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ABSTRACT The microchip lasers based on the neodymium
or the ytterbium doped yttrium-aluminium garnet crystal and
Q-switched by the Cr**: YAG film are considered. The opti-
mal (maximizing of energy) values of the pumping beam radius,
the absorber parameters (the thickness and tetravalent chro-
mium ion concentration), and the output mirror reflectivity are
determined. The possibility of higher values of energy in the
Yb: YAG laser pulse, in comparison with a more traditional
Nd: YAG laser, is also substantiated.

PACS 42.60.Gd

1 Introduction

Q-switched microchip lasers are widely investi-
gated and used as compact, relatively high-power coherent
radiation sources for the needs of ranging, sensing, and ma-
terial treatment. Such a laser consists of the generating (usu-
ally Nd : YAG) crystal with the Cr** : YAG saturable absorber
layer and the input and output mirrors formed on the cavity
edges. The ability to attain saturable absorption near 1 pm is
provided by the A, — 3T5 and *T, — 3T transitions of the
tetrahedrally coordinated tetravalent chromium ions, referred
hereinafter as phototropic centers. The quantum efficiency of
the Cr** : YAG absorber is low — the relative losses are about
89% [1].

We consider the problem of the Q-switched microchip
laser parameters optimization. It consists of determining the
output mirror reflectivity R,, the absorber thickness /g, the
tetravalent chromium ion concentration ng (or the initial
transmission Ty = exp(—ongls), where o} is the effective
cross-section of the 3A, — T, transition), and the pump-
ing beam radius rp, in order to maximize the energy in the
laser pulse (hereinafter simply referred to as energy). The ap-
proach to the optimization problem is based on solving the
rate equations system [1]. This describes the dynamics of the
inversion accumulation in the generating medium, the absorp-
tion in Cr** : YAG film, and photon generation. After that,
we compare the results obtained from numerically solving the
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rate equations system, with results obtained by use of rough
analytical expressions.

Such a comparison enables estimation of the precision of
the rough method to be made. In addition, a more rigorous
optimization of the modulator thickness /; and active dopant
concentration ngy can be carried out, not only the initial trans-
mission Ty optimization, as it takes place using analytical
expressions.

This optimization allows estimation of the theoretical
maximum obtainable value of the energy (as well as the peak
power) for different generating media and, consequently, to
carry out a comparative analysis. This approach is used here
for the comparison of the efficiencies of the microchip lasers
based on Nd: YAG and Yb: YAG generating media. This in-
vestigation is motivated by certain properties of the Yb3*
doped generating medium, which provide the expectation
of achieving higher values of pulse energy for a Yb: YAG
based microchip laser in comparison with a more traditional
Nd: YAG laser.

The advantages of the Yb: YAG medium in comparison
with Nd: YAG are: higher pumping efficiency, lower Stox
losses (9% for Yb : YAG and 26% for Nd : YAG), low thermal
load, a wider absorption band in the pumping region, a higher
lifetime of the upper laser level, an absence of concentration
quenching, and consequently, the possibility of an ytterbium
concentration increase [2, 3].

At the same time, the laser transition cross-section o, of an
Yb: YAG medium is lower than that of a Nd: YAG laser. As
this report will show, the previously mentioned advantages of
Yb** ions cause an appreciable increase in efficiency of the
Yb: YAG laser if the optimal pumping beam radius or a suf-
ficiently high pumping power are provided.

2 The microchip Q-switched laser parameters

optimization

The method used for the microchip Q-switched
laser parameters optimization (output mirror reflectivity R»,
absorber width [, tetravalent chromium ion concentration 7y,
pumping beam radius r;,, generating medium length /), based
on both the rough analytical and numerical analysis of the
Xiao—Bass model [1,4], are represented by a system of dif-
ferential rate equations. These describe the dynamics of the
inversion in the generating medium n,, the Cr** ion con-
centration on the ground level ng, and the changing photon
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quantity ¢, and are as follows :
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Here ¢y =3 x 108 m/s, and ny is the activator concen-
tration. For Yb [5], ny ~ 26.6 x 102 cm~3, and for Nd [4],
na0 ~ 1.387 x 102 cm 3.

ngo is the Cr** concentration, with g ~ 107 = 10! cm =3
in this case.

o, 1s a cross-section of the laser transition, for Yb: YAG,
0, =2x 1072 c¢m?, and for Nd : YAG, 0, = 3.5 x 10719 cm?.

o1, and oy, are cross-sections of the transitions be-
tween absorber levels, here o = 1.5x 1078 cm?, o, =
1.0x 10~ cm? (it must be mentioned that different re-
searchers give rather different cross-sectional values for
Cr** : YAG in particular. In [4] it is taken as 2.5 x 10~!8 cm?
for the 3A, — 375 transition, and as 3.0 x 10! cm? for the
3T, — 3Ty transition).

s, is the upper laser level lifetime, for Yb: YAG, t, =
0.951 ms, and 0.23 ms for Nd : YAG.

5 is the lifetime of the Cr*t exited 375 level, here 74 =
3.5 us.

1, is the generating medium length, here [, ~ 1 mm.

I, is the absorber thickness, here [; ~ 10 =250 pum.

I" = n(l, + 1) is the resonator length.

n is the refractive index, here n = 1.823 for Yb: YAG, and
1.816 for Nd : YAG.

tr =21'/cy is the time of the double passing of the res-
onator.

W, = % is tbe pumpi.ng rate.
nPyis the effective pumping power.

P, is the pumping power.

n is the pumping efficiency.

V=I-5S= nrg, where 7, is the pumping beam radius.

ng is the activator ion concentration on the ground level.

ng A2 Ny — Ny, Vp is the pumping radiation frequency.

Vp = co/Ap, where A, is the pumping radiation wavelength
(940 nm for Yb : YAG, and 809 for Nd : YAG).

¢ is adimensionless coefficient characterising the compar-
ative power of the spontaneous radiation, &£ &~ 10~13 [6] (the
second term of the last equation is in the form offered in [6]).

V' is the effective mode volume, V' = (I'/1,) V,, where V,
is the mode volume (here we assume V, &~ V).

L = —1In R| R, + L; represents the total loss.

L; represents diffraction and absorption losses (with the
exception of the losses on the transitions A, — 37, and
3T, — 3T, in the absorber), where L; =~ 0.03, and R, R, are
the input (R; ~ 1) and output mirrors’ reflectivities of the laser
radiation wavelength (1030 nm for Yb : YAG and 1064 nm for
Nd: YAG).

The quantity of photons in the resonator g in relation to the
output power is given by the expression P(f) = ’;—r" ln(Riz)q(t),
where v is the laser radiation frequency. The energy can now

be calculated as E = f P(t)dt, where the integral limits are
determined by the pulse duration. All calculations in this
chapter are carried out for the Nd : YAG generating medium.
The results presented later for Yb: YAG are easily obtained
by a corresponding substitution of the generating medium pa-
rameters into the equations.

We consider both the numerical method obtained by the
forth order Runge—Kutta technique, and the rough analytical
solution of (1). Use of the numerical method allows separate
accomplishment of the optimization of the absorber width g,
and the tetravalent chromium ion concentration rg, that can
otherwise not be realized by the analytical solution. Moreover,
this approach allows estimation of the precision of the analyt-
ical solution.

The rough analytical solution of (1) may be obtained if the
terms described for the pumping and the spontaneous transi-
tions are neglected [4]. In particular, for the peak power and
the energy one can obtain:
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where n,; and ny are the inversions in the generating medium
before and after the laser pulse irradiation respectively. There
is a connection between n,; and n,s determined by:
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The absorber thickness [ and the phototropic ion concen-
tration nyy are contained in (4) as a product, so the energy will
be a function of the initial transmission Ty = exp(—o/sng)
only (not a function of /5 and ny separately).

In principle, the optimization problem may be solved by
analytical or numerical calculation of the energy E at the
values of Ry, [, nso, 1p, la, keeping within their range of defin-
ition. However, this problem may be simplified sufficiently if
some relation between the values can be established.

2.1 Optimization of the output mirror reflectivity and
the absorber initial transmission

The laser pulse generation is started when the am-
plification in the generating medium becomes equal to the
losses, i.e. when the inversion n, achieves a high enough value
of the generation condition to fulfill:

20,l,n, —201lsngg — Li +In(R1Ry) =0. (®)]

The 3T absorber level is practically empty before the gener-
ation starts, so the term with o5 is absent in (5).
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The energy goes up if the inversion before the pulse gen-
eration n,; increases (at fixed n,¢). As follows from (5), the
inversion n,; is directly proportional to the absorber optical
density Dy = — In Ty = o1lsny, consequently, the energy rises
if the absorber initial transmission decreases. However, the es-
sential decreasing of the initial transmission may lead to the
situation that the generation condition (5) is not satisfied at the
fixed pumping rate W), and the output mirror reflectivity R.
This disappearing of the generation is related to the fact that
at the fixed pumping rate W,,, the maximal achievable value
of the inversion of the laser pulse amounts to 71,4 max = % Tfas
which follows from the first equation of the system (1), with
q =~ 0. So, if the initial transmission decreases, the generation
disappears when the condition
20ulanamax > 201lsng0 + Li — In(R{ Ry) (6)
becomes unfeasible, i.e. when the maximal achievable level of
the amplification remains less then the losses.

Thus, the decreasing of the initial transmission leads to
arising of the energy until the condition (6) becomes invalid.
Obviously, the maximal value of the energy will be achieved
at equality in (6), i.e. the nonlinear losses in the absorber will
ensure the achievement of the maximal inversion value 7, max
(more precisely, the left part of (6) must be higher than the
right one for a small value). This consideration is illustrated by
Fig. 1a, where the results of the calculations of the energy as
a function of the initial transmission T and the output mirror
reflectivity R, are presented. The calculations are carried out
with the analytical expressions (3) and (4) using the values:
effective pumping power - P, = 0.5 W, generating medium
length /, = 1 mm, and pumping beam radius r, = 75 pm. It is
obvious from Fig. 1a that the region of the 7y and R, values
is subdivided into two subregions, one of them corresponds to
the presence of the generation and the another to its absence.
The maximal values of the energy are realized on the bound-
ary between these regions, defined, as follows from (6), by:

T =

eXI)(_O'zila’/lam.al)( +Li/2). @)

1
v RiR>

This equation establishes a connection between the optimal
values of the initial transmission and the output mirror reflec-
tivity. As can be seen from (7), as Ry — 0 the value Ty — oo.
Naturally, the withdrawal of Ty from the range 0 — 1 means

that generation is absent at this value of output mirror reflec-
tivity and any initial transmission value.

Thus, the microchip laser optimization of the initial trans-
mission and the output mirror reflectivity (when the other
parameters are fixed) consists of the calculation of the energy
along the boundary of the generation region.

As was mentioned above, the analytical expressions con-
tain the absorber thickness [, and the phototropic centers
concentration ng, only as a product [ -ng, so the opti-
mization may be realized on the initial transmission Ty =
exp(—oingls). On the other hand, some terms of the system
(1) contain the values nyy and /s (the last one by means of V'
and f,) separately.

The separate optimization of the absorber thickness and
the phototropic centers concentration may only be realized
numerically . The results of such optimization are presented
in Fig. 1b. The three different dependencies correspond to the
same value of Ty connected with R, by (7), but to three differ-
ent values of the concentration nyy, and three different values
of the absorber thickness /s = ;lzTo, respectively. As can be
seen from Fig. 1b, the phOtOtI‘OplCSCOHCCIltI'atiOH ngo increase
at the fixed initial transmission leads to a definite increase of
the energy.

The maximal achievable values of the energy at other
parameters mentioned above amounted to 51.7, 53.1, and
58.5wJ, for the concentrations ng = 107, 10'%, and
10" cm™3, respectively (the last of these values is approxi-
mately equal to the highest technologically reachable concen-
tration [7]). Relative energy increases amounts to ~ 13% of
the concentration increases from 10" cm™3 to 10" cm™3. As
can be seen from Fig. 1a, the analytical calculation gives the
value of 51.9 uJ for the maximal achievable energy, which
corresponds to an inaccuracy of ~ 12.7% if the phototropic
centers concentration is close to the maximal technologically
reachable. Thus, the tetravalent chromium ion concentra-
tion increases with a synchronous decreasing of the absorber
thickness (with optimal initial transmission ensuring), and
leads to arising of the energy within the limits of 15%.

2.2 Optimization of the pumping beam cross-section

As follows from (3), as well as from general rea-
soning, the energy increases when the initial inversion, 7,;,
increases. The law describing an inversion increase during the
time interval between laser pulses may be defined from the

3 FIGURE 1 The laser pulse energy de-
) pendencies from: a the output mirror re-
flectivity R, and the initial transmission

0.0 02

To; b the output mirror reflectivity R»
R, if the initial transmission is calculated
by (7) (plot 1 for ng = 10'7 cm=3, plot

T
0.898

0449 os01 2 for ng = 108 cm™3, plot 3 for ny =
0 10" cm™3)

T
0.635
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first system equation (1) at ¢ = 0. After the integration one
obtains:

t
Ny = Namax — (Mamax — Naf) €XP <__> s (8)

Tfa
where time is counted from the previous pulse ending.

The interval between the laser pulses At and their fre-
quency F may be easily determined from (8) if it is taken into
account that the pulse duration for such lasers has #, < At,
and the inversion before the laser pulse is n, = n,;, to yield:

F

Namax — Mai

9

As mentioned above, the maximal achievable value of the in-
version is defined by the pumping and the generating medium
parameters, and amounts tO 7, max = \Zh—Pv'; Tr,. On the other
hand, this value can obviously not exceed the active ion con-
centration in the generating medium, 7,9, (as it is known that
the concentration quenching of the luminescence restricts the
value of the activator ion concentration, n,y, on the nearby
level of 1 at. % for Nd : YAG). This condition allows the de-
termination of the value of the pumping power density, thus
ensuring the maximum possible inversion level achievement:

nPk, _ naohvp

= 10
m’f,la Tia 10

If the pumping power n P, and the generating medium length
I, are fixed, the pumping power density can only be changed
by means of the pumping beam radius r,. A pumping beam
radius decrease at fixed n P, and /,, leads to a pumping power
density rise, as well as a rise of the inversion upto a value of
~ ny0, and so leads to an energy increase. However, at low
enough values of rp, the energy begins to decrease because
of a generation volume decrease (see (3)). Hence an optimal
value of the pumping beam radius rp must exist. The esti-
mation of 7, pt, may be obtained from the £ = E(r,) depen-
dence calculation for the different effective pumping power
values, at which every computed point of the optimization of
the initial transmission and the output mirror reflectivity, will
be realized as stated above. The results of these calculations
are presented in Fig. 2a,b.

The specific peculiarity of the curves on Fig. 2a is the pres-
ence of a sharp asymmetrical “threshold-like” extremum
near r, = rpopt. The inversion in the extremum for all the
curves amounts to 71,9, as it follows from the comparison of

600 14

25

204 3

154

F,kHz

104

a max a0

FIGURE 3 The dependency of the frequency F from the 71,4 max normalized
on nyo for the different values of the relation nas/nao (Nai X na0): Nat/Na0 =
0.1 (1), naf/na() =05 (2)’ naf/na() =0.9 (3)

Fig. 1a and b. More precisely, the inversion n, remains a cer-
tain percentage less then n,g, but this difference does not
essentially change the value of the energy.

Thus, the optimization of the pumping beam radius may be
realized by the following rule: at the fixed effective pumping
power, the optical system must ensure sufficiently low values
of the pumping beam radius, but not lower than the value
reached at inversion, n,; = n,9, which is:

NPyt
JTlanaohUp ’

an

Tpopt =

As Fig. 2a shows, the effective pumping power increase
at rp = rpopt, does not lead to an energy (as well as the peak
power) increase, but causes the frequency F to increase in
accordance with (9). This is also obvious from energy conser-
vation. This fact as well as the linearity of the F (11, max/40)
dependence at sufficiently high n, n,« values (Fig. 3), gives the
possibility of frequency control without change of the pulse
parameters. This may be convenient for frequency pulse or
positional pulse modulation. Note that the value n,max /140 in
Fig. 3 is larger than unity because 7, max = Jh—i Tg, presents an
inversion which may be theoretically achieved at a fixed value
of the effective pumping power density, nP,/V, under the as-
sumption that any concentration limitation of 7, . is absent.
Naturally, the inversion in the generating medium can not ex-

400 <@

E, ]

2004

FIGURE 2 The dependencies of the
laser pulse energy (a) and the initial in-
version (b) from the pumping beam radius

T T T
0.00 0.05 0.10 015 020 0.25 0.00

P

for the different values of the effect-
ive pumping power: nP, =05W (1),
NP, =2W(Q2),nP,=5W(3)
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ceed the total active centres concentration, 7, so in fact for
all points in Fig. 3, n,max = 140, and the abscissa axis value
presents the normalized effective pumping power.

2.3 Influence of the generating medium length on laser

pulse parameters

The influence of the generating medium length on
the laser pulse parameters may be defined by generalization
of the approach used in the previous subsection (2.2), i.e. by
the determination of the initial optimal transmission and the
output mirror reflectivity for the values of the r, and [, pairs.
The calculated dependencies of the peak power and the energy
from r, and [, for the effective pumping power 0.5 and 5 W are
presented in Fig. 4.

As can be seen from Fig. 4, at high enough (> 1 mm)
values of /, the energy as well as the peak power is practically
independent of the generating medium length, and depends
only on the pumping beam radius. It should be noted that at
I, > 1 mm the single-mode generation condition /, < %’Va,
where Av, is the amplification outline width, will be not sat-
isfied. This inessential dependence of energy upon the gener-
ating medium length allows use of either bulk single crystals
or epitaxial film gain medium.

Thus, the achievement of the microchip Q-switched laser
optimization for the maximal energy in the laser pulse , while
taking into account the analysis of sections 2.1-2.3, amounts
to the following: at a given effective pumping power value,

"Q'\ﬁ“‘m“

§\\\ |
\l
.
\ IR

and a constructively chosen (with wide enough limits) gener-
ating medium length, the optimal pumping beam radius is de-
termined from (11). After that, the optimal values of the initial
transmission and the output mirror reflectivity are defined by
the £ = E(R;) dependence calculation, taking into account
the relationship between R; and Ty (7). At the defined value of
the initial transmission, the highest energy value is realized if
the phototropic centers concentration in the absorber is set at
the maximum reachable with current technology. In this way
the optimization of the microchip Q-switched laser parame-
ters is in fact reduced to a one-parametric case of either, the
output mirror reflectivity, or the absorber initial transmission.

3 A comparative analysis of Q-switched microchip
lasers based on Nd : YAG and Yb : YAG
generating media

Here we use the previously mentioned approach
for comparison of the Q-switched Yb: YAG laser character-
istics with those of the more traditional Nd: YAG laser. As
mentioned in the introduction, the features of the Yb: YAG
medium allow expectation of the achievement of higher en-
ergy values with it, in comparison with Nd: YAG. The cal-
culations are based on the absorbed pumping power, not on
the effective pumping power nP,, because of the sufficient
difference in the Stox losses for Yb: YAG and Nd: YAG.
The generating medium length /,, amounts to 1 mm, and the
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FIGURE 4 The dependen-
cies of the peak power (a, c)
and the energy (b, d) from
the pumping beam radius r,
and the generating medium
length [, at the values of
the effective pumping power
0.5W (a,b) and 5W (c, d)
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Yb3t concentration n,9 = 26.6 x 102 cm =3 [5]. The diffrac-
tion losses and losses into the material L; for both media are
considered to be equal, with L; = 0.03.

The optimization is now realized by the following process:
for each value of the absorbed pumping power P,, the opti-
mal value of the pumping beam radius is calculated from (11).
Then the optimal value of the output mirror reflectivity R,
and the absorber initial transmission Ty, related to R, as per
(7), are determined by the E(R;) dependence computation.
Such a calculation allows the estimation of the highest theor-
etically reachable values of the peak power and the energy in
the laser pulse at the given absorbed pumping power P, value.

As follows from our calculations, the optimal pump-
ing beam radii rpop for Nd: YAG and Yb: YAG, are de-
fined by expressions rpop =40 /P, um W12, and ryop =
22 /P, pum W~1/2 respectively, i.e. the optimal radius for
Yb: YAG is almost in twice as low. This complicates the op-
timal pumping beam radius achievement for the Yb: YAG
laser at low values of the absorbed pumping power (particu-
larly at the low values of P,, as diffraction restrictions become
essential).

The results for the peak power and energy as a function of
the absorbed pumping power calculations are shown in Fig. 5.

As shown in Fig. 5, the substitution of the Nd : YAG gen-
erating medium with that of the Yb : YAG under the condition
p = I'popt» 1eads essentially to the increasing of the energy as
well as the peak power of the laser pulse. The linearity of the
Prax = Pmax(Py) and E = E(P,) dependencies, allows esti-
mation of the highest possible values of the energy and the
peak power for the different pumping power values. In par-
ticularly, for the absorbed pumping power value ~ 5 W, the
maximal values of the energy is 0.4 mJ for Nd: YAG and 3 mJ

90 35

for Yb: YAG laser, at the peak power nearby 7 and 86 MW
respectively.

As follows from our calculations, if the condition r, =
Tpopt 18 fulfilled, the maximum reachable values of the peak
power and the energy are realized at the output mirror re-
flectivity R, and are the same for all values of the absorbed
power, which follows directly from the expressions (2)—(4).
At ny = nymax and with the relationship (7) satisfied, the fi-
nal inversion n, is determined only by R», so the peak power
and energy are also determined by the output mirror reflectiv-
ity only. The significance of the optimal pumping beam radius
Tpopt» and the pumping power P, is to ensure achievement of
the maximum initial inversion value 7, max. It must be men-
tioned, that the obtained value of the optimal output mirror
reflectivity amounts to ~ 0.1 (Fig. 6). If the pumping beam
radius increases from rpp, the optimal reflectivity also in-
creases and at high enough r;, ~ 250 pm it amounts to ~ 0.95,
which corresponds to the output mirror reflectivity, generally
accepted for the lasers. As can be seen in Fig. 6, increasing the
output mirror reflectivity from its optimal value leads to a de-
crease in the energy required for a sufficiently high absorbed
pumping power.

The energy and the peak power maximums for the
Yb: YAG medium conforms to the lower values of the out-
put mirror reflectivity in comparison with the Nd : YAG laser.
In particular, the peak power maximums for Yb: YAG and
Nd: YAG are realized at R, =~ 0.02 and 0.09 respectively
(if 7p = rpopt), With energy maximums — at R, ~ 0.04 and
0.08. This assertion is valid for an arbitrary pumping beam
radius. Such a peculiarity comes about as a result of the rela-
tively low value of amplification, o, - n,, for the Yb: YAG
crystal.
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[ 30
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v
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FIGURE S The  highest
reachable peak power (a)
and energy (b) in the laser
pulse as a function from the

absorbed pumping power for
Nd: YAG (1) and Yb: YAG
a (2) Q-switched lasers

FIGURE 6 The dependen-
2 cies of the Nd:YAG (a)
and Yb: YAG (b) lasers en-
ergy from the output mirror
1 reflectivity for the differ-
ent values of the absorbed
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FIGURE7 The peak power (a)
and the energy (b) dependencies
from the pumping beam radius for
Nd: YAG (solid line) and Yb: YAG
(dash line) lasers at the absorbed
pumping power P, =0.3 W (1) and
P,=05W(2)

300
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; 3. 2004
. S}
5 1504 i
H
& ;
P 100 |
i 50/
P21 ;
0 P e S — of v
T T y T
0.00 005 0.10 0.15 0.20 025 000 0.05
a 7, mm b

If the pumping beam radius increases from ry, o at a fixed
pumping power, this may lead to sufficient changing in the
Nd: YAG and Yb: YAG generating media efficiencies rela-
tionship. In Fig. 7 the peak power and the energy dependen-
cies from the pumping beam radii are shown for Nd: YAG
and Yb: YAG lasers at the values of the absorbed pumping
power P, = 0.3 and 0.5 W. As shown in Fig. 7, at low values
of the pumping power, and high enough r, the energy as well
as the pumping power of the Nd : YAG laser becomes higher
than that of the Yb: YAG laser. Thus, the efficiency of the
Yb: YAG generating medium will certainly become apparent
at a sufficiently high pumping power.

4 Conclusions

The conclusions of our work can be summarised as
follows:

1) Maximal energy in the microchip Q-switched laser pulse
is achieved if the laser action takes place just above the
generation threshold. The generation condition (6) al-
lows establishment of the connection between the optimal
values of the initial transmission and the output mirror re-
flectivity (7).

At the fixed values of the initial transmission and the out-
put mirror reflectivity, the energy increases if the tetrava-
lent chromium ion Cr*t concentration increases (at re-
spectively lower absorber thicknesses). Relative rising of
the energy is about 13%, if Cr** concentration increases
from 10'7 to 10! cm~3. This value also corresponds to the
measure of inaccuracy of the rough analytical expressions
(2),(3).

The energy and the peak power essentially depend on the
pumping beam radius especially if the pumping power
is low. The maximal values of the energy, as well as the
peak power, are achieved at some optimal pumping beam
radius, determined by the effective pumping power, the
generating medium length, and the maximal reachable in-
version value.

The effective pumping power increase at rp, = rpope does
not lead to the energy (as well as the peak power) increas-
ing, but causes a frequency increase in accordance with
(9). This gives the possibility of frequency control without
changing the pulse parameters , which may be convenient

2)

3)

4)

5)

0)
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for pulse frequency modulation or positional pulse modu-
lation.

At sufficiently high (> 1 mm) generating medium length
[,, the value of the energy in the pulse does not essentially
depend on the generating medium length. Such inessen-
tial dependence allows it to be used for either bulk single
crystals or epitaxial films.

The substitution of the Nd : YAG generating medium with
the Yb : YAG laser under the condition r, = rpop leads to
an increase of energy as well as peak power in the laser
pulse.

Increasing the pumping beam radius from ry, o at the fixed
pumping power leads to sufficient change in the Nd: YAG
and Yb: YAG laser efficiencies relationship. In particular,
at low values of pumping power and a high enough pump-
ing beam radius, (~ 200 wm), the energy and peak power
in the pulse of the Nd: YAG laser becomes greater than
that of the Yb: YAG. Thus, the efficiency of the Yb: YAG
generating medium becomes apparent at sufficiently high
values of pumping power.

The value of the optimal pumping beam radius for the
Yb: YAG generating medium is approximately twice as
low as the optimal radius for the Nd:YAG medium.
This complicates the optimal radius achievement for the
Yb: YAG laser. Moreover, the Yb : YAG laser is more sen-
sitive to changes in the pumping beam radius, so it may
require a more precise focusing system.
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