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Output energy of Cr:Mg2SiO4 laser as a function of in
put energy for (a) 1064 nm pumping, and (b) 532 nm 
pumping. 

The room-temperature absorption spectrum of the crys
tal is characterized by three bands.1 For excitation with 
light polarized along the b-axis of the crystal, these bands 
span the 360-520 nm, 600-800 nm, and 850-1200 nm 
range. The 600 to 800 nm band changes dramatically with 
the polarization of the incident light, while the other two 
bands exhibit little significant change. The room-tempera
ture fluorescence spectrum extends from 600-1400 nm. 

At liquid nitrogen temperature, the fluorescence spec
trum breaks up into three components and exhibits sharp 
line structures. The behavior of the fluorescence spectrum 
gives an indication that more than one center may be in
volved in the absorption and emission of radiation in this 
crystal. This is further substantiated by the wavelength-
dependent fluorescence life-time of the crystal. The room-
temperature fluorescence lifetime for emission around 701 
nm is 75 µsec while for emission in the lasing region it is 
15 µsec. 

Since the absorption spectrum of the crystal overlaps 
with a significant portion of the emission spectrum, laser 
action was obtained only in the infrared end, where the 
absorption losses are minimum. The sample was placed at 
the center of a stable resonator formed by two 30 cm radi
us mirrrors. The mirrors were dielectric coated to transmit 
the 532 nm and 1060 nm pump beams, and to have high 
reflectivity in the 1150-1250 nm spectral range. Details of 
the cavity configuration have been presented elsewhere.1,3 

The sample was longitudinally pumped both by the 
1064 nm fundamental, and the 532 nm second-harmonic 
radiation from a Q-switched Nd:YAG laser. Pulsed laser 
action was readily obtained for both the 1064 nm and the 
532 nm pumping at or above the respective thresholds. 
The laser thresholds and slope efficiencies for the two exci

tation wave-lengths, 1064 nm and 532 nm, are shown in 
the figure. The table summarizes and compares the char
acteristics of laser emission for the two excitation wave
lengths. 

To date, continuous tuning of the Cr:forsterite laser has 
been obtained over the 1167-1270 nm spectral range. A 
single-plate birefringent filter is used as a dispersive ele
ment in the laser cavity. Continuous wave laser operation 
was achieved using a chopped cw Nd:YAG radiation. 

The forsterite crystals were provided by K. Yamagishi of 
Mitsui Mining and Smelting Co. of Japan. The research is 
supported by Army Research Office, National Aeronau
tics and Space Administration, Hamamatsu Photonics 
KK, and City College of New York Organized Research. 
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ROOM-TEMPERATURE OPERATION 
OF THE CO: MGF 2 LASER 

D. WELFORD AND P.F. MOULTON 
SCHWARTZ ELECTRO-OPTICS INC. 

CONCORD, MASS. 

The Co:MgF2 laser is a continuously tunable source 
for the mid-IR covering, to date, the wavelength re

gion from 1500 to 2300 nm at cryogenic temperature and 
1750 to 2500 nm at room temperature. Laser operation 
was first demonstrated by Johnson et al. 1 using flashlamp 
excitation. Later work by Moulton resulted in the devel
opment of both cw 2 and pulsed Q-switched3 operation 
using laser excitation. However, until recently, liquid-ni
trogen2,3 or thermoelectric4 cooling were required for effi
cient operation. This year, we reported the first room-tem
perature, pulsed, normal-mode operation of the Co:MgF2 
using laser excitation.5 At a 10-Hz pulse-repetition-rate 
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(prr), continuous tuning f rom 1750 to 2500 n m wi th pulse 
energies up to 70 mJ and 4 6 % slope efficiency were ob
tained. 

The C o : M g F 2 laser is a v ibronical ly broadened system 
that operates on the 4T2 to 4T1 transit ion of the C o 2 + ion 
wi th an emission cross-section of 1 0 - 2 1 c m - 2 . C o : M g F 2 i s 
optically stable and may be g rown in laser-quality boules 
in sizes to 1.5 inches diameter by 3 inches long. A typical 
C o : M g F 2 laser consists of a pair of 50-cm-radius mirrors, 
a Brewster-angle C o : M g F 2 crystal, and an opt ional single-
plate birefringent tuning element. 

The C o : M g F 2 laser crystal is longitudinal ly pumped 
through the high-reflectivity cavity mirror , w i th the output 
f rom a pulsed normal-mode 1.3 µm N d : Y A G laser. A sin
gle element lens is used to match the pumped crystal vo l 
ume to the T E M o o mode-volume of the C o : M g F 2 cavity. 
Thus, the C o : M g F 2 laser operates i n the T E M o o spatial 
mode, even though the pump beam may be mul t imode, 
because only the T E M o o mode-volume of the C o : M g F 2 

crystal is excited. 

A t r oom temperature (299 K ) , the C o : M g F 2 upper-state 
lifetime is 36.5µs, considerably shorter than the values of 
1.65 msec w i th a l iquid-nitrogen-cooled crystal and 210 
µsec wi th two-stage thermoelectric cool ing to 225 K. This 
reduction is almost entirely due to thermally induced non-
radiative decay, and prevents cw operation of the laser at 
al l but cyrogenic temperatures. Pulsed operat ion w i th a 
low and temperature-insensitive pump-energy threshold 
was expected only for pump-pulse durations shorter than 
the upper-state lifetime. However , in an experiment w i th a 
thermoelectrically cooled C o : M g F 2 laser, the anticipated 
threshold increase at r o o m temperature was not observed. 

299 K tuning curves (using three mirror sets with nomi
nal 2% output coupling) for normal-mode operation of 
Co:MgF2 at an absorbed pump-pulse energy of 211 mJ. 

In further measurements, we observed that both the room-
temperature threshold and slope efficiency were insensitive 
to the pump-pulse durat ion. 

The C o : M g F 2 - l a s e r I/O insensitivity to pump-pulse du
ration is a result of the part icular shape of the pump pulse, 
wh ich has a fast risetime (less than 1µs) compared to the 
upper-state lifetime of the C o : M g F 2 . The init ial inversion 
in the C o : M g F 2 gain med ium is not significantly depleted 
by upper-state decay loss, but as the C o : M g F 2 laser turns 
on by gain-switching. A rate-equation model of C o : M g F 2 -
laser dynamics, and the theoretical predictions of thresh
o ld versus pump pulsewidth were in excellent agreement 
w i th the experimental data. In part icular, the observed 
small (2X) difference in threshold between 25 and 160 
µsec. pump pulses was conf irmed by the model . 

In contrast, models w i th a smooth, Gaussian-profi le 
pulse show more than an order-of-magnitude increase in 
pump-energy threshold over the pulsewidth range f rom 25 
to 160 µsec. Some reduction in slope efficiency is evident 
for the longer pump pulses as upper-state decay losses 
start to have a significant effect in the latter (quasi-cw) 
por t ion of the laser pulse. The use of fast risetime pump 
pulses to turn o n lasers v ia gain switching may be appl ica
ble to other cryogenic laser materials in order that they 
may operate at higher temperatures. 

Tuning was accomplished w i th the addi t ion of 1.3 m m -
thick, Brewster-angled, quartz birefringent plate w i th the 
c-axis oriented 57° to the surface normal . This configura
tion provided continuous tuning w i th greater than 20 mJ 
energy f rom 1750 to 2500 n m wi th three sets of mirrors 
(see figure) for 211 mJ of absorbed pump energy. The ad
di t ion of the tuning element produced negligible loss in 
output energy at the untuned lasing wavelength of 2100 
n m and reduced the F W H M bandwidth to 3.5 nm. The 
tuning curve falls off at 1750 n m as a result of ground-
state absorpt ion and at 2500 n m as a result of both in
creased mi r ror loss and reduced gain cross-section. 

We have observed beam prof i les consistent w i t h a 
T E M o o spatial-mode having a ful l -width beam-divergence 
of 4.3 mrad that remained unchanged for average deposit
ed pump-powers f rom 200 m W to 4 W. Th is insensitivity 
of beam divergence to average pump-power indicates neg
ligible thermal lensing in C o : M g F 2 . Thermal lensing is 
usually present in most sol id state media and may lead to 
degradation in laser performance, hence, the lack of lens
ing in C o : M g F 2 is of significant benefit. 

Room-temperature operat ion of the C o : M g F 2 laser is of 
significance for appl icat ions, typical ly outside of a labora
tory environment, where the need for cryogenic cool ing 
can present major problems. These applications include: 

1) local and remote sensing of gases such as H 2 O , C O 2 , 
C O , C H 4 , N 2 O , H F , H I , and N O 2 ; 
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2) medical laser systems based on the ability to control 
tissue penetration depth via wavelength tunability; 

3) testing of low-loss fluoride-fibers at 2550 nm may 
be achieved by optimization of the cavity mirrors to ex
tend the laser tuning range. 
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TRAVELING-WAVE GEOMETRY FOR 
SHORT WAVELENGTH LASERS 

STEVE HARRIS AND J.F. YOUNG 
DEPARTMENT OF ELECTRICAL ENGINEERING 

AND APPLIED PHYSICS 
STANFORD UNIVERSITY 

STANFORD, CALIF. 

S tanford researchers have demonstrated a new pump
ing geometry that promises to be a significant step in 

the development of practical photoionization-pumped 
short-wavelength lasers. Using this method, they have ob
served single-pass, fully saturated gain near 100 nm in 
both Xe and Cs . 1 , 2 

Work in recent years has shown that laser-produced 
plasmas are a useful source of incoherent soft x-rays for 
pumping potential extreme ultraviolet (XUV) laser sys
tems. Most of these experiments have used a simple line 
focus that results in simultaneous excitation along a path 
length of several cm. Studies of the Xe auger system, how
ever, show that competing processes limit the practical 
gains to about 4 c m - 1 ; higher excitation levels do not pro
duce higher gain coefficients. Theoretically, it seems likely 
that similar limits will occur in other atomic systems, so 
that large total gains, and thus true laser action, can only 
be achieved using long excitation lengths. 

The upper-level lifetime of many XUV transitions, how
ever, is short compared to the time required for light to 
travel over a long excitation region, reducing the effective
ness of the pumping. The Stanford workers solved this 
problem by using a traveling-wave laser-produced plasma 

Traveling-wave laser-produced-plasma soft x-ray source. 

excitation. The primary 1064 nm laser is incident upon a 
cylindrical lens at about 70° from normal and is focused 
onto a metal target that is parallel to the lens (see figure). 
The large angle of incidence expands the length of the line 
focus by nearly a factor of 3, to 9 cm and 17 cm in the Xe 
and Cs experiments, respectively. More importantly, the 
pump laser sweeps across the target at nearly the speed of 
light, and the emitted soft x-rays thus provide synchro
nous traveling-wave excitation of the ambient gaseous me
dium. 

Grooves were cut into the target surface to decrease the 
local angle of incidence of the pump beam, reducing re
flection. In addition, the grooves divide the input beam to 
form many small, separated plasmas rather than one con
tinuous line. The sum of the projected length of these plas
ma spots is approximately equal to the input beam diame
ter, meaning that no increase of laser energy is required to 
excite the much longer length. 

The new geometry was initially used to excite the Xe III 
109 nm Auger transition.1 A 3.5 J, 300 psec, 1064 nm 
pump beam, 3.3 cm in diameter, was focused to an inten
sity of 2 X 10 1 1W/cm 2 over a 9 cm length of target in an 
ambient Xe pressure of 4 Torr. Small-signal gain was de
termined by measuring the time-integrated emission as a 
function of excitation length. A simple exponential fit to 
the data yields an average gain coefficient of 4.4 c m - 1 . 
Thus, unsaturated amplification along the full 9 cm of 
length provides a total gain of exp (40), or 170 dB. In 
comparison, the first observation of gain in the Xe system 
was made at LLNL 3 using a 9 cm normal-incidence line-
focus geometry; there, a 55 J, 1 ns pump laser produced a 
total gain of exp (7.2). 

In recent work, a related grating corrected and exactly 
synchronous geometry was used to pump a 96.6 nm laser 
in Cs. The upper level of this laser is embedded in the 
continuum of the valence electron and autoionizes in 
about 60 psec. The traveling-wave geometry allows a 
pumping rate that is sufficiently rapid that the stimulated 
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