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A New Tunable Solid-State Laser

BY V. PETRICEVIC, S. K. GAYEN
ANDR. R. ALFANO

ment for tunable solid-state lasers® with prog-

ress reaching the point where tunable solid-
state lasers are making headway in the marketplace
and attracting the financial community’s interest. In
the area of laser applications, interest in tunable solid-
state lasers stems from their many advantages over
dye lasers. These include wide wavelength tunability,

T he eighties have been a decade of rapid develop-

A new tunable solid-state laser
of chromium-activated forsterite
offers wide tunability
and a vartety of applications.

compactness, long operational lffetime, rigidity and
ease of handling — all of which make them highly reli-
able and extremely suitable for spaceborne remote
sensing, ranging, ldar and optical communication
applications.

Tunable solid-state lasers also have a high potential for
medical applications in eye surgery, cutting tissues,
treating birthmarks and removing kidney stones, In-
dustrial applications include on-line pollutant-emission
monitoring and fiber optic communications along with
basic scientific research,

In this article, we will introduce a new tunable solid-
state laser system: Chromium-activated forsterite (Cré+:
Mg S10,), which has the potential for tunability from
850-1400nm — one of the most widely tunable laser sys-
tems in this spectral region. Chromium-based crystais
that are known to lase, cover a spectral range of 700-
1100nm. The first laser, ruby, operates only at a welt de-
fined wavelength of 694.3nm. Four different hosts are
necessary to cover the 700-1100nm range. The Cr3+;
- Mg SiO, system extends the range further into the in-
frared and shows promise of covering most of the range
and beyond.

We have observed pulsed laser action in Cr®* at room
temperature.? The emission is centered at 1235nm, and
has a bandwidth (FWHM) of 22nm, In the following sec-
tions, we will introduce the characteristics of the host
crystal, present the basic spectroscopiec properties of the
system, describe the laser experiments and measure-
ments, and point out the possibilities of the system.

Forsterite, like alexandrite, Is a member of the olivine
family of erystals and is a naturally occurring gem. The
crystal appears different when looked at from different
directions, Along the [100] axis it appears to have a
bluish hue, along [010] it appears violet, while along the
f001] axis it looks greenish.

Single crystals of Cr*-:Mg,S10, may be grown by the
Czochralski method. The crystal is easy to grow, and
large crystals {several centimeters long and about a cen-
timeter in diameter) are readily grown, The single crystal
of Cr*~:Mg,Si0, used for spectroscopic and laser action
measurements presented in this article was grown by
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Figure 1.

Absorption and flusrescence spectra of Cro+ :Mg,St0, at
room temperature.

the Czochralski method at the Electronic Materials Re-
scarch Laboratory of the Mitsui Mining and Smelting Co.
Ltd., in Japan. The crystal is a 9mm x 9mm x 4.5mm
rectangular parallelepiped with the three mutuaily or-
thogonal axes oriented along the b, ¢ and a crystallogra-
phic axes of the crystal. The crystal contains 0.04 atomic
percentage of Cr3* fons, which is equivalent to a chro-
mium-ion concentration of 6.9 x 10" jonsfom?.

The room-temperature fluorescence and absorption
spectra of Cr®*:Mg SiO, for E || b erystallographic axis are
shown in Figure 1. The flucrescence spectrum was ex-
cited by the 488nm radiation from an argon-ion laser
and recorded by a germanium photodiode detector-lock-
in-arnplifier combination at the end of a 0.25m mono-
chromator equipped with a 1000nm blazed grating. The
room-temperature spectrum is a broad band covering
700-1400nm. The room-temperature fluorescence life.
time is 15usec. The absorption spectrum is characterized
by two broad bands centered at 740nm and 460nm at-
tributed at the *A,~T, and *A,~*T, absorption transi-
tions, respectively, of the Cr** ion. The broad weak ab.
sorption band between 850-1150nm is not observed in
the excitation spectrum. This indicates that the origin of
this absorption {s not transitions in the Cr** fon, but in
some other impurity ions, e.g., Fe** in the host crystal.?
It is evident from Figure 1 that this background absorp-
tion overlaps a significant spectral reglon of Cr¥-:Mg, SiO,
emissions and inhibits laser action in that region. Both
the emission and absorption spectra of such systerns de-
pend strongly on the polarization of the incident Hght
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A photograph of the laser cavity (left). and a schematic of the experimental arrangement for investigating laser action in Cr*-:
Mg S0, Key: I, = 1060nm blocking filter. F, = 532nm blocking infrared transmitting filter, M, = back mirror. M, = otitpiut
mirror, L =lens. S=sample, Ge =germanium photodiode detector. M = monochromator.

and the orientation of the crystallographic axes in the
sample.

Laser action

The experimental arrangement for investigating the
laser action in Cr*-:Mg SIO, is shown in Figure 2(a). and
drawn schematically in Figure 2(b). The sample is placed
at the center of a stable resonator formed by two 30cm-
radius mirrors placed 20cm apart. The mirrors were di-
electric coated to transmit the 532nm pump beam. and
to have high reflectivity in the 1150-1250nm spectrat
range. It should be noted that this spectral region does

not cotrespond to the peak of fluorescence spectrum. but
was chosen to minimize background absorption.

The sample was longitudinaily pumped by frequency-
doubted 532nm, 10ns (FWHM) pulses from a Q-switcherl
Nd:YAG laser (Quanta Ray DCR-1) operating at a It
repetition rate. The pump beam was tinearly polarzcd
along the b axis and propagated along the a axis of the
sample. It was focused 3em before the sample by a
25¢m-focal-dength lens. The radius of the pump beam at
the center of the sample {s ~600um, The output from the
laser cavity was analyzed by a 0.25m monochromaltor,
monitored by a germanium photodiode detector and dis-

Picosecond/Gigahertz

Photodetectors and Diode Laser Systems

Series PL Dlode Lasers generate

ultrashort, high power pulses at

all popular wavelengths.

Applications include:

* Bandwidth testing of optical
fibers.

* Optical receiver testing.

¢ Optical oscilloscope/sireak camera
testing.

OPTRONICS.

Ants

Series AR and ARX Photodefectors are used to
detect vitrashort pulses and high-frequency
- moduiated CW light.
Applications include: .
* Mode-tocked YAG/dye faser pulse detection.
Pulse dispersion measurements in optical

laser diode/t.ED detection.

If you are looking for high-quality, affordable
picosecond/gigahertz photodetectors and dicde laser
systems, please contact Antel for complete technical infor-
mation and prices.
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MORE NEW
PRODUCTS
FROM PULNIX

ASYNCHRONOUS RESET,
VARIABLE SHUTTER AND
INTEGRADABLE CCD

The PULNiX TM:845 camera fea-
tures a high resolution (800 x
492 pixel) frame transfer CCD
imager. The TM-845 offers hoth
variable, asynchronous shutter-
ing and random image integra-
tion in an extremely small (1.25”
x 1.75" x 5.50" camera. Sync
is internal/external,

Options include an external
shutter control and a Peltier cool-
ing attachment for optimum im-
aging in the integration mode. A
CCIR version (TM-865) will be
available soon.

REMOTE IMAGER
CCD CAMERA

The PULNiX TM-540R remote ima-
ger CCD camera permits mounting
of the lens/imager assembly within a
very confined area. The 510 x 492
pixel imager is attached to the main
camera module by a 48" flexible ca-
ble which carries all video and
power. The TM-540R comes stan-
dard with 48" remote (84" maxi-
mum distance): shorter distances
are available by custom order.

To facilitate mounting, different
versions of the imager module are
offered. The TM-540R uses C-mount
or special miniature lenses and ac-
cepts external syne.
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PULNIX Offers the Most Complete Selection
of Array Sizes Anywhere. :

B ' Choose the Right Camera
PULNIX is a leader in supplying the highest resolution solid-state
cameras in minlaturized packages. Our new TM-840 CCD camera
features a full 800 x 492 frame transfer array in a tiny, lightweight
enclosure. We understand that truly cost-effective imaging systems
never pay for unused resolving power. That's why we offer a full line of
array types to meet your exact cost/performance specifications.

Cameras Bullt Your Way

Many of our innovative miniature cameras were developed in response to
special customer needs. Custom factory adjustments, Interfaces, cables,
an&‘eﬂcloaumarepartofourmnﬂayseﬂm%rapplkaﬂons
engineers are eager to assist you in providing the camera best suited for
YOour system,

Now American Made
Our U.S. manufacturing facility has just expanded to better serve our
customers. We now have even greater fiexibility to detiver the camera you
want, whether it’s off the shelf or custom engineered,

M A5k For Our Latest Catalog

The cameras shown above are just some of our many video cameras and
accessories. We stock dozens of different monochrome and color solid-
state array and iinear array cameras, miniature and standard lenses,
fiiters, close-up attachments, enclosures, and power supplies. Cali our
toll-free number today for a comprehensive catalogand further Information.

All Cameras Feature A Full Three-Year Warranty!

PULNIX

FULMX AMTMCA, ING.

The Company With Vision

PULNIX America, Inc., 770-A Luceme Drive, Sunnyvale, CA 94086
Call Toll-Free 800-445-5444
Tel: 408-733-1560 Tix: 172541 Fax: 408-737-2966
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played on a fast oscilloscope. No dispersive element was
placed in the cavity and the laser operated in a free-run-
ning pulsed mode,

Pulsed laser operation was readily obtained for pump-
ing at or above the lasing threshold energy of 2.2mJ. A
single output laser pulse was obtained, implying a gain-
switched operation, a consequence of pump-pulse dura-
tion being shorter than the lasing:-level lifetime,

The spectrum peaks at 1235n1m and has a bandwidth
(FWHM) of 25nm. The measured slope efficiency is ~1.5
percent for the cavity conflguration described above.
With an optimized cavity, we expect the slope efficiency
to increase substantially. We have observed laser action
in this crystal for E || a and ¢ axes as well. This appears to
be a unique property of this system, since most of the
systems. including alexandrite, lase in only one preferred
direction.

The chromium-activated forsterite system has a high
potential to be a very useful and practical laser system in
optical communicatlons and ranging. The spectral range
for laser emission Is expected to extend from 850-
1400nm if the parasitic impurity absorption can be mini-
mized by improving the crystal growth technique. The
output at the low-energy end of this laser is of particular
importance for transmission through optical fibers and
eye-safe ranging. The large fluorescence bandwidth
promises ultrashort pulse generation through mode-
locked operation. Since large crystals can be readily
grown, the system may be used as an amplifier medium
in the near Infrared region as well. 0
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Judson HgCdTe Detectors
An assembly of high performers.

Detector Speclficatlons:

The Judson reputation for high quality, high performance PC HgCdTe IR
detectors didn’t just happen overnight. it was buiit on our abliity to work
with and meet each customer's requirements by assisting in the selection
of an IR device to provide optimum performancs at a specific wavelength,

Applications:

s Packages:

- N

(215) 368-6900
TELEX 846120

+ Wavelength response: 2.22 um

Metal and Glass Dewars (77° K)
Thermo-electric (240° K or 200° K) = FTIR Spectroscopy
JouleThomson Cryostats (77° K)

* Sizes: 0.025 mm—4.0 mm square

Call Judson today at {215) 3686900 for more information on our HgCdTe
detectors and our complete line of IR devices, including Ge (0.81.8
micrometers), InAs (1-3.5 micrometers) and inSb (1-5.5 micrometers).
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Montgomaeryville, PA 18936

* Thermal imaging
* CO, Laser Destection
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