = kL), Ty = T,

dr
(21)
it is easy to obtain the known solution [29]
Qorg N Qorg
2h Ry 4k

T(r)=T,+

R,
1= (r/ro)2+2In—2, 0<r<rg,
X . o (22)
—ZInR—O, ro<r<Rp.
Introducing the dimensionless value gy = Qorg /
(2koT)), the solution of Eq. (22) in the region 0 < r <
T can be written as

qoTo 2
T(r) = Tey — 200 23
(T> C1 2 rg ) ( )
where
2 2 2 p
Toy =T, + 9070 | Qoo | Qorgy Bo

2hRo = 4ky = 2k 1o

For the Gaussian beam with the heat source in the
form Q(r) = Qoexp[—2(r/w)?], the solution of
Eq. (18) can be written as

T(r)=Tco — quToT(r), (25)

ko
Toz =Ta+ quTog - [1 = exp(=285/w?)]

+ QwTOT(RO) 3 (26)

\2r/w
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In [16] the solution of Egs. (26), (27) is expressed via
the exponential integral function. Using standard com-
mercial mathematical programs such as Mathcad, it is
simpler to calculate the integral (Eqgs. (26), (27)) di-
rectly. For the points near the beam axis (r < w),
the solution of Eq. (25) can be written in the form

2 i
T(r) = T2 — qoTo (2 - 34> ) (28)
To To

where for a more convenient comparison with the top
hat solution the same notation (ro = w/+/2) is used for
the same pump power and the same maximal heating
density (). It can be seen from Eqs. (23) and (28) that
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a Gaussian pump beam leads to the spherically aber-
rated thermal lens with a twice smaller focal length as
compared to the top hat beam with the same power dis-
sipation and slightly smaller spot radius 79 = w/v/2
(not the same as claimed in [9]).

Two different steady-state temperature distribution
profiles are known in the case of the temperature-
dependent thermal conductivity (Eq. (9)) for a parabolic
pump profile: (i) for { = 1 [4,21] and (ii) for ¢ # 1
[25]. We will present new solutions for the case ( = 1
for the pump beam with top hat and Gaussian profiles.
Using the same differential method it is not difficult to
obtain the following solution of Eq. (18) for the top hat
pumping beam:

2
T(r)=Tcs3 exp [— (:2>:| , 0<r<rg, (29
0

R q0
+Ta] (;) .10 <7< Ry. (30)

Here T3 = [quOTo/(hRo) —I—Ta] edo/2 (Ro/?"())qo is
the temperature at the pump beam axis. The expansion
of the exponential for the case of 0 < r < rg and
neglecting terms with the power higher than 4 leads to
the expression

qokoTh
T(r)=|——
= | B!

2 2.4

qor q T
| =1 l— == —-—=—1. 31
(r) o3 27“8 87’6 D

It is easy to find that 71 < To3. Therefore, in the case
of the temperature-dependent thermal conductivity, the
induced thermal lens is spherically aberrated even for
the top hat pump beam and has a shorter focal length.

For a Gaussian pump beam, the analogous expres-
sions can be easily obtained:

T(r)=Teoaexp | — quT(r)], (32)
ko —2R%
Tos=T, + quDTRO 1 —exp 2
x exp [quT(Ro)] - (33)

Near the axis of the pump beam, the following for-
mula for temperature distribution can be obtained:

T(r)~Tcy [1 — quT (1) + 5

r2 2\ 4
~Tcy [1 —Qu— + <3Qw + q;) 4} . (34
To To
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Fig. 5. Contour lines for the temperature profiles at z = 0 plane,
for different active element cooling settings (a) when only two side
walls were properly cooled with the heat transfer coefficient h =
2W/ (cm?K) and (b) when all four side walls were cooled, but the

pumping area was shifted closer to one side. Heat conductivity was
setto k = 0.13 W/(cm K), Gaussian pumping w = 0.01 cm.

Figure 3 illustrates analytically calculated tem-
perature profiles for cylindrical active elements (AE)
pumped by Gaussian (G) and top hat (TH) beams, us-
ing Egs. (23)-(25), (29), (30), (32), (33). In calcula-
tions the following parameter values of AE were used:
ko = 0.13 W/(cmK), Ty = 300 K, 7T, = 293 K,
Ry = 0.05 cm, w = 0.01 cm, rg = 70.7 um, Qg =
2:10° W/cm?, h = 2 W/(cm?K). The same AE param-
eters were also used in other numerical simulations un-
less other values were indicated additionally.

From calculations it can be seen that the maximum
temperature at the centre of the crystal rod is as follows:
Too < To1 < Teoyg < Tes. It can be seen from Fig. 3
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Fig. 6. 3D temperature profile for the composite active element with
Gaussian pumping w = 0.01 cm; heat conductivity was set to k =
0.13 W/(cm K), the heat transfer coefficient b = 2 W/(cm?K).

that the temperature distributions for Gaussian and top
hat beams strongly differ only in the inner region of
pump beams (r < w). The temperature distributions
practically coincide in the outer region of the beams in-
side the rod, though analytical expressions for temper-
ature distribution are very different. It should also be
noted that signs of Taylor series terms are the same for
the top hat pump beam (see Egs. (23), (24), (31)) and
different for the Gaussian beam (Eqgs. (28) and (34)).
Therefore, in the region r ~ rq, the temperature gradi-
ent for the Gaussian beam is smaller than for the top hat
pump beam.

Most of the numerical calculations were performed
for the rectangular Nd:YAG active element with
1x1x5 mm? dimensions for the conventional element
and 1x1x6.25 mm? for the composite element with
the 1.25 mm long undoped entrance part of the element
(Fig. 1). At first, we present the results (Fig. 4), which
depict the influence of different cooling arrangements
for the conventional Nd: YAG element with Gaussian
pumping. The pump beam was assumed to have the
waist radius w = 0.1 mm. The incident pump-generated
heat with the maximal density is Qo = 2-10° W /cm?.
The lowest maximal temperature (Fig. 4, solid line) is
realized near the entrance face (z = 0) for the case of all
cooled surfaces of AE: the side walls are water-cooled
with the surface heat transfer coefficient h, = h, =
2 W/(cm?K), the entrance and rear faces of AE are
air-cooled with h, = 0.1 W/(cm?K). The temperature
is notably higher (Fig. 4, dash dot line) for homoge-
neous heating along the z axis (o = 0). The temper-
ature for the cylindrical rod with the side surface wa-
ter cooling (h = 2 W/(cm?K), h, = 0) and homoge-
neous (o = 0) heating along the z axis (this case cor-
responds to the analytical result, depicted in Fig. 3 by
solid line, for the constant thermal conductivity) is also

slightly higher (Fig. 4, dash line) than for the rectangu-
lar rod (Fig. 4, dash dot line), when all side surfaces are
cooled, because the coolant surface is larger in the latter
case. If only two opposite sides of the rectangular rod
are cooled, the temperature rises again visibly, but its
distribution in the region 0 < r = /22 + 32 < w is
practically the same in different directions (Fig. 4, short
dash and dot lines).

This observation holds true not only for the centred
pump beam (Fig. 5(a)), but also for the shifted pump
beam and AE cooled from all sides (Fig. 5(b)). Itis well
seen that the isolines of constant temperature are con-
centric cycles. Thus, it can be concluded that position-
ing of the pump beam is not so critical for rods with the
large enough transversal cross-section compared with
the pump beam cross-section.

The 2D temperature profile for the composite laser
rod is shown in Fig. 6. It is seen that for 1.25 mm long
undoped part of YAG the increase in temperature at the
entrance face is very small. Therefore, there is no need
to use longer undoped entrance ends. The decrease in
temperature inside the active medium is significant as
compared to the conventional rod (Fig. 7(a,b)). It is
seen that the temperature at the entrance face of the ac-
tive medium decreases strongly, but at the exit face it
practically does not change. The increase in tempera-
ture due to the temperature-dependent heat conductiv-
ity is also slightly diminished in the composite rod.

For the quasi three-level system such as Yb: YAG,
the temperature increase should be small enough be-
cause it can strongly populate the lower working level
of Yb ion. Therefore, in such media the temperature
rise must be controlled carefully. If the temperature in-
crease does not significantly disturb the population of
the lower working level of active media as is the case
with Nd: YAG, the other effects can limit the perfor-
mance of the laser. The most significant of these effects
is a thermally induced change of the optical path differ-
ence (OPD). It is commonly assumed that the optical
path difference is essentially proportional to the tem-
perature rise AT and can be found using formula

dn
PD= | — ATdz.
(@) / T dz (35)

Here we will not specify the thermo-optic parameter
dn/dT exactly. In the calculation results presented be-
low we use the common value of dn/dT for Nd: YAG
elements [7] and do not take into account its tem-
perature dependence [23,24]. The calculated OPD
in the plane y = y¢ is presented in Fig. 8. It is
seen that the calculated absolute changes of OPD/\
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Fig. 7. Temperature at the centre of the active element along z axis

for conventional and composite rods, with temperature-dependent

heat conductivity coefficients (solid and dashed lines), calculated

using Eqgs. (9), (10) and the constant heat conductivity coefficient

k =0.13 W/(cmK) (dotted line). All calculations were performed

for Gaussian pumping with radius w = 0.01 cm and for usual cool-
ing heat transfer coefficient h =2 W/ (cm?K).

in the conventional rod are more significant for both
cases of the temperature-independent and temperature-
dependent heat conductivity. Therefore, the use of
composite rods can reduce the thermal lensing effect.
This reduction can be more expressed for lasers with
a longer active medium than in the case of very short
(~1 mm) doped parts of AE [18, 19].

Our developed software makes it possible to set arbi-
trary heat conductivity coefficients along different axis
in the crystal block. In this case, the distribution of tem-
perature is different along the x and y axes. Therefore,
the thermally induced lens is astigmatic in this case.
The astigmatism of the thermal lens can be reduced us-
ing the elliptical pump beam. On the one hand, such
variations in the pump beam shape and different crystal
configurations can help diminish the maximum temper-
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Fig. 8. Comparison of the numerically calculated optical path
difference with constant (k = 0.13 W/(cmK)) and temperature-
dependent (k1 (T") = a/T, where a = 39 W /cm) heat conductiv-
ity coefficients for conventional (solid and short dashed lines) and
composite (dashed and dotted lines) active elements.

ature in the crystal, although, on the other hand, astig-
matism occurs in the crystal block. The use of our pro-
gram allows us to optimize experimental arrangement
of the laser oscillator or the amplifier and to improve
performance of the constructed laser system.

4. Conclusions

Analytical and numerical studies of the thermal char-
acteristics for conventional and composite laser rods in
laser-diode end-pumped geometry are reported in detail
using Nd: YAG rods as an example. Using analytical
solutions and numerical simulations conducted by the
developed software, it has been shown that, when tak-
ing into account the temperature dependence of the heat
conductivity, the temperature in the active element can
be significantly higher compared with the data for the
temperature-independent heat conductivity coefficient.
This change in temperature is significant and should
be taken into account when developing laser systems.
The dependence of heat conductivity on temperature
causes the non-parabolic heat distribution even in the
region of the pump beam with the top hat intensity dis-
tribution. This leads to much more strongly spherically
aberrated thermal lens and increases the wavefront dis-
tortion for both Gaussian and top hat pump beams. It
is shown by direct numerical simulations that the un-
doped entrance section of the composite rod acts as an
additional effective heat diffuser and significantly re-
duces the peak temperature rise inside the crystal. The
thermally induced spherical aberration strongly compli-
cates the laser beam distortion compensation. It has
been shown that thermal lensing can be improved us-
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ing composite laser rods with the undoped entrance end
section.
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TEMPERATUROS SKIRSTINIO ISILGINIO KAUPINIMO KOMPOZITINIUOSE LAZERIO
STRYPUOSE SKAITINIS TYRIMAS

A.S. Dementjev?, A. JovaiSa?, K. Rackaitis , F. Ivanauskas b J. Dabulyté-Bagdonaviciené b

2 Fizikos institutas, Vilnius, Lietuva
Y Vilniaus universitetas, Vilnius, Lietuva

Santrauka

AnalitiSkai bei skaitmeniSkai modeliuojami Siluminiai reiSki-
niai iSilgai kaupinamuose Nd: YAG lazeriy paprastuose ir kom-
pozitiniuose aktyviuosiuose elementuose. Naudojant sukurtg skai-
ting modeliavimo programa, imanoma stebéti temperattiros skirs-
tinj jvairios formos aktyviuosiuose elementuose bei, esant jvairioms
kraStinéms salygoms, galima parinkti skirtingas auSinimo tempera-
taras, Silumos pernaSos koeficientus arba kaupinimo sritis. Paro-
dyta, kad dél Silumos laidumo koeficiento priklausomybés nuo tem-
peratuiros lazerio aktyviajame elemente blogiau perduodama Siluma

ir temperatiira jame tampa aukStesné nei lazerio kristale su nepri-
klausanc¢iu nuo temperatiiros Silumos laidumu. Pastebéta, kad, kau-
pinant lazerio pluostu su sta¢iakampiu erdviniu intensyvumo pasi-
skirstymu, Silumos laidumo priklausomybé nuo temperataros suke-
lia neparabolinij Silumos pasiskirstyma net ir kaupinamoje aktyviojo
elemento srityje. Dél to aktyviajame elemente susidaro stipriai abe-
ruotas Siluminis leSis, kuris blogina generuojamo arba stiprinamo
lazerio pluosto kokybg. Tiesioginiu skaitiniu modeliavimu paro-
dyta, kad priekiné kompozitinio elemento dalis be aktyviyjuy jony
gali Zymiai sumaZinti auk$ciausig temperattira jo centre.



