High power in-band pumped Er:YAG laser at 1617 nm
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Laser sources operating in the eyesafe waveleegime around 1.5-16m have applications in a number of areas
including, remote sensing, ranging and free-spam@munications. For many of these applicationsyéa@irement for
high output power is often supplemented by the rieetligh efficiency and good beam quality. Thosnbination of
operating characteristics is very difficult to smbe in conventional diode-pumped solid-state labased on erbium
doped crystals (sensitised with Yb) owing to thiatreely high fractional heat loading which resuftem the large
guantum defect (~ 40%) and energy-transfer-upcaier To alleviate this problem, attention haengly turned to
singly-doped crystals (e.g. Er:YAG) and in-band pimg using an Er,Yb fibre laser. This approach thesadvantage
that most of the waste heat is generated in the,fibhich is largely immune to thermal effects, ajuntum defect
heating in the Er-doped crystal is very small (~7%Jsing this hybrid laser scheme, we have dematestr~60 W of
continuous-wave output from an Er:YAG laser at 1645with a slope efficiency of 80 % However, for some remote
sensing applications this operating wavelengthligla inconvenient, since there are atmosphep&naption lines due
to methane which are in very close proximity neitatisg careful selection and control of the lasiwgvelength.
Er:YAG also has a transition from the same uppeellenanifold {l,5,) at 1617 nm, which lies in a region of the
spectrum where there are no atmospheric absorign However, this transition has a much morenpumced three-
level character and hence a much higher threshetthpower, so it has received little attention pitesof its obvious
advantages for certain applications. Here, wertgpeliminary results for power scaling of an EA® laser at 1617
nm in-band pumped by a high-power cladding-pumpgdiHibre laser.

The Er,Yb fibre pump laser was constructed in-howgh wavelength selection provided by an extercelity
containing a diffraction grating in the Littrow daguration. The Er,Yb fibre laser was pumped by t9+bar pump
modules at 975 nm and produced up to 120 W of ouipa beam with N~ 5. For efficient pumping of Er:YAG, the
Er,YDb fibre laser operating wavelength was tunethéosabsorption peak at 1532 nm. In this prelimyirstudy, a simple
four-mirror folded cavity was employed for the EA® laser comprising a 29 mm long Er:YAG rod witls @t.% Ef*
concentration mounted in a water-cooled aluminiwattsink, a plane pump in-coupling mirror with higlflectivity at
1617 nm and high transmission at 1532 nm, two canaairrors of 100 mm radius of curvature and higthectivity at
1617nm, a plane output coupler of transmission, 3%617 nm, and a 100 um thick fused silica etal®he latter
was used to select the 1617 nm line and suppresitatisn on the higher gain 1645 nm line. Figureshows the
Er:YAG output power at 1617 nm as a function of pupower. The Er:YAG laser yielded a maximum oufpover
of 23 W for 68 W of pump power from the Er,Yb fibl@ser. The threshold pump power was 1.9 W andslibyee
efficiency with respect to incident pump power v&8%. To the best of our knowledge, this resulresents the
highest output power so far demonstrated from aiy/A&p laser at 1617 nm. Nevertheless, the perfocrais
somewhat poorer than has been achieved at 164&mthin Fig. 1 it can clearly be seen that the pasveolling over at
pump powers over 60 W. This is probably due teeased re-absorption loss at higher pump powetalar increase
in temperature. The use of an improved heat sipgimangement for the laser rod and a lowef Eoncentration
should alleviate this problem and open up the maspf performance comparable to that at 1645 nm.
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Fig.1: Er:-YAG output power at 1617 nm versus pyrop/er.
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