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Passively Mode L ocked Diode- End-Pumped Yb YAB Laser with High
Reflectivity Type Semiconductor Saturable Absorption Mirror
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Abstract : A nove high reflectivity type of semiconductor saturable absorption mirror grown by metal organic chemical va
por depostion ispresented. Usng the mirror as well as an end mirror pasively mode locked Yb YAB laser is redized,
which produces a pulse as short as 3. 05ps at 1. 0441 m. The pulse frequency is 375M Hz ;the output power is 45mW.
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1 Introduction

Snce 1990s there has been increasng interest in
the development of picosecond diode-pumped <olid
state lasers, which have numerous goplications in
medicine, materia processng, free eectron lasers,
pulse laser for distance measurement ,and 0 on. Pas
sve mode-locking techniquesfor CW lid-gate lasers
based on saturable aboorbers egecialy semiconductor
saturable absorber mirror (SESAM) seem to be far
vorable because of its typically shorter pulse durations
and the smpler stup than those of activdy mode
locked lasers. Such dructures consst of multiple
guantum wells grown by molecular beam epitaxy or
metal organic chemical vapor depostion. Mode locking
with such a device isperformed by a nonlinear bleach
ing process of interband absrption. The absrbers can
a2 be used to initiate Kerr-lens mode locking and to
stabilize the mode-locking operation. Mode locking
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with SESAMs? "l is based on a resonant saturation
of interband absorption ,and consequently the bandgap
of the materia has to be adjusted to the emisson
wavelength of laser.

However ,mass production for passve modelock-
ing picosecond laser with SESAMs faces with many
difficulties, which is due to the short lifetime of
SESAMs. The aboorber of SESAMs is grown at low
temperature, which leads to much nonsaturable loss
that shortens the lifetime of SESAMSs. In this article,
we grow high reflectivity film upon the SESAMs to
decrease the intendty of laser into the device. By this
way ,we prolong the lifetime of SESAMsfrom severa
days to severa months.

Now ,SESAMs are used widely to produce in
frared ultrashort laser pulse. However , being limited
to the characteristics of SESAMs,blue and green ul-
trashort laser pulses are hard to produce directly from
passve moddocking lasers with SESAMs. Recently ,
Shangdong Univerdty in China invents a nove crys

Wang Yonggang made ,was bornin 1973. He worksin absorbers (semiconductor saturable absorption mirrorsand GaAs) for the modelocking and
Q- switching of lidgate lasers. Email :wygxjwchina @vip. Sna. com

Received 7 June 2004 ,revised manuscript received 3 September 2004

c 2005 Chinese Ingtitute of Hectronics



2 Wang Yonggang et al. :

Passvely Mode Locked Diode End- Pumped Yb YAB Laser with 251

ta ,Yb YAB. Inour experiment ,we obtain ultrashort
pulse at wavelength of 1044nm.

2 Theory and manufacture of highre
flectivity type SESAM

One key to SESAM isits aboorption layer ,which
acts as an absorber that adsorbs gecia waveength
light ,at the same time provides a fast saturable ab-
rption recovery time owing to the fast trapping of
the electronsin the Asg, generated ater the growth at
low temperature. The two mechanisms make SESAM
a nonlinear absorber againg the intendty of light ©
that it can suppress the sde lobes of a pulse and enr
hance the center of the pulse. For a fast recovery
time, the aborption layer is usudly grown at low
temperature by MBE or MOCVD. At higher growth
INnGaAs on
GaAs can cause surface striations that scatter the inci-
dent light. InGaAs GaAs M QW bandgap is not a very
critical parameter ,which is adjusted approximately to

temperature, large lattice mismatch of

the lagng wavelength. As antistesor Asg, will gener-
ate when Asfluence is excessve relative to Gafluence
ater the low temperature (L T) growth of InGaAs by
MBE or MOCVD.

However , growth rate of MBE is much lower
than that of MOCVD , therdfore MOCVD is more
suitable for massproduction in industry than MBEiis.
We made SESAM by low temperature MOCVD. we
tried to grow Ing 25 Gag.7sAS at substrate temperature
of 400,500 ,and 550
the substrate plays little role dnce the reflectivity of
SESAM with DBRis as high as 99 %. The number of
guantum well absrption layer ranges from 1 to 3.

,regoectively. The n* dope of

The thickness of every quantum well is from 12 to
15nm resectively. We found that the SESAM grown
at 400 or the ones with three quantum wells are
eager to be destroyed than others. While the SESAM
with dngle quantum well grown at 500 performs
the best characteristics in the latter gpplications. Fig-
ure 1 shows the gructure of the SESAM. In this
structure,DBR is 22 pairs of GaAd AlAs dternative

layers. The absorber layer is 10nm Ing 25 Gag. 75 AS

grown at 500 . Figure 2 shows the reflectivity as a
function of wavelength of the saturable absorber (the
vertical coordinate does not indicate ablute value) .
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When the thickness of Ing 25 Gag 75 AS is above
the critica one,the large lattice mismatch of Iny 25
Gay. 7sAson GaAs can cause degradations such as sur-
face driations,which can lead to much nonsaturable
loss. Therefore ,we choose Ing 25 Gag 7sAY GaAs quan-
tum well (QW) dructure other than bulk Ing s
Gay. 75AS. The bandgap of InGaAY GaAs QW isnot a
very critical parameter , which is adjusted gpproxi-
mately to the lasng wavelength. Figure 1 shows the
structure of growth recipe.

In order to lesen nonsaturable loss in the
SESAM ,we make SESAM ooated with high-reflec
tion film which is composed of Al,O3/ S/ 90,/ S
multiple layers structure in order to obtain as high as
90 % reflectivity. To choose Al,Osisin order to form
good contact between semiconductors and didectric
materias. We incorporate H in the S layer in order to
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lessen the absorption of infrared light for S materid.

3 Passive mode locking of diode-end-
pumped Yb YAB lassr with high
reflectivity type SESAM

In our experiment (as shown in Fig. 3) ,we
choose flat-concave cavity for smplicity. Pump source
is F15940-1 from Apollo company whose center
wavelength is 940nm with the output power as great
as 15W. The Yb YAB crysal is 3mm x 3mm x 3mm
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Fg. 3 Experiment scheme of passve mode locking

diode-end-pumped Yb YAB laser

cube with 10at % dose ,both sdesof which are coated
with 940 1070nm anti-reflection film. L is a focus
ing lens whose curvature radiusis 50cm. M1 isan end
mirror as well as an input mirror. The curvature ra
dius of M2 and M3 are 100mm and 30mm corre-
gondingly. The latter focuses laser upon the SESAM
2 that the optica intensty on the surface of absorber
islarge enough to reach modeocking threshold. The
cavity length is about 40cm. We obtained continuous
wave mode locking at the repetition rate of 375M Hz
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Fig.4 Continuous wave passve mode locking trace

(Fig. 4) . In order to measure the pulse duration, we
insert aflat glass of 2mmrthick between M2 and M3
to lead the laser out. The pulse duration is measured
to be 3. 05ps by the method of autocorrelation (Fig.
5) ,which is the best result in picosecond level mode-
locking in China till now.
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Fig.5 Autocorreation trace of the resulting pulses

4 Conclusion

A novel high reflection SESAM as an end mirror
is reported ,with which we obtain CW mode locking
in a diodeendpumped Yb YAB lasr. The pulse
width is about 3ps. The repetition rate is 375M Hz.
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