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Ti-doped sapphire: 
tunable solid-state laser 

Wavelength-tunable lasers have be
come an important scientific tool in areas 
of research such as spectroscopy and 
photochemistry. The most widely em
ployed tunable devices to date have been 
systems using, as the laser-active media, a 
variety of dyes in organic solvents. In the 
last decade research on new tunable lasers 
has included work on solid state media 
containing transition-metal ions such as 
Cr3+ and Co2+.1,2 (One such laser, using 
alexandrite, Cr3 + in BeAl2O4, is now 
available commercially.3) Solid state 
lasers offer a variety of advantages over 
dye lasers including operation at wave
lengths not possible with dyes, higher ef
ficiency, higher output powers and the 
absence of degradation under operating 
conditions or in storage. 

Recently, laser operation from the 
transition-metal ion Ti 3 + in sapphire 
(Al2O3) was observed at MIT Lincoln 
Laboratory. This represents the first use 
of Ti 3 + as a laser-active ion and only the 
second example of sapphire as a host 
crystal, the first being in combination 
with the Cr3 + ion in the ruby laser. The 
optical absorption and fluorescence re
sulting from transitions between the ap
propriate energy levels of Ti 3 + l2O3 are 
shown in the accompanying figure. The 
broad, widely separated absorption and 
fluorescence bands are caused by the 
strong coupling between the ion and host 
lattice, and are the key to broadly tunable 
laser operation. In preliminary experi
ments, pulsed tunable radiation radiation 
in the near infrared from 718 to 770 nm 
was obtained by optical pumping into the 
Ti:Al2O3 absorption band and peak out
put powers of 5 2 kW (in a 500-ns-long 
pulse; were generated. 

The Ti:Al2O3 laser is of interest for 
several reasons. First, in the Ti 3 + ion 
there are no energy levels above the upper 
laser level that can cause excited state ab
sorption. The latter phenomenon, which 
often affects the operation of transition-

metal-doped (and other) lasers,2,4 results 
in the laser medium absorbing the laser 
radiation it generates; this lowers laser ef
ficiency and reduces the potential tuning 
range. With excited state absorption ab
sent, it is expected that the Ti:Al2O3 laser 
should operate over the entire fluores
cence region shown, which spans 650 to 
900 nm. Second, the Ti:Al2O3 laser has a 
much higher gain cross section than other 
transition-metal systems, which should 
allow generation of higher peak powers 
and shorter pulses in the Q-switched 
mode. Finally, the host crystal has high 
thermal conductivity, mechanical strength 
and has been grown in sizes up to 32 cm in 
diameter,5 which allows scaling up the 
size of the Ti:Al2O3 laser to generate very 
high average power outputs. 

In a more general sense, the Ti:Al2O3 

laser may be the first of a series of broad
ly tunable solid state lasers based on the 
Ti 3 + ion. Since the energy levels of the ion 
depend strongly on the particular host 
crystal, host crystals other than Al2O3 

will likely exhibit different tuning ranges. 
Thus the potential operating wavelength 
range of Ti3 + -doped systems is 
substantial.—Peter Moulton, Lincoln 
Laboratory, Massachusetts Institute of 
Technology 
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Gas-in-glass: new way 
to generate light 

One of the interesting phenomena 
resulting from the interaction of intense 

Schematic diagram above illustrates operation of infrared Doppler lidar developed at the Envi
ronmental Research Laboratories of the Commerce Department's National Oceanic and At
mospheric Administration at Boulder, Col. This equipment measures winds in the clear atmo
sphere to slant ranges of 20 kilometers. It was used to provide real-time wind information for 
the second Space Shuttle landing Nov. 14, 1981, at Edwards Air Force Base, Calif. This is a 
breadboard design of a lidar that may someday measure the global winds from a NOAA polar-
orbiting satellite. Shown below are members of the development team (from left) Freeman F. 
Hall, Larry A . Vohs, Robert M. Hardesty, Ingar Singstad, Jeff Keeler and Derrick Jensen. In 
the foreground Darien L. Davis operates the computer that controls the lidar. 
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