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We report on the first demonstration of a diode-pumped 

Tm:LuScO3 laser. Efficient and broadly tunable continu-

ous wave operation in the 1973 � 2141 nm region and 

femtosecond mode-locking through the use of an ion-

implanted InGaAsSb quantum-well-based SESAM are 

realized. When mode-locked, near transform limited 

pulses as short as 170 fs were generated at 2093 nm with 

an average output power of 113 mW and a pulse repeti-

tion frequency of 115.2 MHz. Tunable picosecond pulse 

generation was demonstrated in the 2074 � 2104 nm 

spectral range.  

OCIS codes: (140.7090) Ultrafast lasers; (140.4050) Mode-locked lasers; 

(140.5680) Rare earth and transition metal solid-state lasers (140.3070) 

Infrared and far-infrared lasers.  

http://dx.doi.org/xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

The development of efficientǡ lowǦcost and robust ultrashort pulse lasers in the  ̱  ʹ Ȃ Ǥʹͳ ρm spectral region is required for many application areas in the midǦinfrared ȋmidǦ)RȌ photonics sector ȏͳȐǤ )n particularǡ such high peak power lasers can be used to efficiently access the deeper midǦ)R region through optical paraǦmetric frequency conversion techniquesǡ utilizing nonlinear crysǦtals such as ZGP ȏʹȐ and OPǦGaAs ȏ͵Ȑǡ or supercontinuum generǦation in highly nonlinear fibers ȏͶȐǤ Such midǦ)R frequency comb systems ȏͷȐ are of particular interest for  high precision spectrosǦcopy  ȏ͸Ȑǡ environmental monitoring ȏ͹Ȑǡ and medical diagnosǦtics ȏͺȐǤ Compact and efficient ultrafast  ʹ ρm lasers can also be used as seed sources for developing high energy amplifier systems operating in the  ̱  ʹ Ȃ ͹ ρm region ȏͻȐ which will benefit many applications from the areas of pulsed laser deposition ȏͳͲȐ and strongǦfield physics  ȏͳͳȐǡ as well as the development of tabletop XǦray coherent sources ȏͳʹȐ and minimally invasive surgery ȏͳ͵ȐǤ 

Tm͵ΪǦdoped and Tm͵Ϊǡ (o͵ΪǦcodoped gain media are excellent candidates for the development of highǦpowerǡ broadly tunable and compact lasers in the ͳǤͻ Ȃ Ǥʹͳ ρm region due to their ability to be diodeǦpumped at around ͺͲͲ nm while the presence of efficient cross relaxation energy transfer processes increase laser quantum efficiencyǤ Tm͵ΪǦdoped cubic sesquioxides REʹO  ͵ ȋREαLuǡ Scǡ Yǡ or any  LuaScbYc compositionǡ where a Ϊ b Ϊ c α ͳȌ occupy a prominent position amongst other Tm͵ΪǦdoped gain mediaǤ They possess advantageous thermoǦmechanical properties and spectroscopic features that make them ideal for high power lasers development in the  ʹ Ȃ Ǥʹͳ ρm region ȏͳͶȐǤ )n contrast to most Tm͵ΪǦdoped crystalline and amorphous gain mediaǡ their  broadband emission spectra extend well beyond  ʹρm allowing efficient femtosecond pulse operation close to Ǥʹͳ ρmǤ Previouslyǡ Tm͵ΪǦdoped LuʹO  ͵in the form of crystals and ceramics have generated subǦʹͲͲ fs pulses near ʹͲ͹Ͳ nm through the use of a singleǦwalled carbon nanotube saturable absorber ȏͳͷȐ and an )nGaAsSb quantumǦwellǦbased semiconductor saturable absorber mirror ȋSESAMȌ ȏͳ͸ȐǤ Pulses as short as ʹͳ  ͅfs and ͳ͸͸ fs at around ʹͳͲͲ nm were produced with TmǣScʹO  ͵ crystals employing SESAM or KerrǦlens modeǦlocking techniquesǡ respectively ȏͳ͹ǡͳͺȐǤ Further reduction of pulse duraǦtion was realized using Tm͵ΪǦdoped mixed sesquioxide host LuScO  ͵ which combines the optical properties of TmǣLuʹO  ͵ and TmǣScʹO  ͵resulting in a broadǡ smooth and relatively flat gain specǦtrum extending from ͳǤͻͷ ρm to Ǥʹͳͷ ρm ȏͳͻȐǤ While the lower thermal conductivity of LuScO  ͵ȋ Ǥ͵ͻ WȀȋmήKȌ ȏͳͻȐȌǡ compared to other sesquioxidesǡ could limit its use for high power operationǡ the benefits the host brings in terms of its spectroscopic properties for ultrashort pulse generation are indispensableǤ )ndeedǡ a modeǦlocked ȋMLȌ TmǣLuScO  ͵crystalline laser ȏʹͲȐ has demonstrated a ͳͲͷ fs pulse duration andǡ more recentlyǡ pulses as short as ͸  ͵fs were generated with an output power of ͵Ͷ mW from a TmǣLuScO  ͵mixed ceramic laser ȏʹͳȐǤ (oweverǡ it should be highǦlighted that all the above achievements were realized using high 
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