2-micron Laser Development for Wind and CO2 Observations
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1. Introduction
2-micron eye-safe solid lasers doped with Tm
and/or Ho are powerful tools for remote
sensing of wind, H2O and CO2 concentration1.
We need 2-micron lasers for wind profile
observations and CO2 observations and have
developed 100mJ Tm,Ho:YLF laser oscillator
and 460mJ Tm,Ho:YLF laser amp2,3. These
lasers are powerful and need much pumping
light. Composite laser rod and 28 laser diodes,
both of which are very expensive, are used.
Moderate output compact lasers are more
suitable for wind measurements and also for
CO2
DIAL
measurements
in
mobile
experiments. The area to be covered for the
wind measurement is about 20-30km. The
laser is also used for air-borne CO2 DIAL
instrument. We have developed a pulsed laser
of moderate output of 50-100mJ at 20-30Hz for
a CO2
DIAL/Wind Doppler lidar system
(Co2DiaWiL)4. Though the output capability is
suitable to our objective, this laser is yet large
in size as a mobile lidar system. Then, we
started to develop a more compact laser. We
will describe the present status of Co2DiaWiL
and development of the new laser for a mobile
lidar system. Moreover, we want to try other
type of more powerful lasers for future project
to extend the observation range and getting
better accuracy.

Figure 1 Picture of the inside of Co2DiaWiL
30Hz from Feb. 2010 to Mar. 2011
for
stability and endurance test of the laser. Plane
position indicator (PPI) scan data obtained in
3minutes is shown in Figure 2. Elevation was
fixed at 2degrees. We could measure wind
distribution in 30kmx30km area by PPI in this
case. The non-colored area around the center
of the figure indicates the unobservable
direction by obstacles as buildings and trees. A

2. Co2DiaWiL
32km

Co2DiaWiL(Coherent 2-micron Differential
absorption and Wind Lidar) has been
developed. It was installed in a container with
two axes scanner (Figure 1) and set on the
roof of our laboratory. We made observations
of wind profiles and CO2 concentrations in the
laser output of 50-80mJ at 30Hz there. The
pulse width at this output level is about
150nsec. Even in the time of non-observation,
the laser was almost continuously operated at

Figure 2. PPI measurements of horizontal
winds (EL=2 degree)

Figure 3 RHI measurement of winds (Az=225degree)
few km to sub-km small wind structures are
seen in Figure 2. Range height indicator (RHI)
scan data at an azimuth of 225 degrees is
shown in Figure 3. Wind direction is changed
around a height of 1km. We can examine the
three dimensional wind structures by the
combinations of these scans and measure
horizontal wind up to more than 20km in a few
minute.
3. Mobile lidar system
The optical components for Co2DiaWiL are set
on a large optical table as shown in Figure 1.
More compact and firm systems are needed
for mobile experiments. Then, we are
developing a compact CO2 DIAL/Wind Doppler
lidar system. The laser should be operated in
50-80mJ output at 30-50Hz. A similar type of a
pumping module to Co2DiaWiL is set in a
compact vacuum container (Figure 4). A 4mm
diameter x 44mm length Tm(4%),Ho(0.4%):
YLF rod is configured to be side-pumped from
three directions by 12 laser diodes. The
Tm,Ho:YLF rod is conductive-cooled down to
about -80C from three Cu heat sinks through

Figure 4 new laser head in a vacuum
container

Indium thin film. The 12 laser diodes are also
conductive-cooled to about 20C from other
three Cu heat sinks. The central rod holder
part is thermally separated from laser diode
part in the outside of the pumping module.
792nm light from laser diodes pumps the laser
rod through three quartz light guides between
the three rod heat sinks. The pumping module
was tested in a simple Fabry-Perot type
resonator configuration. Reflectance of the
output coupler was 60%. The rod was
Tm(4%),Ho(0.4%):LLF in the first time. Long
pulse and multi mode output power of about
200mJ was obtained at 30Hz (Figure 5). It is
similar to that of Tm,Ho:YLF laser in
Co2DiaWiL. Output was gradually increased
up to the level of 200mJ, which means that
good thermal contact is maintained between
the rod and the heat sinks. When we changed
the rod to Tm(4%),Ho(0.4%):YLF, the output is
decreased. It is about 30% at LD current of
45A. Tm,Ho:LLF has been shown to be a little
efficient laser crystal in the comparison with
Tm,Ho:YLF4,5. We have confirmed it. We
designed and made a trial laser for the

Figure 5 Long pulse output energy

Figure 6 Trial laser for the compact laser
characterization of the compact laser. The ring
resonator of a length of 3.8m is almost same
as Co2DiaWiL, but more compact. The
resonator with Q-switch and a mirror on
piezoelectric stack for a ramp-and-fire
mechanism is set on both sides of an optical
breadboard of 660mm x 400mm (Figure 6).
The laser is in test phase in laboratory.
3. Ho laser pumped by Tm fiber laser
Ho laser end-pumped by Tm fiber laser is
potential configuration for high average power
output. Pumping fiber laser light of 1.9-micron
reduces the heat load to Ho laser rod which
emits at 2-2.1-micron. Outputs over 20mJ at
1kHz was obtained with MOPA configuration6,7
of Ho:YLF laser. High repetition laser up to
10kHz for CO2 measurement with coherent
detection was developed8, 9. We set up for the
experiment of a Ho:YLF laser, which emits at
2.05-micron and will use for wind and CO2
measurements. Our objective is 20-50mJ at
300Hz. Conductive-cooled laser rod of about
20C is used. Emission wavelength of Ho:YLF
is suitable to CO2 observation. However,
thinking of ground based observation of wind,
we may use other laser crystals because the
round-trip transparency even at off line
wavelength of 2.0525-micron is about 0.4 for a
distance of 20km. One of other candidates of
similar configuration for wind observation is
Ho:YAG laser end-pumped by Tm fiber laser.
Ho:YAG laser emits at 2.09-micron. This type
of laser is also studied for OPO pump source
and remote sensing10, 11.
4. Conclusion
We have developed a ground-based CO2
DIAL/Wind Doppler lidar system (Co2DiaWiL)
with a conductive-cooled and laser diode
pumped 2-micron laser. Observations of LineOf-Sight wind velocity and CO2 concentration
are usually made in 50-80mJ output at 30Hz.
Wind velocity measurements of 30kmx30km
are possible in a few minutes at the off-line

wavelength. Range of wind measurements
may be extended, if we use other wavelength
where the atmosphere is more transparent. We
are now developing a compact mobile CO2
DIAL/Wind Doppler lidar system using a similar
design to Co2DiaWiL, but compact and small.
The new pumping module with a Tm,Ho:LLF
rod showed a long pulse output of about
200mJ at 30Hz. The rod has been changed to
a Tm,Ho:YLF. The output is decreased by
about 30%. After the evaluation of the laser,
we will develop a compact lidar system. Ho
laser pumped by Tm fiber laser are also
studied. The laser will be used at relatively
high repetition rate of 300Hz. The developed
lasers are conductive-cooled, eye-safe and
solid-state. Then, these are suitable for spaceborne lidars.
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