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CThM63  Fig.2. Observed signalasa function
of temperature for pure water. ‘I'he anxiliary axis
at the top shows the corresponding Brillouin shift
and sound speed.

technique>* o provide single-longitudinal-
mode operation (rom pulse (o pulse. The laser
pulse from the Nd:YAG laser is trausmitted
into the water sample to generate Brillouin
scattering, then the Lidar return is collected,
collimated and then passed through an ab-
sorption cell containing 71, The laser {re-
quency is luned so that its second harmonic at
532 mm lies on a strong absorption line of
1271,; conscquently, this fivst absorption cell
absorbs all of the clastically scatiered light
(zevo lrequency shifl). The transmitted light
from the "I, cell, consisting of the Brillouin
shifted components, is divided by a 50- 50
beamsplitter into two equal parts, one of which
is detected and provides the normalization sig-
nal S;. The second hall passes through an ab-
sotption cell containing 21, and is detected to
give the signal 5,. The edges of molecular ab-
sorption lines of 71, provide the high spectral
resolution that is needed for an accurate deter-
mination of the Brillouin shifls. Specifically, as
the Brillouin frequency shift(v,,) increases (de-
creases) the transmission of the "1, cell de-
creases (increases) and hence S,/8, decreases
(increases). Simple novmalization provides a
signal § that depends onty on the Brillouin shifl
and is independent of vaciations in the ampli-
tade of the Lidar return, Specifically, we mea-
sured the signal § = S,/8, as a function of
temperature of the water sample, because tem-
perature, sound speed (v,), and Brillouin shifl
{vy) ave uniquely related in pure water.* Vigure
2 shows the first laboratory data by single shot
from tests implementing the concept shown
schematically in Fig. |, with an additional axis
atthe top showing the corresponding Brillouin
shilt and derived sonnd speed. By evaluating
the ervors at each point, the sound speed was
determined to an accuracy of ~75 cm/s. Lor
this data, we used a samiple of pure water
(0.0%,, salinity} that is ~ 50 cin deep. ‘there are
two important factors limiting the accuracy of
our obtained datq, First, our temperatute mea-
surements were Ill‘ddQ usillg a I1Urlﬂil‘ lhﬂl'*
mometer with an accuracy of 0.2°C; a new
thermometer with an accuracy of 120.02°C has
recently been obtained for future work, An-
other factor limiting the accuracy is inherent in
any detection system using normalization
based on two different detectors. Fach detector
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has a different response, which leads to a inca-
surenmenfof S = 5,/8, thatisalso dependenton
the different responses. We ave solving this
problem by itnplementing a two-shot averag-
ing scheme. We are also developing a tech-
nigue to stabilize the laser (requency maore pre-
cisely. With these improvements, we expect 4
sound speed aceuracy of 25 em/s by our edge
icchnigue for the actual ocean measurements.
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Selective and sensitive mid-1R multi-speeies
gas detection is an atlractive tool for many real
world applications. Narrow-linewidth mid-1R
absorption gas sensors based on difference-
[requency mixed near-IR solid-state and diode
lasers have been shown to be an effective tool
for molecular species detection. # i real-
world applications such gas sensors can be ex-
posed to considerable temperature fluctua-
tions and vibrations. Depending on the
application, such sensors may have 1o cope
with large dynamic changes of the gas concen:
tration and with other potentially interfering
gases.

In this work we report an aulomalted, com-
pact sized, portable gas sensor that uses widely
tunable mid-1R difference-frequency laser
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generated light applied to multispecics gas de-

tection using direct extractive absorption spec-

troscopy. Vig.la shows the optical schematic
and Fig. 1b the clectronic diagram of the auto-

maled sensor controlled by a notebook PC. A

unique feature of this DFG-based mid-1R

source is the electronically controlled continu-

ous phase-matching of the pump lasers (814

nm-870 nm pump; 1083-nm signal). This is

achieved using a uoncritically quasi-phasc-
matched periodically poled lithium niobate
ceystal (I, == 2 con) with a fan-out Lype grating

(A =:2241023.3 pm).

Other key sensor features include [ast re-
sponse (10 sec), high sensitivity (—~2 X
107", selectivity (linewidth ~-60 MHz), reli-
able  autonomous long-term operation
(wecks) and alignment using fiber-coupled di-
ode laser pump sources, 4 large dynamic range
(ppbv-ppmv) and wide continuous stepper
motor driven spectral tuning from 3.3 to 4.4
pm. This allows us to access many molecular
absorption lines and to select ditferent indi-
vidual absorption lines that are mostappropri-
ate depending on a sclected target gas and
composition. Calibrated rveference gas cells of
5-cm length can be rotated automatically into
the absorption beam path and provide fre-
quency/wavelength calibration. Tn this man-
ner any frequency drift can be compensated by
tuning of the external cavity diode laser by a
slepper motor with a measured precision of
0.02 cm”™ . The entire sensor is operated by
LabVILEW software with expert feedback algo-
rithms, which are able to provide real time
oplimixation of the spectral tuning and quasi-
phase-matching conditions to the environ-
ment. The automated DFG-based sensor has
been successtully tested in both laboratory and
nonlaboratory environments with remote
control operation via a telephone line inger-
face,
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A frequency stabilized laser array for
use in displacement metrology
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We have developed a frequency stabilized laser

system Lo supply light to measure atomic dis-
tance displacements of a stage moved in reat
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CThM65 Fig, 1. RMS noise of the jodine-
stabilized laser as a function of integration time.

time. Fach laser in the array provides cnough
power (~1 mW) for four Michelson inter-
ferometers whose accuracy requires a fre-
quency stability of 20 kilz In addition, each
laser must be stable on both shott and long
time scales due to the real time control require-
IMCTs,

The iodine-stabilized laser is the standard
method of realizing the internationat defini-
tion of the weter in the visible and has an
absolute accuracy of ~3 X 107" (12 kHz).
Unfortunately, this laser is not suitable for fast
measurements because its frequency is modu-
lated by 6 MITz p-p at 8.3 kHv in order to lock
to an iodine transition. In addition, it is very
susceptible to optical feedback and only sup-
plies ~ 100 wW of power.

We combine the long-term stability of the
{odine-stabilized luser with the short-term sta-
Lility and relative high power of sealed-cavily
HeNe laser tubes by frequency-locking the
sealed-cavity tubes to the iodine-stabilized la-
ser using a digital feedback control loop. After
we outfitted the sealed-cavity tubes with heat-
ets to control their frequency by thermal ex-
pansion, we built-in two layers of thermal iso-
lation to reduce environmental effects.

Cyclic averaging is used to remove the
6-MHz modulation by averaging an integral
number {(approxinwtely 200) of complete
cycles of the 8.3-kIz signal from the iodine-
stabilized laser, Even after ¢yclic averaging,
the iodine-stabilized laser must be further
averaged to attain rhe cited accuracy of 3 X
o=,

In order to determine the amount of aver-
aging necessary, frequency deviations of the
iodine-stabilized laser were measured by set-
ting up a disequilibrated Mach-Zender inter-
feromcter in vacuum and recording the phase
fluctuations, This data was time-averaged with
increasing integration times and we deter-
mined that 24 ws of averaging is needed to
reduce the error o the jodine-stabilized laser
to between 20-30 kHz rms (Fig. 1).

To mecasure the quality of the frequency
lock, two identical sealed-cavity lasers werc in-
dependently frequency-locked to the jodine-
stabilized laser. The beal frequency (offset to
zero) between the iodine-stabilized laser and
one scaled-cavity tulwe [Fig. 2(a)] as well as the
beat between the two scaled-cavity tubes is
recorded [Fig. 2(b)]. As expected from the
24-ms integration time, the standard deviation
between the iodine-stabilized laser and the
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CThM65  Fig. 2. (a) Beat bhetween the iodine-

stabilized laser and a scaled cavity tube (o = 33
kilz). {b) Beat between two sealed-cavily tubes
{o = 10 kHz),

scaled-cavity tube is 33 kHz while that between
the two sealed-cavity tubes is 10 kI Iz

The modular nature of our sctup allows
additional lasers to be added with minimal
cffort creating an array of lasers with sufficient
power (1 mW) and accuracy (10 kFHz) Lo per-
form atomic scale displacement measure-
ments. 'I'hese lasers have resolution belter than
the iodine-stabitized laser at shorl (ime scales
and perform as well as the iodine-stabilized
taser over longer times.
Lal. C. Fabry de Plust. d'Optique, France
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8-12 micron OPO pumped by a 2.09-
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There is a great need to develop continu-
ously tunable coherent sources for chemical
scnsing lidar applications in the 8—12-pm
atmospheric transmission window. Many
different optical paramciric oscillator
(OPO) schemes have been atlempted o
meet this need. Desirable properties {or such
an QPO inclade; continuously tunability,
good beam quality and conversion efti-
ciency, single-stage OPO conversion and a
high moderate repetition rate.

This paper presents an QPO thal meels
most of these requirements. The QPO is based




