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CFE2 Fig. 2 Cr**forsterite laser
output as a function of 744-nm pump
power. The use of a 3% output coupler
resulted in a 0.7 W threshold power.

portant in applications that require laser
designs using shorter crystals such as for
diode pumping and femtosecond pulse
generation. For diode laser pumping,
short crystals enable a wider range of
cavity designs, which can effectively
mode-match the diode pump and laser
cavity modes necessary for efficient laser
operation. Previous studies in mode-
locked Ti:sapphire demonstrate that short
laser crystals are essential for reducing
the effects of higher order dispersion,
which limit pulse duration.® This paper
suggests the possibility of using Cr:for-
sterite for achieving diode-pumped op-
eration as well as improved femtosecond
pulse generation in the 1.3 micron re-

gime.
*International Laser Center, Belarus State
Polytechnical Academy, Minsk 220027,
Belarus
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Saturable Bragg reflector mode-locking of
Cr**:YAG laser pumped by a diode-pumped
Nd:YVO, laser

B. C. Collings, J. B, Stark,* S. Tsuda,** W.
H. Knox,** J. E. Cunningham,** W. Y.
Jan,** R. Pathak,** K. Bergman,t Princeton
University, ]303 Engineering Quad, Olden
Street, Princeton, New Jersey, 08544
Mode-locked solid-state lasers with broad-
band gain have led to rapid advance-
ments in the production of the ultrashort
pulses. In 1991, Shestakov et al. reported
the first room-temperature cw lasing of
Cr**:YAG' in the 1550-nm telecommuni-
cations window of optical fiber. Kerr-lens
mode-locking (KLM) of Cr**:YAG has
produced pulses as short as 46 fs.** In
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this paper, we demonstrate self-starting
passive femtosecond mode-locking of
Cr*":YAG using a nonlinear mirror called
a saturable Bragg reflector (SBR). We
pump the Cr**:YAG, whose absorption
band is centered around 1000 nm, with a
diode-pumped Nd:YVO, laser.! We dis-
cuss the SBR mode-locking of this laser
and compare with KLM techniques.
Recently, Tsuda et al. demonstrated
self-starting passive SBR mode-locking of
a Cr:LiSAF laser by a Bragg reflector fab-
ricated in AlAs/AlGaAs with a single
quantum well [Fig. 1(a)] providing the
mode-locking saturation dynamics.® We
have extended that SBR technology to the
1550-nm region. Our laser configuration
consists of an astigmatically compen-
sated folded Z cavity with a 20-mm
Brewster cut Cr**:YAG crystal (IRE-PO-
LUS), 10-cm radii focusing mirrors and
two SF-10 prisms 17 cm apart providing
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GVD compensation [Fig. 1(b)]. All mir-
rors have reflectivities centered about
1550 nm. The pump beam from a diode-
pumped Nd:YVO, (Spectra-Physics OEM)
is focused through one of the focusing
mirrors delivering about 10 W of power
at 1060 nm. The maximum cw power ob-
tained is 1.35 W at 1500 nm. A 10-cm mir-
ror focuses one end of the cavity on the
surface of the SBR. A pellicle is used as a
variable output coupler for SBR mode-
locking.

Self-starting SBR mode-locking is ob-
tained between 1530 and 1545 nm with
pulses as short as 110 fs and a total out-
put of 70 mw for approximately 9 W of
pump power. Figures 2(a) and 2(b) show
the spectrum and autocorrelation trace of
the output. The repetition rate of the laser
is 150 MHz with TEMy, mode output.
When saturated, the SBR is estimated to
have 0.5% loss. The total output coupling

Bragg Reflector

(a)

CFE3 Fig. 1
the intracavity SBR.

(a)

()

(a) Diagram of the structure of the SBR. (b) Diagram of the cavity with
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CFE3 Fig. 2 (a) Typical spectrum of SBR mode-locked output. (b) Typical
autocorrelation trace for SBR mode-locked output.
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(a) Typical spectrum of KLM mode-locked output. (b) Typical

autocorrelation trace for KLM mode-locked output.
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is 1.4%. The SBR focusing mirror is then
replaced with a 1.5% flat output coupler
and KLM is started by an SBR in a cou-
pled external cavity. Pulses as short as 85
fs between 1510 and 1545 nm with an av-
erage output power of 150 mw are ob-
tained. Figures 3(a) and 3(b) show the
spectrum and autocorrelation trace of the
output.

In the case of mode-locking with the
SBR, it is believed that the transient
saturation dynamics of the SBR is the
dominant mode-locking mechanism.® By
changing the SBR focusing, the pulse-
width can be varied well into the pico-
second regime were as much as 160 mw
total output is obtained. Increasing or de-
creasing the SBR-focusing mirror sepa-
ration away from this point causes the
pulsewidth and average power to de-
crease.

We discuss further comparisons be-
tween SBR and KLM mode-locking in
this material system, optimum design of
the SBR, and the advantages of the use
of a diode-pumped solid-state source for
this application.
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Amplification of broadband chirped pulses
up to the 100 m) level using alexandrite-
pumped neodymium-doped glasses

C. Gamache, D. Descamps,* D. Husson, S.
Seznec, A. Migus,** Commissariat a
I'Energie Atomique, DLPP/EME/TL,

Centre de Limeil-Brevannes, 94195
Villeneuve-St-Georges, France

We report the amplification of broadband
pulses in laser-pumped Nd:glasses with
obvious applications to ultrashort pulse
technology and to a front-end for the en-
visioned Megajoules laser facility de-
voted to inertial confinement fusion (ICF)
studies and ignition demonstration.! The
broadband capability is then required to
implement optical smoothing techniques
with nanosecond pulses® or possibly the
fast ignition scheme based on the use of
picosecond pulses.?

Nd:glass systems have been already
demonstrated as able to deliver very-

high-peak-power pulses when associated
with the chirped pulse amplification
(CPA) technique.** Furthermore, there
has been interesting previous demonstra-
tions of CPA Nd:glass regenerative am-
plifier* and amplifier stage’ pumped by
an alexandrite laser. Alexandrite lasers
have several advantages in terms of high
repetition rate, large tunability, large en-
ergy delivery in a duration fully compat-
ible with the Nd@** excited-state lifetime
and a mode quality allowing longitudinal
pumping.

Although the advantage of using Nd:
glass includes that rods can be cast into
a great variety of forms and sizes with
excellent homogeneity at relatively low
cost, major limitations of Nd:glass in
terms of amplification consist of limited
bandwidth and poor thermo-mechanical
properties. Another concern lies in the
spectroscopic properties of Nd:glass. This
is important in determining whether or
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CFE4 Fig. 1 Experimental small-signal
double-pass gain measurements versus
pump fluence, with 0.56 pJ input energy
and 10.2-nm input bandwidth. A Total
extracted energy/input energy.
Theoretical small signal gain when
adjusting mq to be equal to 0.49 in
continuous line. The theoretical small
signal gain when taking into account
Upconversion Auger (equivalently ng is
equal to 0.51) is in dashed line, the
theoretical small signal gain when
taking into account upconversion effect
and excited state absorption
(equivalently mq is equal to 0.59) in
dotted line.
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CFE4 Fig. 2 Output energy versus
input energy with 10.2-nm initial
bandwidth. A Total energy extracted.
The theoretical curve with mg equal to
0.49 is in dark line, the small signal gain
in dotted line and when mq is equal to
0.59 in dashed line.

not pumping in the wings of absorption
bands may result in any narrowing of the
emission and decrease the energy extrac-
tion capability. This is important also to
determine the energy storage in glasses,
which is depending on transitions rates
as a function of temperature, doping and
excitation wavelength.®

We have therefore developed an am-
plifying stage made of Nd**-doped phos-
phate and silicate glass rods, which are
respectively placed in a symmetric con-
figuration and pumped from one side by
a free-running Alexandrite laser. The am-
plifier is fed by the output of an all-Titane
Sapphire chirped-pulse amplifier system,
which includes a Kerr-lens mode-locked
Ti:sapphire oscillator and a regenerative
amplifier able to deliver up to 5 mJ of
chirped pulses at 1.06 um. We have stud-
ied the gain versus pump fluence and
pump wavelength. We find that pumping
in the wings of the absorption spectrum
allows us to better distribute the deposi-
tion of thermal energy while keeping a
broadband amplification capability. A
double-pass small-signal gain of up to
100 has been measured (Fig. 1) when
pumping at 782.5 nm with only 2.4 joules
at a 1-Hz repetition rate. We have also
studied the total extracted energy versus
input energy with 10-nm input band-
width. We demonstrate that pulses in the
100 m] range can be produced (Fig. 2). A
model of amplification that takes into ac-
count the exact configuration is shown to
agree with these experimental perfor-
mances only when assuming that the
stored energy is half of what should be
obtained with a pump quantum effi-
ciency of one. We discuss the physical or-
igins of this loss mechanism in terms of
spectroscopics properties of high density
and excited states of Neodymium ions
such as Auger upconversion and excited
state absorption,®® and present related ex-
perimental results.
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