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Abstract.  We propose a technique for calculating the spatial gain 
profile in the volume of a solid active element of a high-energy laser 
pumped by laser diode arrays, which takes into account the proper-
ties of the radiation pattern of semiconductor lasers. This technique 
is employed to calculate the profile of the gain in a neodymium 
glass active element. By the example of a rod of rectangular section 
4.5 by 4.5 by 25 cm we show that, by varying the pump system 
parameters, it is possible to define the profile of the gain: for 
instance, a profile uniform over the cross section (with its nonuni-
formity under 2.5 %), with a peak at the centre or in peripheral 
regions, with a specific energy deposition of ~1 J cm–3.

Keywords: solid-state laser active element, diode pumping, control 
of gain profile.

1. Introduction

Diode-pumped  solid-state  lasers  have  firmly  occupied  a 
prominent place among variously designed low- and medium-
power  lasers.  In  this  case,  the kilowatt  cw power  level with 
these  lasers was reached even 10 years ago [1 – 5] and is not 
something extraordinary nowadays. As to lasers with a high 
pulsed power and a pulse energy of the order of several tens of 
joules  and  above  100  J,  today  there  exists  a  highly  limited 
number of such facilities [6 – 9]. Intensive research is pursued 
in this area and major projects are also contemplated (see, for 
instance, Refs  [10,  11]).  The  replacement  of  lamp pumping 
with diode pumping  is  not  only  energetically  advantageous 
but  also  offers  additional  useful  possibilities.  One  of  them 
consists in the formation of the desired stored energy distribu-
tion and thereby of the optical gain in an active element. 

The problem of producing the desired spatial gain profile 
is directly  related  to  the problem of optical beam profiling. 
We note that the use of modern chirped pulse amplification 
(CPA) technology [12] of optical pulse stretching – compres-
sion in the amplification of high-power optical fluxes is highly 
sensitive to the optical nonlinearity, which results in the varia-
tion of phase relations for the optical harmonics under ampli-

fication. The variations in intensity and population inversion 
over the cross section of the active element may also lead to 
undesirable changes in these phase relations due to the optical 
nonlinearity. This nonlinearity may not only be of the Kerr 
type but may also be caused by anomalous dispersion, which 
is due to gain saturation and is always inherently present in 
the  amplifying medium.  This  nonlinearity was  first  consid-
ered in Ref. [13]. It is responsible for self-phase modulation in 
the  radiation  amplification  both  in  a  semiconductor  active 
medium  (see,  for  instance,  Refs  [14,  15])  and  in  solid-state 
active media (see, for instance, Refs [16, 17]). This nonlinear-
ity  was  included  in  the  simulation  of  a  petawatt  laser  in 
Ref. [18]. 

In the long run the spatial nonuniformity of the popula-
tion inversion and intensity may limit the ultimate attainable 
duration of optical pulses at the output of the amplifier sys-
tem. In  this connection  the  formation of  the desired spatial 
profile is among the problems that are solved by using diode 
pumping  in  high-power  laser  facilities.  An  example  is  pro-
vided by Ref. [6], where the use of computer-controlled diode 
pumping made it possible to implement the spatial gain distri-
bution in the form of a fourth-order super-Gaussian with an 
accuracy of 2 %, which corresponded to the desired transverse 
distribution of optical beam intensity. 

However,  the  advantages  of  diode  pumping  consist  not 
only in the convenient formation of the desired spatial distri-
bution of the population inversion (gain). Equally important 
is the higher pulse-to-pulse reproducibility of its parameters 
in comparison with flashlamp pumping. Any system intended 
for correcting (controlling) the phase shifts of the harmonics 
that  participate  in  short-pulse  formation,  for  instance 
acousto-optic modulators  [19,  20], may  operate  only  under 
conditions  of  sufficiently  high  reproducibility  and with  the 
possibility to precisely control the spatial distribution of the 
population  inversion  in  the active element.  In  this respect a 
laser diode source of pump radiation is known to be advanta-
geous  over  any  discharge  radiation  source,  including  flash-
lamps. 

At the same time we have to observe that diode pumping, 
despite all its advantages, has not yet found wide use in high-
power  laser  facilities. The  reason  lies with only one  though 
highly  significant  circumstance:  its high  cost  in  comparison 
with flashlamp pumping. 

It  is  therefore clear  that  the practical  implementation of 
such a facility should be preceded by its sufficiently reliable 
simulation. There  is  good  reason  to  this  in order  to under-
stand to what extent the expenses for the facility construction 
are justified by the potential benefits for its parameters. This 
aspect of research is present to one or other extent in all devel-
opments  of  diode-pumped  laser  facilities.  For  instance,  by 
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numerical simulations alone it is possible to select the optimal 
absorption coefficient of the active material as some compro-
mise between different tendencies exhibited in the variation of 
absorptivity.  It  is  evident  that  lowering  the  absorptivity 
improves the uniformity and, at the same time, decreases the 
pump  efficiency.  In  turn,  the  lowering  of  pump  efficiency 
unambiguously makes the facility more expensive with reten-
tion of the stored energy level. 

Some simulation results of the spatial gain distribution in 
diode-laser-pumped active elements with the stored energy of 
several  hundred  joules  were  published  in  Refs  [21,  22]. 
However,  the  technique  of  obtaining  these  results  is  either 
based on particular-case codes or  is applicable to the active 
elements of specific shape, since there  is no general descrip-
tion of the optical model for the geometry of radiation propa-
gation from laser-diode emitters to the active element. 

This work was undertaken to somewhat fill this gap and 
construct  an  optical  model  of  a  laser-diode  illuminator  (a 
laser head) for calculating the spatial gain distribution (popu-
lation  inversion)  in  a  rod-shaped  active  element  with  the 
inclusion of the radiation pattern of laser-diode emitters, the 
properties of the active element, and the possibility to store 
energy at a level of several hundred joules. Of special interest 
are  the  calculated  data  concerning  the  optimisation  of  the 
uniformity of the spatial gain distribution and the pumping 
efficiency  for  a  Nd-glass  rod  of  rectangular  section  as  the 
most promising version of an active element for a high-power 
laser  facility  which  harnesses  the  optical  pulse  stretch-
ing – compression technology. 

It is clear that the same model may be used for a similar 
calculation  for  rods  of  other  parametrically  similar  laser 
media  like  Yb : fluoride-phosphate  glass,  Yb : CaF2, 
Yb : YAG, etc. 

2. Method for gain profile simulations 

Today a diode-laser matrix is considered as the most suitable 
construction  element  for  the  laser-diode  pump  system  of  a 
high-power  laser.  It  is  a  two-dimensional  array of  indepen-
dent diode lasers assembled in the form of a diode-laser line 
depicted schematically in Fig. 1. The line in its turn is a mono-
crystalline  bar  of  a  semiconductor  heterostructure,  for 
instance GaAd/AlGaAs, with more than ten technologically 
integrated separate diode lasers. This line may be considered 
as  a  linear  array  of  laser  diodes. A  large  number  of  linear 
arrays combined in one structure are a two-dimensional emit-
ter  array,  which we  consider  as  a  laser-diode matrix.  Each 
individual linear array of laser-diode emitters is additionally 
equipped with its own output cylindrical microlens. 

The  mutual  arrangement  geometry  of  the  cylindrical 
microlens  and  the  laser-diode  array  is  such  that  the  focal 
plane of the lens coincides with the output face of the laser-
diode array. Therefore, the lens collimates the radiation in the 
XY  plane  and  in  doing  this  does  not markedly  change  the 
angular beam divergence in the XZ plane. The employment of 
the  microlens  is  caused  by  a  significant  initial  diode-laser 
divergence  (q » 30° – 50°)  in  the XY plane due  to  the  small 
transverse beam size (~1 mm or smaller) along the Y axis at 
the output laser mirror. However, owing to the single-mode 
wave amplitude distribution in this transverse direction (the 
so-called  ‘fast’  axis  perpendicular  to  heterostructure  layers) 
the  divergence  was  nevertheless  diffraction-limited.  That  is 
why the beam divergence after the microlens may also be dif-
fraction-limited,  now  at  the  lens  aperture  d.  Since  usually 

d > 100 mm, the divergence in the XY plane after the micro-
lens would be expected to amount to a fraction of a degree. In 
the majority of cases the real divergence ranges between 0.5° 
and 5°. It is determined by the microlens quality and the accu-
racy of assembling the linear array and its coupled microlens. 

The overall optical beam of  the matrix  is  formed as  the 
sum  of  individual  beams  of  all  lasers,  whose  axes  are  ran-
domly  deflected  (due  to  microlens  assembling  tolerances) 
from the normal of the matrix mounting surface. Therefore, 
there  is good reason to employ  the normal distribution  law 
for the dependence of radiation brightness B on the angle q. 
The variance Dq will be a variable parameter in our simula-
tions,  which  characterises  the  fabrication  accuracy  of  the 
diode matrix equipped with microlenses. 

As for the optical beam divergence in the other direction 
at the microlens output, it corresponds to the radiation diver-
gence of an individual diode laser. As regards this direction, 
high-power diode lasers operate, as a rule, by a large number 
of  transverse modes. Nevertheless,  for  the majority of  laser 
diodes the dependence of radiation brightness B on the angle 
y'  is essentially nonzero only for angles  |y' | < 10°.  In most 
cases, 90 % of the optical beam power is confined in this angu-
lar range. 

We consider the version of optical diode pumping of the 
optical element depicted in Fig. 2. It shows the cross section 
of the illuminator and the active element in the plane perpen-
dicular to its  longitudinal axis. The laser-diode matrices are 
mounted in four similar segments, which symmetrically sur-
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Figure 1. Typical structure of a laser-diode matrix: 
( 1 ) laser-diode linear arrays; ( 2 ) cylindrical microlens for collimating 
the radiation in the plane perpendicular to heterostructure layers; ( 3 ) 
metallised ceramic plate for heat removal; ( 4 ) strip contact of an indi-
vidual laser diode. Matrix dimension: DM ́  LM. 
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round  the active  element. Since  the  illuminators are  similar 
and symmetric relative to each other, the pump intensity dis-
tribution produced by each illuminator is obtained by way of 
90°  rotation,  in  the  corresponding  direction,  of  the  pump 
intensity distribution produced by the neighbouring illumina-
tor. Each  segment  is  the  surface of a  cylinder with  the axis 
parallel to the axis of the active element. In the general case, 
the axis of each cylinder is displaced to one or other side by 
the  same distance  relative  to  the axis of  the active  element. 
The segment is assumed to be symmetric relative to the cor-
responding XZ  [segments ( 1 ) and ( 3 )] or YZ  [segments ( 2 ) 
and ( 4 )] planes, with the result that the pump intensity distri-
bution  is also symmetric  relative  to  these planes. The space 
between the diode matrices and the active rod is  ‘closed’ by 
highly  reflecting  corner  ( 5 )  and  end  (not  shown  in  Fig.  2) 
plane mirrors. 

We  will  take  advantage  of  the  circumstance  that  the 
length L of the active element is far greater than its lateral 
dimension a (L >> a). Furthermore, we restrict ourselves to 
the case when the brightness B of the illuminator emission is 
independent  of  the  coordinate  on  the  illuminator  surface, 
i.e. all diode  lasers  in all matrices are equally pumped and 
produce  on  average  the  same  power.  This  version  of  the 
scheme of diode pumping of the active rod, first, is most sim-
ple and easy for practical  implementation and, second, per-
mits numerical simulations to be greatly simplified by reduc-
ing the intricate three-dimensional problem to a simpler two-
dimensional one. 

The  radiation of each  laser has a  relatively  short  coher-
ence length and the lasers themselves are mutually incoherent, 
and so our treatment in the geometrical optics approximation 
will  be quite  adequate.  In  the  framework of  this  approach, 
outside of the matrix the radiation power DI emanating from 
a surface area DS of the diode matrix into a solid angle DW in 
the direction defined by the polar angle q and the meridional 
angle y' (as shown in Fig. 1) is as follows: 

,( )I B Sq yD D DW= l ,  (1a)

where

, ,( ) ( )B I Si
i S

q y q y D DW=
!D

l lc m/ ;  (1b)

DW =  cos qDqDy';  Ii(q, y' )DW  is  the  power  of  the  ith  diode 
laser emitted into a solid angle DW in the direction defined by 
angles q and y'; and DS is the element of the matrix surface. It 
will be assumed that element DS has dimensions which, on the 
one hand, are sufficiently small in comparison with the char-
acteristic  dimensions  of  the  optical  system  elements:  the 
matrix (DM, LM), the active rod (a, a, L), the distance between 
the matrix and the active rod, etc. On the other hand, they are 
large enough to contain a significant number of diode lasers 
which enter in the sum of equality (1b), so that this equality 
may be considered as the definition of function B(q, y' ) – the 
angular brightness of illuminator emission. 

Figure 3 shows schematically the path of a ray from the 
diode matrix, its refraction at the input face of the active ele-
ment, and passage through the active element. Point А' cor-
responds to the point of intersection of the ray with the input 
face of the active element and point A(х, у) corresponds to the 
point inside the active element with coordinates х, у; y', y and 
j', j are the meridional and polar angles outside and inside 
the  active  element,  respectively.  Parameter  x0  is  the 
X-displacement of the centre of curvature of the illuminator 
(point Ос)  from the centre of  the active element  (point Оae, 
shown is the case x0 < 0), q is the angle between the incident 
ray and the local normal to the matrix surface, b is the angle 
of inclination of the matrix surface to the surface of the active 
element, D is the distance between the matrices, and qsm is the 
opening angle of the side illuminator mirrors. The refractive 
index outside of the active element is equal to unity and n is 
the refractive index of the active element itself. Then, the ray 
refraction at the face of the active element is described by the 
formulas 

)sin ( sinn j c y j= l l,  (2a)
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Figure 2. Simplified diagram of a diode-pumped laser head (the param-
eters of the active element and the matrix for this scheme are collected 
in Table 1): ( 1 – 4 ) diode matrix surfaces; ( 5 ) corner plane mirrors; ( 6 ) 
active element.

X

Y

A(x, y)
A'j' j

a/2

–a/2

0
l(x, y)

.
.

DM

D

.
.

Oc Oae

x0
R

q

qsm

b

Figure 3. Part of the scheme of active element illumination by the sys-
tem of diode matrices located on the cylindrical surface of radius R. The 
height of the cylinder segment (the dimension along the Z axis) is equal 
to the length of the active bar.
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By analysing equality (2b) it is easy to show that the value of 
c for | y' | < 10° and n = 1.59 will differ from unity by no more 
than 1 %, which is below the uncertainty to which the remain-
ing  parameters  employed  in  the  simulation  are  known. 
Therefore, without impairing the precision of our simulations 
we may go over to the two-dimensional problem and assume 
that c(y' ) º 1  in equality  (2a) and employ for  the radiation 
brightness the integral of the function В(q, y' ), which appears 
in Eqn (1), over all angles y'. In view of the above, the expres-
sion for the brightness may be written in the form

( )
2

expB B0 2

2
q

q
q
D

= -c m, 

where

cos exp dB P
2/

/

2

2

2

2

0 0

1

q
q

q q
D

= -
p

p

-

-

c m; Ey ;

P0 is the power density emitted by the matrix (the power radi-
ated from a unit surface of the matrix in W cm–2). 

In accordance with the ray path from the matrix to point 
(х, у) inside the active bar plotted in Fig. 3, the power density 
Pa absorbed at this point is of the form: 

( ) [ ]exp ( , )P B R l x y1a 0a j a= - -
!j g
6 @y

  × exp
( )

cos dn
2 2q
q j

j j
D

-; E ,  (3)

where a is the absorption coefficient; q = (j' – b) is the angle 
between the ray and the local normal to the matrix surface; j'  
is the angle of ray incidence on the face of the active element 
from the side of the diode matrix; b is the angle between the 
plane  of  the matrix  surface  and  the  illuminated  face  of  the 
active element; R(j) is the reflection coefficient at the face of 
the active element; g  is the interval of j angles in which the 
diode matrices are seen from point х, у; and  l  is  the optical 
path length of the ray in the active element. 

The integral in expression (3) comprises all ray trajectories 
whose end is at a fixed point x, y and the other end intersects 
the plane of diode matrices at different points х', у', depend-
ing on the angle j. These are the direct rays emanating directly 
from the matrices towards the surface of the active element as 
well as the rays reflected from the corner plane mirrors ( 5 ) in 
Fig.  2.  Also  included  in  expression  (3)  are  the  rays  which 
experience total internal reflection from the side faces of the 
active element parallel to the XZ plane and find their way to 
point x, y. 

With the knowledge of absorbed power density it is easy 
to find the stored energy density and the gain g: 

E(x, y) = Pa(x, y) f (T )x,  (4)

( , )
( , )

E x y
g x y

L

L

'w
s

= ,  (5)

where  f (T )  is  the  effective  duration  of  the  pump  pulse; 
/( )L p' 'x w w=  is the pump photon defect;   L'w  is the photon 

energy of a laser transition of an ion;   p'w  is the pump photon 

energy; and sL is the cross section for stimulated leaser transi-
tion. For a rectangular pump pulse of duration T, the effec-
tive pump duration 

( ) exp( / )f T T1s st t= - -6 @,  (6)

where ts  is  the  lifetime of  the excited  ion state of  the active 
element. 

The declared technique of calculating the spatial distribu-
tion of stored energy and gain over  the cross section of  the 
active element applies to the case when the pump is produced 
by one segment of the illuminator, as shown in Fig. 3. Similar 
calculations for pumping with two and four segments (Fig. 2) 
may  be  performed  by  taking  into  account  the  pumping 
scheme  symmetry  and  summing  the  data  obtained  for  one 
segment. 

The nonuniformity of the spatial distribution of the gain 
was calculated as its rms deviation from the average value g 
according to the relations 

( , )d dg
a

x yg x y1
2=r y ,  (7)

( , ) d d
g
g

g a

g x y g x y1
/

2

2 1 2
d

=
-

r r
re oy .  (8)

Furthermore,  we  found  the  geometrical  pumping  effi-
ciency  factor K, which was  the  fraction of  total  laser diode 
power P absorbed by the rod: 

( , )d
K P

P x y Va

=
y

.  (9)

3. Simulation results

Figures 4 and 5 show the data of  simulations performed to 
optimise the gain a = sN of the active medium, which may be 
realised  by  varying  the  active  ion  density N  and  the  pump 
radiation wavelength lp [because of the spectral dependence 
of the absorption cross section s  (Fig. 4a)]. In our case, the 
optimisation was carried out by varying the wavelength. The 
spatial uniformity  /g gd r  of the gain and the pump efficiency 
were  the  parameters  under  optimisation.  The  simulations 
were  performed  for  an  illuminator with  four  segments  (see 
Fig.  2),  whose  dimensions  and  parameters  are  collected  in 
Table 1 (illuminator 1). 

The  absorption  coefficient  varies  from  ~1.6  cm–1  to 
~0.7 cm–1 when the wavelength lp varies from 875 to 884.5 nm 
(Fig. 4a). In this case, K varies only slightly (from 0.9 to 0.86), 
while  the  nonuniformity  of  the  gain  decreases  several-fold: 
~0.5 to 0.06 (Fig. 4b). The further lowering of the absorption 
coefficient from 0.7 cm–1 to ~0.2 cm–1 (lp varies from 884.5 to 
900 nm) leads to a significant (to 0.56) lowering of the pump-
ing efficiency K and to a increase in spatial nonuniformity by 
nearly a factor of four. 

This indicates that the optimal absorption coefficient for 
the pump radiation is ~0.7 cm–1 when the rod of square sec-
tion  is  pumped  by  illuminator  1  with  parameters  given  in 
Table 1 and the pump is optimised for the degree of spatial 
nonuniformity of the gain. In this case, the spatial nonunifor-
mity of the gain is /g gd r  » 0.06 and the pumping efficiency is 
only slightly lower: K » 0.86. 
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Desired in some cases for the purpose of correction is, by 
contrast, a nonuniform distribution of the gain, for instance a 
distribution with a peak at the centre or at some distance from 
the centre of the cross section of the active element. This may 
also be realised by varying the absorption coefficient due to 
variations of the pump radiation wavelength. This is testified 
by the data of Fig. 5, which shows the spatial profile of the 
gain  distribution  for  three  pumping  wavelengths  (they  are 
denoted as lA, lB and lC and are  shown on  the wavelength 
scale  in Fig.  4). These wavelengths  correspond  to  the most 
uniform gain distribution (lA), the distribution with a central 
peak  (lB),  and  the  distribution  with  a  maximum  displaced 
from the centre of the element (lC). 

The data of Figs 4 and 5 were obtained for the pumping 
by illuminator 1 (in the scheme of Fig. 2) with parameter val-
ues  indicated  in Table 1.  In  this  illuminator,  the axis of  the 
cylindrical  surface  on which  the  diode matrices  are  located 
lies on the cylindrical surface of the opposite illuminating ele-
ment (x0 = 15 cm). In this case, the overall transverse illumi-
nator dimension does not exceed ~30 cm and permit achiev-
ing the highest uniformity:  /g gd r  » 0.06. The spatial unifor-
mity may be improved if the overall illuminator dimension is 
not limited. This possibility is demonstrated by Fig. 6, which 
depicts the data similar to those of Fig. 4 for an illuminator of 
larger size (illuminator 2 in Table 1). The minimal value of the  
/g gd r  curve in Fig. 6 is equal to ~0.025. For this illuminator 

geometry and the same characteristics of the matrices, increas-
ing  the  illuminator  size  to  ~90  cm  is  attended  with  an 
improvement  in  the  uniformity  of  the  gain  distribution. 
Under this pumping, the specific stored energy is E » 1  J  cm–3. 
For an active element of  length L » 25 cm the  total stored 
energy will amount to ~500 J. 

4. Discussion and conclusions

By the example of a diode-laser-pumped active rod of square 
section, in this work we demonstrated the possibility of con-
trolling  the gain distribution profile  in  the  transverse direc-
tion to the optical axis. Although this possibility qualitatively 
is almost evident, quantitative characteristics, for instance the 
pumping efficiency and the degree of uniformity or, by con-
trast, the desired profile with a maximum on the optical axis 
could nevertheless be  found by numerical  simulations. This 
was  done  in  our work  by  the  example  of  pumping  scheme 
simulations for an active element measuring 4.5 ́  4.5 ́  25 cm 
and a stored energy of several hundred joules. It is hoped that 
the simulations of this kind will permit simulating the param-
eters of the facilities under construction and thereby decreas-
ing the number of expensive experimental research works. 

Furthermore, we proposed and employed a technique for 
calculating the spatial gain profile of the active rod of a solid-
state  laser  pumped  by  diode-laser  matrices.  The  technique 
takes  into  account  the  formation  of  the  directivity  pattern 

Table 1. 

Parameter Illuminator 1 Illuminator 2

Active-element side length a 4.5 cm 4.5 cm

Illuminator’s radius of curvature r 30 cm 45 cm

Displacement of the axis of 
cylindrical illuminator surface 
relative to the centre of the active 
element in the X axis, x0 

15 cm –2 cm

Characteristic matrix size DM 1.0 cm 1.0 cm

Distance D between matrix edges 0.56 cm 1.15 cm

Opening angle qsm of illuminator’s 
side mirrors

25° 10.9°

Number of diode matrices in the 
illuminator arc

10 10

Diode matrix radiation intensity P0 4 kW cm–2 4 kW cm–2

Directivity pattern width q 5° 5°

Refractive index n of the active 
element

1.59 1.59

Neodymium ion density N 2 × 1020 cm–3 2 × 1020 cm–3

Laser wavelength lL 1.06 mm 1.06 mm
Pulse duration T 300 ms 300 ms
Excited state lifetime ts of active 
element ions 300 ms 300 ms

Effective pumping duration f (T) 192 ms 192 ms
Stimulated emission cross section sL 
of the laser level 

3 × 10–20 cm2 3 × 10–20 cm2

Reflectivity of side mirrors 0.95 0.95

Optimal pump wavelengthи lА 884.5 nm 887.8 nm

Geometrical factor K of pumping 
efficiency

0.86 0.84

Spatial nonuniformity   /g gd r  of the 
gain distribution

0.06 0.025

Pump photon defect x 0.834 0.838

Net pumping efficiency h 45.1 % 44.2 %

875 880 885 890 895 900

850 860 870 880 900890 910

lp/nm

lp/nm

0

0

0.5

0.1

0.2

0.3

0.4

0.5

1.0

1.5

a/cm–1

lC

lC

lA

lA

lB

dg/g

0

0.2

0.4

0.6

0.8

K

a

b

lB

Figure 4. Pump-wavelength dependence of the absorption coefficient a 
in the active element on the 4I9/2 – 4F3/2 transition of a Nd3+ ion in phos-
phate glass (the data of Ref. [23]) (a) and the pumping efficiency K, as 
well as of the relative nonuniformity  /g gd r  of the spatial gain distribu-
tion for illuminator 1 from Table 1 (b).



625Gain distribution in the volume of a solid-state active element

(the angular brightness) of the total optical beam of a matrix 
from individual laser diode beams. The diode matrix itself is a 
convenient building element, since it comprises a large num-
ber of individual laser diodes and significantly simplifies the 
technology of making the pump system. 

Although this technique was used to calculate the gain in 
one specific rod version, it may also be employed for the sim-
ulation of rods of other shape with different matrix arrange-
ment geometry. Furthermore,  in the calculation by formula 
(3) use was made of a constant brightness value, which cor-
responds to the same pumping current for all matrices. The 
brightness (the pumping current) may also be an additional 
factor for controlling the spatial gain profile. This all may be 
taken into account in the simulation in the framework of our 
technique  by  a  non-essential  change  of  the  codes  for  the 
numerical calculation by formula (3). 

The precision of the like simulations is known to be within 
the  uncertainty  due  to  the  scatter  of  the  initial  optical  and 
spectroscopic  parameters  of  glasses  of  the  same  type.  As 
shown in Refs [23, 24], the simulation accuracy of the output 
characteristics of diode-pumped neodymium-glass lasers is at 
a level of 10 %. This gives grounds to believe that the accuracy 
of  gain  profile  simulations  performed  in  our  work  is  also 
within this limit. 

A high reproducibility of diode pump parameters and the 
capability of controlling the brightness of laser-diode matri-
ces provide an additional possibility of  controlling  the gain 
profile  without  changing  the  optical  configuration. With  a 
feedback signal monitoring the real spatial gain profile on a 
specific facility it is possible to realise the automatic control of 
the  real gain profile, or  fitting  it  to  the desired one.  In  this 
case, the accuracy may be defined by the precision of profile 
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Figure 5. (Colour online) Gain distributions in the XY plane inside the rod for pumping radiation wavelengths lA = 884.5 nm (corresponds to the 
lowest nonuniformity of gain distribution   /g gd r ) (a), lB = 900 nm (b), and lC = 879 nm (c). Shown on the right are the corresponding two-dimen-
sional gain distributions over the cross section of the active element. 
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control or the reproducibility of pump parameters and may 
be within  several  percent  or  better  [6],  as mentioned  in  the 
Introduction. 

To summarise, we note that the diode pumping of high-
power  solid-state  lasers  may  find  wide  use  despite  its  high 
cost, because it is capable of providing additional characteris-
tics and high performance of a laser facility, which is inher-
ently  impossible  with  the  use  of  flashlamp  pumping.  For 
instance, the advantages of diode pumping may be realised in 
the construction of a small-size (table-top) petawatt laser har-
nessing  the  CPA  stretching – compression  technology  for 
amplifying optical pulses. 
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