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Eyesafe pulsed microchip laser using semiconductor saturable absorber
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We passivelyQ-switched a diode-pumped Er/Yb:glass microchip laser at a 1 5685vavelength

using semiconductor saturable absorber mirrors and demonstrated pulses as short as 1.2 ns. By
varying the design parameters of the saturable absorber, the pump power, and the pump spot size,
we achieved repetition rates from 300 Hz to 100 kHz with pulse energies uputd 4© 1998
American Institute of Physic§S0003-695(98)03725-5

There is considerable interest in compact pulsed highierprise is focused into the glass through a dichroic beam-
peak power laser sources emitting at wavelengths near 1.5litter that transmits the pump light and reflects the output
um. Range finders and other applications with free-spacéeam at 1.5um. The SESAM is mounted on a copper block
propagation could strongly benefit from such a device. Thavhich acts as a heat sink. No active cooling was required.
wavelength of around 1.55um is in the eyesafe regime The parameters of the SESAMs we used in this work are
where significantly higher pulse energies can be used withlisted in Table I. All SESAMs consist of an absorber layer
out damaging the human eyes. embedded between a highly reflecting bottom Bragg mirror

A pulsed microchip laser is compact and simple to real-and a top reflector. These two mirrors form a Fabry-Perot.
ize and can provide high peak power in a diffraction-limited The thickness of the absorber is designed to be in antireso-
beam. We developed a diode-pumped, passi@ebwitched nance in order to minimize the insertion losses, and to be less
Er/Yb:glass microchip laser at 1.53&m (Fig. 1). We  sensitive to thermal shifts of the Fabry-Perot structure. This
achieved 5.6 ns pulses withi4J pulse energy at a repetition specific design of the SESAM is also referred to as an anti-
rate of 320 Hz, resulting in a peak power of 725 W. Theresonant Fabry-Perot saturable absoffeVe used an
average output power was 1.3 mW. As a passivdnGaAsP/InP SESAM to obtain a higher modulation depth
Q-switching device, we used a metal-organic chemical vapothan for an InGaAs/GaAs SESAM. The InGaAsP/InP
deposition (MOCVD) grown InGaAsP/InP semiconductor SESAM is MOCVD grown and lattice matched to an InP
saturable absorber mirr¢SESAM).-? substrate. The bottom Bragg mirror consists of 40 pairs of

In earlier work, we already demonstrated pass@e  INo.sGa 3570 78P0.27/ INP (A ga~1.4 um) quarter-wave lay-
switching of microchip lasers at1 um (Refs. 3 and #and  ers. We use absorbers of different thicknesses which consist

~1.3 um (Ref. 5 using SESAMs. Previously, cw operation Of INg 5§58 42AS0.oPo.1 (Agap ~1.55 um). The SiG/HfO, top

of Er/Yb:glass microchip lasers at1.5 um has been coatings have 50% and 70% reflectivities with respect to InP
reportec®”’ So far, to the best of our knowledge, no passivelyat the laser wavelength of 1.58m and are highly reflecting
Q-switched microchip laser at 1.am has been demon- atthe pump wavelength of 975 nm. This allows for a double
strated, even though several solid-state saturable absorbgtass of the pump and leads to an increase in the absorption
such as Co:YSGG, Er:CaF, U:SrF, and Co:ZnSe, are avaiffficiency. _

able at 1.5um & 12 These passiv®-switches have been used For Q-switching, it is desirable to have a long recovery
in Er/Yb:glass lasers with a typical resonator length of a few

centimeters, and therefore, produce pulses longer than 10 ns _ absorber 8 0

In our microchip lasers, the SESAM is directly attached to sz:gri:m’ e or g one
the gain material. The penetration depth into the SESAM is \ 8ost —»/ |——
only a few microns? Thus, the cavity length is just defined o 2

by the length of the gain material. This approach has lead to ot §

pulses as short as 1.2 ns, so far. ? 005 12 (') —

A schematic of the experimental setup is shown in Fig.
1. The 1 mm thick Er/Yb:glas&igre, QX/Er) is sandwiched
between the output coupler and the SESAM. The ytterbium ...
codoping of the glass makes possible the efficient absorption heat sink

time delay [ns]

laser output ‘
@1535nm 1 o
____________________ L

of the pump light within the short length of glass which is ) A
required for short pulse generatibhA 500 mw, 30 um SESAM | Outeutcoupler e poamspliter
stripe-width diode emitting at 975 nifuniphase Laser En- Er/Yb:glass HR @ 1535 nm

FIG. 1. Schematic of the Er/Yb:glass microchip laser. The 1.2 ns
3E|ectronic mail: rfluck@ige.phys.ethz.ch Q-switched output pulse is measured with a 25 GHz photodetector and a 40
PElectronic mail: haring@ige.phys.ethz.ch GHz sampling oscilloscope.
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TABLE I. Design parameters of the different SESAMs used in this wdrk: 1.00 AR " \ T
is the thickness of the absorber layefpsomeds the measured recovery time N P —— P B
of the absorberRy,, is the reflectivity of the top reflectoAR is the maxi- ’ '

mum modulation depth of the SESAM, amg,s.is the measured full width 0.0 | = with 70% top reflector
at half maximum pulse width out of the microchip laser using a 40 GHz o with 0% top reflector {AR-coated)
sampling scope with a 25 GHz photodetector.

Reflectivity
o
o ]
o\
T

sal,70%

SESAM No. d (nm) InP cap Tapsorver(NS) Rygp (%) AR (%) Tpuse (NS T~ E

sat,AR

1 108  No 0.139 50 5 1.2
2 324  No 0.474 070 el e
3 757 No 11 1 10 1200 1000
4 40 Yes 6.8 70 1.1 5.6 Energy Density (wJ/om )

5 310  VYes 5.0 70 3.0 2.7

FIG. 3. Measured and fitted reflectivity of the SESAMs as a function of
incident pulse energy.

time which leads to a lower saturation intensity and a bettef 1ses of 1.2 ns using the SESAWo. 1) with the largest
efficiency. Therefore, we measured the recovery times 0Enodulation depth of 5%. The pulse width was measured us-
various saturable absorbers in a standard degenerate PUMRg a 40 GHz Tektronix sampling oscilloscope and a 25 GHz

probe setup, using 150' fs p.ulses from a synchf0n0US|¥)hotodetector with a time resolution of 14 ps. The pump spot
pumped optical parametric oscillat®PO at 1.52um. The 4 ii were 45 and 2Qum. With a 1% output coupler and an

recovery times of the absorbers were between 100 ps and 1Qqent pump power of 200 mW, we obtained pulses of 1.2

ns (Fig. 2). For a SESAM with a pure bulk INGaAsP ab- 5 o 5 repetition rate of 47 kHz. We measured an average
sorber, the recovery time increased with the absorber th'd%utput power of 2.1 mW, resulting in a pulse energy of 45 nJ

ness. This indicates surface trapping and recombination ang § o peak power of 37 W In this regime, however, we often

could be ascribed to nonlocalized states at the surface of thg,caryeq damage of the SESAM. In ordér to obtain reliable

quarternary InGaAsP. With an InP cap lay20-30 nmon  neration, we used a SESAMI0. 4) with higher top mirror

top of the InGaAsP absorber layer, we achieved longer abzefiectivity (70% instead of 50% This reduced the tendency
sorber lifetimes &1 ng independent of the absorber thick- for damage by reducing the pulse fluence in the cavity and

ness. We believe this effect happens due to confinement ofen more in the absorber. We could, nevertheless, increase
the carriers below the surface. the externally measured pulse energy and peak power to 4
Figure 3 shows the reflectivity of the SESAMo. 5 as 3 414 730 W, respectively, by using larger pump spot radii
a funct!on of the incident puls_e energy density. This kind of it 135 ang 7Qum (which also increased the laser mode size
saturation measurement provides the amount of nonsa_turabé%d an output coupler with higher transmission of 5%, thus
and saturable losses. The saturable losses determine t'?ﬁproving the output coupling efficiency. However, the av-
maximum modulation depth, a key parameter for the 1asep 306 nower was then only 1.3 mw and the repetition rate
performance. Pulse width and repetition rate are inverselgsg 1, at 300 mw pump power because of the increased
proportional to the modulation de':pﬂBeca}use the pulse en- yreshold power. The pulse width was 5.6 ns, longer than
ergy density of the used OPO is not high enough to fullypetore gue to the reduced modulation depth of 1.1%. The
saturate the SESAMEFig. 3, squares we usually use the  y5nqyerse beam mode was close to an ideal Gaussian, with
absorbers with an antireflecti¢AR) coating(Fig. 3, circle$ 512 yajue of about 1.2 and 1.3 with respect to the fast and
to perform the pump-probe and saturation quel_wce MeasUrgre siow axes of the pump diode, respectively. The laser
ments. Afterwards, we scale the results according to the toButput was linearly polarized due to the anisotropy induced

reflector as described in Ref. 16. The modglation_depﬂf_is by the nonuniform pump distribution of the diode laser.
of the SESAMSs are between 1% and 5% with residual inseryowever. for pumping with the circular spot of a Ti:sapphire

tion losses of 0.5% and 3%, respectively. laser we obtained an unpolarized laser output.
As expected from theory,we obtained the shortest For a comparison of experimental data with the theoret-
ical model of Ref. 4, we used a Ti:sapphire pump laser be-
1.0 cause of its well-defined mode and spectrum. As expected
~ with InP cap layer from the theory, the pulse width, pulse energy and peak
« without InP cap layer .
No. 4 ©,,=6.6 ns, d=40 nm power remain independent of the pump power whereas the
-~ TS = repetition rate mcreases_lmearly W|th increasing pump power
i (Fig. 4). A simple analytical expression for the pulse width,
given in Ref. 4, predicts a pulse width ofe.,=1.2 ns for a
No. 2: ,,,=0.474 s, d=324 nm fully bleached absorber withR=3% (No. 5), to be com-
' pared with a measured pulse width of 2.7 ns. We explain this
......................................................... discrepancy with an effective reduction of the modulation
depth, caused by an interference effect at the air gap between

0.5

Normalized Pump Probe Signal

0.0 L ! ! the SESAM and théuncoategl gain material. Assuming the
0 50 1o 150 200 reduced modulation depth which explains the 2.7 ns pulse
Time Detay [ps] width, we estimated a pulse energy ofé), which is in
FIG. 2. Recovery time measurements of AR-coated SESAMs according th€asonable agreement with the measured,&18 given the
Table | with and without an InP cap layer. fact that the model assumes a top-hat beam profile. The mea-
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10F T ' ' S e corporating a 0.5 nm thick piece of LiNRQn the cavity,
Z 8r — A% z which introduces spectral filtering by a Fabry-Perot effect.
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