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Abstract: One-hundred-ten-fs and 72-fs pulse-widths weraiobtl directly from a mode-locked Yb:YAG
laser with SESAM and without SESAM, respectivelheTlaser-spectrum-center and the fluorescencescente
were almost same. The oscillation-spectra were rbueader than the fluorescence.

In recent years, there has been great interesbderocked lasers with high average output powegh efficiency,
high reliability, and compactness. They have sdvapplications in scientific and industrial fieldsuch as
wavelength conversion, nonlinear spectroscopy, sugkrfine material processing. To achieve high postert
pulse laser, a broad emission spectrum and fav@thbimal properties are important.*¥on doped materials are
believed to be the most promising materials tosgathose needs. Ybion has only two Stark manifolds, which
reduces undesirable effects such as excited dtate@tion, cross-relaxation and quantum defechabthe thermal
loads are reduced. Their broad spectra allow fiactly diode-pumped high power short pulse lasgesveral kinds
of diode-pumped Y#-ion doped laser generating sub-100 fs pulses H#sawdigh power femtosecond lasers have
been reported.

The YB*-ion doped crystals used to generate sub-100 fsepuso far, however, have favorable thermal
properties. In addition their extremely broad flesezence spectrum tends to have a large overlap twéh
corresponding absorption spectrum, which leadss#dsorption loss. For example, monoclinic doubteg$tates
and orthovanadates are good alternatives, andsl@fed 120-fs pulses were produced with a SESAMheraser
materials of Yb:KY(WQ), (abbreviated as Yb:KYW) and Yh:YVQrespectively. Sub-100-fs pulses were also
obtained with a SESAM from an Yb:Lu\j@aser as well as from an Yb:glass laser. Pulseshed as 47 fs were
recently generated from a passively mode-lockedC¥BdAIQ, laser with a SESAM. Passively mode-locked
Yb:YAG lasers with a SESAM in low-output-power regs generated pulses as short as 340 fs at 102hdrh36
fs at 1050 nm, and in high-output-power regiopsilae energy as high as 5.1 pJ in 800-fs pulseswoldsved.

The pulse width of the all lasers was restrictethtlimit of the fluorescence spectrum. In theecaYb:YAG,
at the gain center wavelength of 1030 nm, the #soence spectral width is 9.5 nm in FWHM and tharieo
transform limited pulse width is 120 fs. Spectraddilening by filtering of the gain center was acbikpreviously.
The pulse width of 100 fs was observed and ther leseter wavelength was shifted to be a low gaimereof
around 1050 nm; however, for efficient laser oatitin, it is suitable that the center of the gaid #he lasing is
almost same. The shortest pulse width at the gaitec was achieved previously to be around 300rf&ifindreds
mW output power regions and around 1 ps for oves W output power regions.

In this paper, efficient spectral broadening bylim@ar medium and the ultrashort-pulse generati@rapming
the limit of the fluorescence spectrum are achievia@und and below 100 fs pulse width at the gaémter
wavelength of 1030 nm were obtained directly froraderlocked Yb:YAG lasers pumped by a low-brightness
broad-area laser-diode with SESAM and without SESAMYb:YAG microchip gain module was used for the
short pulse mode-locked laser. Highly efficient C&¥er operation was demonstrated by using the ohiguogain
module [1]. The Yb:YAG crystal (Scientific Materi@lorp.) was used with the ion density of 20 at.%d amm x
3mm size surface perpendicular to the <100> axik tvimm thickness. The pump surface is used asrttiemirror
of the laser resonator and high-reflection coatetsvben 1030 nm to 1080 nm laser wavelength anereifigiction
coated at 940 nm pump wavelength. Another surfatieeccrystal is antireflection coated for the puama the laser
wavelength. The Yb:YAG crystal is adhered to a 1 thinkness Sapphire plate with antireflection cdata both
surfaces and mounted to a copper heat-sink foirgporhe pump beam from a single emitter, low bingiss wide
area laser diode was focused| 2B x 75um spot diameter in the laser crystal. The LD wawgle was 942 nm and
the absorption efficiency of the gain module wa%:80

A nonlinear medium was used in the mode-lockedr laseillator to generate a broad emission spectraunsed
by SPM. The laser beam in the cavity was strongtyi$ed into the nonlinear medium. The pulse duratior72 fs
was obtained from Kerr-lens mode-locked laser withBESAM and the autocorrelation trace is shownlfa).



The center wavelength was 1030 nm and the spegamadlwidth was 17 nm [Fig.1(b)]. This broadening was
considered to be caused in the strong self-phaskilatn effect in the nonlinear material. The pulspetition rate
was 62 MHz. The average output power was 78 m\Wherpump power of 2.5 W. In our knowledge, the puls
duration is shortest for mode-locked Yb:YAG lasércanter wavelength of 1030 nm. Kerr-lens mode-éock
Yb:YAG laser was realized by using a nonlinear magdin the laser cavity.

A pulse duration of 110 fs was achieved from thedeatmcked Yb:YAG laser with SESAM and the
autocorrelation trace is shown in Fig. 1 (a). Tdeel center wavelength and the spectral width W@8® nm and 12
nm, respectively [Fig. 2(b)]. The average outputvppwas 220 mW at a pump power of 1.6 W. The optiza
optical conversion efficiency is 14% for the inail@ump power. In spite of a large insertion IoESBSAM and a
low mode-matching efficiency between laser beam andelliptical multimode pump-beam from the low-
brightness-laser-diode, is estimated to be arounty 20%, the value of the optical-to-optical corsien efficiency
is high.

In conclusion, we have demonstrated femtoseconslepgénerations from a directly diode pumped Yb:YAG
laser overcoming the gain spectral limit by usingoalinear medium in the laser cavity with and with SESAM.
The shortest pulse duration of 72 fs was obtaimethfa Kerr-lens mode-locked Yb:YAG laser with arermage
power of 78 mW at 1030 nm center wavelength. Thartekt pulse duration of 110 fs was also generatad
mode-locked Yb:YAG lasers with SESAM with a optitedoptical conversation efficiency of 14%. We bek that
short pulse nearly 50 fs and high average power d\W will be obtained in mode-locked Yb:YAG ladey the
nonlinear medium and high power pumping.
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Fig.1(a). Autocorrelation trace of 72 fs pulsetfoe Kerr-lens Fig.1(b). Spectrum of 72 fs pulse from the Kerrslenode-
mode-locked Yb:YAG laser. The experimental datecles) locked Yb:YAG laser.

and sechitting curve (solid curve) are shown.
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Fig. 2(a) Autocorrelation trace of the moldeked Yb:YAC
laser with SESAM. The experimental data (circles) aech-
fitting curve (solid curve) are shm. The pulse width wi
estimated to be 110 fs.
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Fig. 2(b) Spectrum of the modecked Yb:YAG laser wit
SESAM. The spectral width was 12 nm in FWHI



