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A diode-pumped passively mode-locked Nd:YVO, laser with a five-mirror folded cavity is presented by
using a semiconductor saturable absorber mirror (SESAM). The temperature distribution and thermal
lensing in laser medium are numerically analyzed to design a special cavity which can keep the power
density on SESAM under its damage threshold. Both the Q-switched and continuous-wave mode-locked

operation are experimentally realized. The maximum average output power of 8.94 W with a 9.3 ps pulse
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width at a repetition rate of 111 MHz is obtained under a pump power of 24 W, correspondingly the opti-
cal slope efficiency is 39.2%.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Laser material Nd:YVOy,, due to its high absorption coefficient
and large stimulated emission cross section, is considered to be
suitable for constructing diode-pumped picoseconds laser [1-7].
However, the weak thermal conduction limits its application in
high-power, ultra-short-pulse mode-locked laser systems [8-10].
Refs. [5,11] have reported 6.2 W and 8.1 W averaged output power
with the conversion efficiency of 35% and 41% by adopting the SE-
SAMs respectively, but both mode-locked lasers are demonstrated
with Z cavity and the output is separated into two-beams, which
are not convenient for practical applications.

The main obstacles for high average output power mode-locked
laser are the thermal effect and SESAM’s damage. It is valuable to
analyze the thermal lens in Nd:YVO, crystal, which affects the out-
put power of the laser and the stability of the resonator. In this pa-
per, by adopting a finite element method to simulate the
temperature distribution in Nd:YVO,4 crystal, we obtain the ther-
mal focal length of laser medium. Based on the theoretical calcula-
tions, a five-mirror cavity is designed masterly to keep the power
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density on SESAM under its damage threshold and simultaneously
has a good mode matching in the laser crystal. Finally, a CW mode-
locked laser with the pulse width of 9.3 ps has been realized suc-
cessfully at a repetition rate of 111 MHz. The output mode-locked
laser has only one beam, and reaches an average power of 8.94 W
with the peak power of 8.6 kW.

2. Theoretical simulation of the thermal lens

The thermal distortions in laser rods have been widely investi-
gated. Innocenzi et al. [12] gave the focal length of the thermal lens
as

21K 022 1

fr= Pr(dn/dT) 1 — exp(—al) (1)

where Pris fraction of pump power that results in heating, wp is the
radius of the pump beam, K. is the thermal conductivity, dn/dT is
the thermal dispersion coefficient, « is the absorber coefficient, |
is the crystal length.

Eq. (1) is used frequently in resonator design [13-15]. However,
it is only applicable for isotropic rod laser crystal, and it just con-
siders the contribution of thermal dispersion while neglecting
the influence from the end face curvature [15]. In order to simulate
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the thermal effects of Nd:YVO, crystal more accurately, we adopt
the finite element method and consider its anisotropic thermal
conductivity.

The a-cut Nd:YVO, crystal used in this experiment has a dimen-
sions of a x b x =4 x 4 x 7mm?>. One end facet of the crystal is
coated antireflection (AR) at 808 nm and high reflection (HR) at
1064 nm, while the other end facet is AR coated at 1064 nm. The
Nd:YVO, crystal is wrapped with indium foil and fitted into a cop-
per housing which is cooled by water at a constant temperature of
289 K. In this case, the temperature profile in laser crystal is ex-
pressed by the three dimensional Poisson equation as
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+Ky -‘rq(X,y,Z) =0 (2)
where X, y are the transverse coordinates, z is the longitudinal coor-
dinate with the value of z = 0 at the pumped end of the crystal; K,
Ky, and K, are the heat conductivity coefficients of axis x, y, and z,
respectively; T is the temperature. The thermal density q(x,y.z)
along the resonator axis in the crystal can be expressed as Gaussian
function [15]

2Qu (1- efod)efz [(X*%)Lr(yf%)z] /‘U;%(Z)e*‘“z 3)

where Q is the total heat load, and in Nd:YVO, the quantum defect
is a fraction 0.24 of the absorbed pump power. On the basis of par-
axial approximation, the radius of the pump light in laser crystal
may be given by

Wp(Z) = Wpy + Op|Z — 2o 4)

where wpyg is the radius at the pump beam waist; 6p is the far-filed
half-angle and z; is the distance between the focal plane of pump
beam and the pumped facet of laser medium.

The thermal conductivity of heat sink is much greater than that
of laser crystal. The temperature at the surrounding surfaces of la-
ser crystal is supposed to be the same as water temperature. The
boundary conditions can be expressed as

a a
T(—j,y,z) — 289; T(j,y,z) — 289 (5)
T(—%,y,z) — 289, T(%,y,z) - 289 (6)
mxy,z), LLTxy, 2,
FEP Do = (T = Ty =522 = ~h(T = Ta) 7)

Here h is heat transfer coefficient between the laser crystal sur-
face and air; T; s the room temperature with a value of 300 K.

According to the corresponding parameters shown in Table 1,
by numerically solving coupled Eqgs. (2)-(7), we obtain the temper-
ature rise in laser crystal. Fig. 1 shows a two-dimensional (cross x-
y section) temperature distribution. At the pump power of 25 W,
the highest temperature in the center of the pumped facet is
585.8 K, resulting in a temperature rising of 296.8 K.

The inhomogeneous temperature distribution in crystal results
in the changes of refractive index. For light propagating along the
resonator axis, the beam distortion and wavefront variation are

Table 1

Parameters used in the simulation.

Parameters Values Parameters Values
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Fig. 1. The temperature distribution in x-z section (y = 0) at pump power of 25 W.

appearing. The optical path difference (OPD) for one pass through
the crystal can be written as [16]

1 1
OPD(x.y) = ot [ [Txy.2)~ Toldz + | TLT(ey)dz ®)
0 0

where n nd ng are the refractive index of the crystal at the temper-
ature T and the room temperature, respectively, o, s the thermal
expansion coefficient, Ty is the initial temperature. In the pumped
region, it is common to consider the laser crystal to be a thermally
induced spherical convex lens. The focal length of the lens could be
derived from the Eq. (8)

f(x,y) = (¥ +y*)/2(OPD, — OPD(x,y)) )

where OPDy denotes the OPD in the center.

Fig. 2 Shows the focal length of the thermally induced lens as a
function of the pump power, which is numerically obtained and
compared with the value of Eq. (1).

For the experimental configuration which is shown in Fig. 5,
using the well-known ABCD matrix method and considering the
thermal lens effect of the laser medium, we have simulated the ra-
dii of the TEMgo mode as shown in Fig. 3. With the increase of
pump power, the variations of TEMgg mode radii are about 300-
400 pm in the laser crystal and 30-80 pm on the SESAM, respec-
tively. From Fig. 3, it can be also seen that TEMy, mode radii on
the SESAM increases with the pump power, preventing the SESAM
from damage under high pump power.
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Fig. 2. The focal length of thermal lens versus pump power.



Download English Version:

https://daneshyari.com/en/article/1539324

Download Persian Version:

https://daneshyari.com/article/1539324

Daneshyari.com


https://daneshyari.com/en/article/1539324
https://daneshyari.com/article/1539324
https://daneshyari.com/

