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INTRODUCAO

Centros de cor sao utilizados comumente como meio la
ser ativo no infravermelho proximo. Em particular, existem treés
(3) espéecies que absorvem bem na regiao de emissao dos lasersde
Nd, quais sejam: F, em LiF, T1°(1) em KC1l e F;+em NaCl. Destes
O0s centros Fz_ em LiF, destacam-se por operar a temperatura
ambiente.

Utilizando estes cenbros;- procuramos estudar o compor
tamento C.W. de um laser de Nd:YAG acoplando a cavidade princi

pal a uma cavidade com compensagao astigmatica, onde o foco €

bem intenso na regiao onde se localiza o cristal.

CARACTERISTICA DOS CENTROS DE COR

Os cristais de LiF por nos utilizados, sao crescidos
no Laboratorio de Crescimento de Cristais do IPEN, iniciando-se
esse processo pelo método de refino por zona,e sendo finalmente
puxado pelo método de Czochralski. Amostras de LiF ultrapuros de
1,74 x 10 x 10 mm® foram polidos e irradiados com feixes de elé

trons numa taxa de 2 pA/cm? . sec. por aproximadamente 4 min por
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face a temperatura ambiente . Dessa maneira obtém-se densidades

Oticas de 2,0 cm ', a depende da dose de irradiacdo. Esses cen

tros apresentam uma seccao de choque de absorcao em 1.064 nm de

04 = 4,1 x 107 ecm® e tempo de decaimento, T = 54 ns a tempe
ratura ambiente . A intensidade de saturacao e de
Ig.-= 4,5 x W2 {sg em?)" L,

Os centros de Tlo(l) sao formados através da irradia
cao por elétrons, a uma dose de 2 uA/cm? por 5min em cada face.
Este cristal possui dimensoes de 1.74 x10x10mm®, e é& colocado
em angulo de Brewster na regido de maxima contricao da cintura
do feixe incidentevnuma cavidade de compensacao astigmatica. Es
tes centros possuem seccdo de choque de absorcdo oz =6 x 10 Vcm?
e tempo de decaimento de 1.6 us o que equivale a uma intensidade

22 — e
de saturacado de Ig = 1,04 x10 sec '. cm e

A CAVIDADE ASTIGMATICA

A cavidade astigmatica e composta por trés espelhos em

dois bracgos que fazem entre si em angulo de 20°. 0 espelho de

fundo tem R; = 25mm e o espelho inclinado tem R, = 50 mm. Estes
estao separados por uma distancia d; = 50mm. O intervalo de es
- “R. f?
tabilidade e dado por 28 = Smax -6 2 - =
& (d,-f) (d,-R,-f)
= 0.9mm, com f = —— = 2,5cm e d, = 200cm & a distancia
2

entre o espelho inclinado e o espelho de saida. A cintura do
& W 2
. feixe e dada por L Yo . 25 & Wy v 20 pm,
X g
O acoplamento das cavidades do laser de centro de cor

e da cavidade do laser de Nd:YAG & feito com o casamento das

cinturas dos feixes no espelho de saida do laser de Nd:YAG.Agora
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O batimento dos modos devido as duas cavidades,obtemos o acopla

mento destas, quando e realizado um perfeito casamento destes mo

dos,

levando a um real dominio da cavidade ressonante do laser

de Nd:YAG, pela cavidade de astigmatico.

i)

ii)

RESULTADOS

Utilizando o esquema experimental da figura abaixo, obtive
mos um absorvedor saturavel LiF:F, , o chaveamento C.W. pas
sivo do laser de Nd:YAG o qual forneceu pulsos gigantes de
200ns a 33 A de corrente de limiar. Com o aumento da corren

te para 35 A, estes estreitaram bara 100 ns.

Com o cristal de KCl com centros de Tlo(1), foi usado um es
quema semelhante ao anterior, com o acrescimo de um prisma
e um espelho. No caso, o sequndo prisma tem a funcao de des
viar a emissao laser de 1.500nm do centro Tlo)1), e o}
quinto espelho formar a sua cavidade ressonante. ApOs o aco
plamento, e a obtencao da acao laser destes centros, obtive
mos o chaveamento-Q do laser de Nd:YAG, que apresentou pul

sos de 50 ns de largura temporal a meio maximo. Atualmente,

" estamos estudando a eficiéncia do laser de KCl:Tlo(1),»e va

mos aumentar o comprimento da sua cavidade ressonante,a fim

de gerar pulsos mode-locked.
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Q-SWITCHING THEORY

Considering that the LiF:F, centers changes fast
their absorption properties during laser pumping the peak output
power is given by: |

“Vhv
2Tr

Pp':

£n (1/R) [n - n;r (1 + £n nr,lr ]

Where hv is the photon energy, iTR is the cav1ty round
trip time R is the mirror reflect1v1ty n is the maximum
population 1nver51on and T is the cav1ty threshold inversion
population in the absence of the absorber. The maximum gain is
a measurable quantity given by: GM = oeRL where oe is the emission
cross section L is the active medium 1enght and GT‘ is the
threshold gain. We can maximize the peak power that is a funcion
of the output mirror reflectivity by imposing:

CM  — 2
Mz GF . gn | gM )

and in order to achieve the maximum possible inversion population

we must have an initial saturable absorber transmission given

To = exp [GT - GM]

EXPERIMENTAL PROCEDURE

by:

Ultra pure (U P ) crystal were grown in our laboratory

by Czochralski method from zone reflned material treated under HF
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atmosphere. Nd:YLF laser rods were also produced in our labora
tory from Nd:YLF single crystals grown from U.P. starting YF,
NdF, and LiF materials. These reagents were sinthetized and zone
refined under HF. The Nd:YLF laser is pumped by a Xe flash lamp
in a tight coupling pumping cavity; the ressonator cavity is
plane parallel; the rod is 7cm long by 6mm &, polarized ,

with an output energy of (free running) of 300 mJ .

F, CENTERS IN LiF CRYSTAL

F, color center consists of two adjacent anion va
cancies shared by three electrons. They are efficiently produced
by y-ray irradiation, at room temperature in U.P. LiF crystal.
The fundamental F, absorption peaks at 960 nm.These centers are
room temperature stable and can stand high peak powers in the
absorption region. LiF:F, centers created as described above
have a decay time of 100 ns at room temperature.

Inserting the LiF:F, crystals in the laser resona
tor with an unsaturated absorption of 48%, we obtained a pulse
width of 9 ns (FWHM). The length of the cavity, for this ope
ration, is 40 cm, the shortest possible for achieving optimum
Q-Switching, as shown in fig. 1. By increasing the cavity length
above 100 cm, we observed complete mode-locked regime, as is

shown in fig. 2.

CONCLUSIONS

As we increase the initial absorption, of the satu
rable absorber, the pulse width becomes narrower and the number

of pulses smaller, as we expected. The highest output peak power
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Figure 1. Laser pulseusing anF, initial absorption of 48%

an output coupling of 58%. The pulse energy is 110 mJ.

Figure 2. Full mode-locked train

50 cm).

of pulses obtained with 48%
tial F, absorption and 13% output coupling (cavity length

ini
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obtained was 12 MW. For our laser conditions, the maximum gain
is 1.25, so according to the theory, in order to have the very
best conditions we need an output coupling of 51% ( considering
that there are no losses in the resonator). The initial trans
mission of the saturable absorber for optimum performance,would
be T, = 41% and therefore the output peak power would be 30 MW.
For our best experimental conditions (initial absorption 48%),
we estimate an output power of 22 MW,This is relatively close to
12 MW because the LiF crystal was uncoated, introducing some re
sidual losses. This result exceeds our expectation because the
5 =

, Centers have a much faster decay rate than the gain medium

pump rate, providing an efficient loss for the laser. The absen
ce of this effect is due to the stimulated emission induced by
the Nd emission line of the F, centers, behaving as a two level
system and contribuiting to the laser field. This is a conserva
tive mechanism for the laser output energy.The stimulated decay
in the saturable absorber also populates much faster the ground
state of the F,  centers providing a very fast gate during the
intense burst of the pulse. This explains why we obtained mode
locking operation by stretching the cavity length, in spite of
the saturable absorber long decay time with respect to the cavi

ty round trip time.
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