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6100-01, Session 1

Size-scaling of TEM,, mode optically-pumped
semiconductor lasers

L. E. Hunziker, C. Ihli, D. S. Steingrube, E. J. Reed, N. Hodgson,
Coherent, Inc.

We show that TEM,y mode optically-pumped semiconductor lasers (OPSL)
can be scaled to footprints < 10 cm without affecting performance. In
particular, we have demonstrated up to 10 W TEM;, mode output at 488
and 532 nm with resonator footprints as small as 1 cm. Performance
metrics critical to manufacturability such as resonator misalignment sen-
sitivity and stability range maintain acceptable values down to this scale.

6100-02, Session 1

Optically pumped semiconductor lasers at 505-
nm in the power range above 100 mW

W. R. Seelert, Coherent Luebeck (Germany); S. Kubasiak,
Coherent Luebeck; J. Negendank, Coherent Luebeck
(Germany); J. Chilla, H. Zhou, E. S. Weiss, Coherent, Inc.

Lasers based on optically pumped semiconductors (OPS) offer unique
capabilities in both wavelength tailoring and power scaling compared to
traditional solid-state lasers. In particular, these lasers can be designed in
wavelength to realize for instance 505nm, which enables excitation of
two fluorescent dye chemistry sets originally established by 488 and 514
nm legacy argon lasers. Highly efficient intra cavity frequency doubling of
an 1010nm OPS yields over 100 mW of output power at 505 nm. In this
paper we will present a brief background on OPS technology. We will
then discuss specifics of the 505 nm laser and present both performance
and reliability data for this laser.

6100-03, Session 1

Continuous-wave visible laser by intracavity-
doubled fiber laser

T. Shinozaki, Y. Kaneda, Y. Urata, S. Wada, Megaopto RIKEN
(Japan)

A novel continuous-wave blue-green laser was developed by utilizing the
second-harmonic of the emission from Yb doped gain fiber. The laser
cavity consists of an FBG, a gain fiber, an aspheric lens, a dichroic mirror
for output coupling of second harmonic, a periodically-poled LiNbO3
(PPLN), and a high reflector. The gain fiber was pumped by a 580-mW,
fiber pigtailed laser diode at 974 nm through the FBG. The Yb laser emis-
sion from the fiber end was focused onto the high reflector, providing
optical feedback and forming the resonator. The PPLN was placed near
the end mirror in order to increase the fundamental intensity. The emis-
sion wavelength can be selected by changing the FBG within the band-
width of the gain fiber.. FBG for 1016 nm was selected for the experi-
ment. Circulating power of the fundamental wave in the cavity was mea-
sured to be 1500 mW when a 5 % output coupler was placed in stead of
high-reflecting end mirror. Stable output in excess of 30 mW at 508 nm
was obtained. The optical-optical efficiency from LD to the visible output
was about 5%. The fluctuation of the laser output power was less than
0.5% for more than 2 hours without a power feedback loop. The optical
noise was lower than 2%rms for the frequency between 10 Hz and 1
MHz. The M2 value was measured to be 1.2. This wavelength-selectable
laser will be a useful light source for applications including biological im-
aging, flow cytometry, spectroscopic analysis.

6100-04, Session 2
Ceramic Yb:YAG microchip laser

E. P. Ostby, J. Huie, Raytheon Space and Airborne Systems; R.
L. Gentilman, R. A. Ackerman, Raytheon Co.

A CW ceramic Yb:YAG microchip laser is presented with 1 W output power
and 20% optical slope efficiency. The ceramic material was fabricated by
Raytheon’s Advanced Materials Laboratory. Results are presented for 1%
and 5% atm. Yb:YAG.

6100-05, Session 2
Microchip laser operating at 1338-nm

J. Sulc, H. Jelinkova, Czech Technical Univ. in Prague (Czech
Republic); K. Nejezchleb, V. Skoda, Crytur, Ltd. (Czech
Republic)

Q-switched microchip laser emitting radiation at wavelength 1338nm was
designed and realized. This laser was based on monolith crystal which
combines in one piece a cooling undoped part (undoped YAG crystal,
4mm long), active laser part (YAG crystal doped with Nd3* ions, 12mm
long) and saturable absorber (YAG crystal doped with V3+ ions, 0.7mm
long). The diameter of the diffusion bounded monolith was 5mm. The
initial transmission of the V:YAG part was 85%. The microchip resonator
consists of dielectric mirrors directly deposited on the monolith surfaces.
The pump mirror (HT for pump radiation, HR for generated radiation) was
placed on the undoped YAG part. The output coupler with reflection 90%
for the generated wavelength was placed on the V3*-doped part. Q-
switched microchip laser was tested under pulsed, and CW diode pump-
ing. The pulse length it was the same for all regimes equal to 6.2ns. The
wavelength of linearly polarized laser emission was fixed to 1338nm. The
pulse energy depends on the mean pump power. For pulsed pumping the
output pulse energy was stable up to mean pump power 1W and it was
equal to 135uJ, which corresponds to peak power 22kW. In CW regime
for pumping up to 14W the pulse energy was stabilized to 37uJ (peak
power 6kW). The mean output power increased up to 0.4W only by in-
crease of the generated pulse repetition rate (11kHz for mean pump power
14W).

6100-06, Session 2

Subnanosecond tunable dye laser pumped by a
Nd:YAG microchip laser

A. M. Jones, O. F. Swenson, North Dakota State Univ.

We have demonstrated a narrowband Littman configuration dye laser lon-
gitudinally pumped by the second harmonic of a 250 Hz pulse repetition
frequency microchip laser with up to 50 microjoule pulse energies at 532
nm. Rhodamine 6G dye in methanol with a 3 cm cavity length produced 9
microjoule pulses with a slope efficiency of 20% at the peak intensity.
The dye laser can be tuned from 550 to 575 nm. A 532 nm pump thresh-
old below 4 microjoules was observed. Adding tunability to compact,
economical microchip lasers with a spectrally narrow pulsed dye laser
provides ideal characteristics for biotechnological applications.
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6100-07, Session 2

Highly efficient ultra-low threshold microchip
cerium fluoride lasers generating sub-
nanosecond pulses at 287-nm and 310-nm

H. Liu, D. Spence, D. Coutts, Macquarie Univ. (Australia)

We present an all-solid-state pumped microchip Ce:LiLuF laser. The pump
source was a miniature Ce:LiCAF laser pumped in turn by a microchip
Nd:VYO4 laser. Cerium doped fluoride lasers are only solid-state laser
sources operating in the ultraviolet regime, covering the range 280 to 335
nm. They have attracted broad interest for biophotonics applications,
particularly in fluorescence sensing. Our robust and compact solid-state
cerium laser sources, are a promising route for generating inexpensive
tunable UV sources for these applications.

We have demonstrated the use of miniature cavities for Ce:LiLuF and
Ce:LiCAF producing ultra-low threshold and high efficiency operation,
allowing the use of a low cost frequency-quadrupled microchip Nd:YVO4
pump laser producing 10 uJ pulses at 1 kHz and 266 nm. This was used
to pump a 2.5 mm long Ce,Na:LiCAF crystal contained in a 4 mm long
cavity, generating 3.5 uJ pulses at 287 nm with a slope efficiency of 45%,
and with a pulse duration of under 500 ps.

The output of the Ce:LiCAF laser was used to pump an ultra-low thresh-
old Ce:LiLuF laser that used a 1.25 mm long crystal in a 2.5 mm long
cavity. We have obtained ~450 ps, 650 nJ pulses at 310nm from the
Ce:LiLuF laser, with slope efficiency of 40%. The lowest pump threshold
measured was ~800 nJ, using an output coupler with 90% reflectivity.
The pump polarisation induced color center loss effect of Ce:LiLuF crys-
tal was minimised due to an extremely fast cavity build up time.

We will present results demonstrating wavelength tuning for these ultra-
low threshold miniature cavities.

6100-08, Session 2

Low-cost 355-nm CW milliWatt-scale diode-
pumped intra-cavity frequency tripled microchip
assembly

T. Georges, A. Nicolas, C. Chauzat, OXXIUS (France); P. Féron,
Ecole Nationale Supérieure des Sciences Appliquées et de
Technologie (France)

Low noise CW milliwatt scale UV lasers are needed for many analysis
applications in the semiconductor and the biological fields. Intracavity
tripling has been widely used to improve the UV output power of Q-
switched or modelocked lasers, but no efficient diode-pumped CW UV
laser was ever reported.

One of the key to success is the use of a monolithic laser structure which
both eliminates the birefringence interference issue and facilitates the
single frequency operation. The monolithic structure is obtained by opti-
cally contacting crystals. It does not require any alignment, reduces the
manufacturing cost and improves reliability.

The optimization of the amplifying medium and doubling and tripling crys-
tals involves as many parameters as pump absorption, thermal lens, cav-
ity length, 1064 nm mode size, walk-off, acceptance angles, polariza-
tions, phases. The interplay between these parameters will be discussed.

Finally, several amplifying media (Nd:YAG and Nd:YVO4), doubling crys-
tals (KTP, KNbO3, BBO, BiBO and LBO) and tripling crystals (BBO, BiBO,
LBO) were tested. With a 4W 808 nm diode pump, several configurations
have led to low noise 355 nm single frequency operation exceeding sev-
eral milliWatts. We believe that this power can still be improved.

6100-09, Session 3

Recent progress in eye-safe solid-state laser
with resonant, ultra-low- photon-defect, diode
pumping

M. A. Dubinskii, Army Research Lab.

The most promising today’s technologies for high power solid-state la-
sers are hinging upon wavelengths near one micron (1-um). For various
military scenarios in urban areas it is very important to minimize the ocu-
lar hazard zone around the laser by using the DEW in the 1.5-1.8-mm
‘eye-safe’ band. 1-um laser wavelength shifting via stimulated Raman
scattering is possible, but at the sacrifice of the overall laser system effi-
ciency and significant additional heat removal complications.

Direct resonant pumping of Er:YAG, due to its ultra-low-photon-defect
nature, provides the most efficient eye-safe laser source with absolutely
minimal pump-induced beam distortions - which is critical for high power
applications. In fact, with the correctly engineered ‘pump-lase’ scheme
photon defect of practical resonantly pumped Er:YAG laser can be al-
most 2 times lower than that of diode-pumped Yb:YAG laser. Even his-
torically-first Er-doped crystalline solid-state laser at 1645 nm with Er-
glass laser excitation around 1540 nm has proven to be efficient, even
though quite impractical, eye-safe source.

This presentation provides comprehensive analysis of recent progress in
eye-safe bulk solid-state laser development based on resonant, ultra-
low-photon-defect pumping. The most efficient and most powerful Er:-YAG
laser systems based on narrow-band fiber laser pumping as well as on
direct wide-band long-wavelength (state-of-the art InP) diode pumping
are compared. Specifics associated with relatively low-cross-section and
spectrally-narrow absorption features of 4115/2 — 4113/2 transitions of
Er3+ ion as well as concentration dependent parasitic up-conversions
are discussed. Approach to using 1470-nm versus 1530-nm absorption
line groups along with analysis of cryogenically-cooled Er:YAG laser is
also presented.

6100-10, Session 3

High-power fiber-bulk hybrid lasers

W. A. Clarkson, D. Y. Shen, J. K. Sahu, Univ. of Southampton
(United Kingdom)

Cladding-pumped fiber lasers are becoming increasingly attractive for
high power generation due to their high efficiency and immunity from
thermal effects. However, due their small core size and long device length,
pulse energies are rather limited. In contrast, conventional ‘bulk’ solid-
state lasers offer the prospect of much higher pulse energies, but suffer
from detrimental thermal effects which can degrade beam quality and
efficiency. An alternative strategy for scaling output power and pulse en-
ergy, which is attracting growing interest, is to use a hybrid laser scheme.
In this approach, the fiber laser is used as a high-brightness source for in-
band pumping of a bulk solid-state laser. One of the main attractions of
the fiber-bulk hybrid laser scheme is that most of the heat generated via
quantum defect heating is deposited in the fiber, and thermal effects in
the bulk laser are dramatically reduced leading to the prospect of much
improved efficiency, beam quality, higher average output power and higher
pulse energy. This approach has already been successfully applied to a
number of different solid-state lasers operating in the eyesafe wavelength
regimes around 1.6um and 2um. In this paper, we describe recent progress
in the development of high-power Er fiber pump sources for hybrid er-
bium lasers, and we will report on recent developments in power scaling
of hybrid erbium lasers in cw and pulsed modes of operation.

6100-11, Session 3

100-megawatt power Q-switched Er:glass laser

J. Taboada, J. M. Taboada, Taboada Researsch Instruments,
Inc.; D. J. Stolarski, J. Zohner, L. Chavey, Northrop Grumman
Corp.
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A very high energy Q-switch Er:glass low repetition rate laser is reported.
By incorporating a rotating resonant reflector, very high shutter speeds of
the cavity Q were achieved of an Er:glass laser designed for 75J, 600
microsecond long pulse operation. Reproducible 3.75J, 33 nanosecond,
1533 nm laser pulses were obtained with less than 1 minute period.

6100-12, Session 4

Progress in hybrid fiber/bulk solid state lasers
P. F. Moulton, A. Y. Dergachev, Q-Peak, Inc.

Fiber lasers are capable of efficiently generating high-beam-quality, high
cw powers. Bulk lasers have excellent energy-storage characteristics for
production of high-peak-power, energetic pulses. The combination of fi-
ber lasers as pump sources for bulk solid state lasers provides a unique,
effective laser system. We describe our recent work in the use of >100 W-
power Tm:fiber lasers to pump high-energy, Q-switched, 2050-nm Ho:YLF
lasers.

6100-13, Session 4

3.9-4.8 um gain-switched lasing of Fe:ZnSe at
room temperature

V. V. Fedorov, J. Kernal, A. Gallian, The Univ. of Alabama at
Birmingham; V. V. Badikov, Kuban State Univ.; S. B. Mirov, The
Univ. of Alabama at Birmingham

Absorption and luminescence properties of Fe:ZnSe and Fe:Cr:ZnSe crys-
tals in the middle infrared spectral range were studied at room and low
temperatures. The undoped polycrystalline samples were grown by chemi-
cal vapor deposition and doping of the 1 mm thick ZnSe polycrystalline
wafers was performed by after growth thermal diffusion of Fe and Cr.
Room temperature emission cross section of 5T2-5E transition of iron
ions was estimated from spectroscopic measurements. Middle infrared
emission of Fe2+ in ZnSe was studied under three different regimes of
excitation: ordinary optical (2.92 um) excitation of 5T2 first excited state
of Fe2+; excitation via 5E level of Cr co-dopant (1.56 um); and excitation
via photo-ionization transition of Fe2+ (0.532 um). For the first time the
energy transfer from Cr2+ (5E level) to Fe2+ (5T2 level) under 1.56um
wavelength excitation was observed and resulted in simultaneous room
temperature emission of Fe:Cr:ZnSe crystal over ultra-broadband spec-
tral range of 2-3 and 3.5-5 um. We also report the first observation of
middle infrared emission at 3.5-5 um induced by 2+-3+-2+ ionization tran-
sitions of iron ions in Fe2+:ZnSe. The obtained result is essential for opti-
cal pumping of Fe:ZnSe by easily available and efficient visible lasers,
and, most importantly, open a pathway for Fe:ZnSe broadband middle-
infrared lasing under direct injection of free electrons and holes. A first
room temperature gain-switched lasing of Fe:ZnSe crystal at 4.4 um was
demonstrated in nonselective cavity under 2.92 um excitation with pulse
duration of 5ns. The 2.92 um excitation was realized with a H2 Raman
cell (2nd Stokes) pumped in a backscattering geometry by a Q-switched
Nd:YAG laser operating at 1.064 um. Selective cavity experiments were
performed in a Littrow mount configuration. Room temperature tunable
oscillation of Fe:ZnSe crystal over 3.9-4.8 um spectral range has been
demonstrated.

6100-14, Session 5

Future trends and applications of ultrafast laser
technology

J. M. Eichenholz, M. Li, I. A. Read, S. Marzenell, P. Feru, R. D.
Boggy, J. D. Kafka, Spectra-Physics

In this talk we will present an overview of recent development of ultrafast
lasers sources and their applications. This talk will highlight some recent
state of the art ultrafast pulse results from Ti:Sapphire and Ytterbium based
laser systems. There are significant advantages in being able to directly
diode pump Ytterbium materials resulting in more compact bulk solid
state and fiber based laser systems. Several newly emerging technolo-

gies such as Optical Parametric Chirped Pulse Amplification,
Supercontinuum Generation and Carrier Envelope Phase Stabilization have
generated great excitement in recent years. The evolution of more com-
pact and user friendly ultrafast laser systems has enabled completely
new fields that take advantage of the extremely high peak powers and
very short time duration of ultrafast laser pulses. Recent results in the
fields of multiphoton microscopy, micromachining, 3-D fabrication, and
spectroscopy will be discussed.

6100-15, Session 5

High energy, 40 fs compact diode-pumped
femtosecond laser for nanostructuring
applications

C. Hoenninger, R. Bello Doua, E. P. Mottay, Amplitude
Systemes (France); F. Salin, Univ. Bordeaux 1 (France)

High peak power femtosecond oscillators exhibit great potential for many
applications such as micro- and nano-machining and structuring,
waveguide writing in glass, nonlinear frequency conversion or seeding of
ultrafast fiber and bulk amplifiers. Ultrashort pulse durations below 50 fs
are routinely produced by Ti:sapphire lasers. However, due to the need
for a green pump laser, Ti:Sapphire lasers suffer from a greater complex-
ity. Diode-pumped Ytterbium femtosecond lasers on the other hand are
compact and reliable lasers, but, because of the limited amplification
bandwidth, typically exhibit pulse duration greater than 60 fs.

We present a directly diode-pumped 40-fs laser source with pulse ener-
gies higher than 120 nJ, more than 2 MW peak power, and a pulse repeti-
tion rate of 9 MHz. The laser setup is compact and fits in a 60 x 40 cm
footprint. The laser source consists of a passively mode-locked
femtosecond oscillator and fiber-based post-compression module. The
oscillator operates at 9 MHz pulse repetition rate and produces pulse
energies up to 300 nJ at 370 fs pulse duration. The oscillator is then fo-
cused into a standard single mode fiber in order to broaden the pulse
spectrum to about 60 nm bandwidth. Owing to the high initial pulse en-
ergy the used fiber is as short as 1.5mm. After collimation it was sufficient
to reflect the beam 8 times on 2 parallel chirped mirrors having -250 fs<
each. The overall transmission of this pulse compression module was
about 80% resulting in 120 nJd transmitted pulse energy in 40-fs pulses.

6100-16, Session 5

Diode-pumped Yb3+:CaGdAlO4 femtosecond
laser

Y. Zaouter, Univ. Paris-Sud Il (France) and Amplitude Systemes
(France); F. P. Druon, P. M. Georges, Univ. Paris-Sud Il (France);
J. Petit, P. Golner, B. Viana, Ecole Nationale Supérieure de
Chimie de Paris (France)

We report the first experimental demonstration of a directly diode-pumped
passively mode-locked femtosecond laser based on an ytterbium-doped
CaGdAIO4 (Yb:CALGO) single crystal. This uniaxal crystal was grown by
use of a Czochralski technique and has a tetragonal structure (14/mmm)
in which Yb3+ ions substitute both Gd3+ and Ca2+ ions. The thermal
conductivity is of interest as it reaches Ka = 6.9 W/m/K and Kc = 6.3 W/
m/K, respectively along the a and ¢ axes. To produce ultra-short pulses,
we used a high brightness fiber-coupled diode (5W with a fiber core-
diameter of 50um) as a pump module, compensated the intra-cavity posi-
tive dispersion mainly introduced by the gain medium with a pair of SF10
prisms, and initiated and stabilized the mode-locking process using a
semiconductor saturable absorber mirror (SESAM). Furthermore, we com-
pensated the extra-cavity spatial dispersion and set up a post compres-
sion module to reach the Fourier transform-limited duration. With a 2.5mm
long Yb3+:CaGdAIO4 crystal weakly doped at 2-at.%, we demonstrated
the generation of femtosecond pulses as short as 47 fs with an emission
spectrum of 24.7 nm and with an average power of 48 mW at a repetition
rate of 109 Mhz. This is, to our knowledge, the shortest pulses ever pro-
duced from an oscillator based on an ytterbium-doped bulk material.
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6100-17, Session 5

Generation of 13.5-fs pulses from a diode-
pumped Kerr-lens mode-locked prismless
Cr:LiSGaF laser

P. Russbueldt, D. Hoffmann, R. Poprawe, Fraunhofer-Institut fur
Lasertechnik (Germany)

Since the appearance of fs-lasers users are demanding for affordable fs-
sources. Diode-pumped colquiriite fs-oscillators are promising, but did
not match the requirements yet. With diode-pumped Cr:LiSAF and
Cr:LiSGaF KLM oscillators A A=60 125nm bandwidth, t=13.5 20fs pulse-
width, P=80 157mW average power are simultaneously achieved for the
first time. A plug and play functionality and a sealed 480x165x128mm3
package eases industrial applications.

Planar folding mirrors between laser crystal and curved mirrors of a Z-
fold cavity eliminate aberrations of the pump radiation and are the key for
high output power, stable modelocking and a compact set-up. Consider-
ation of the saturation of self-amplitude modulation (SAM) by gain-satu-
ration, pump-geometry and diffraction crucially improves soft aperture
KLM. Calculations and experiments indicate, that the SAM saturates for
high peak-powers, while SPM continuously increases. In a Z-fold cavity
the location of the laser crystal, the radius of curvature (ROC) of the fold-
ing mirrors and the length of resonator determines SAM and mode match-
ing, while the ROC of the terminating mirrors and the path-difference of
the cavity arms control the saturation of the SAM.

The weak non-linear pulse-formation in colquiriite KLM oscillators requires
exact dispersion management, accomplished by well characterized dis-
persive mirrors. Raman shifts the mode-locked spectrum to longer wave-
length, which is counteracted by negative TOD and a variable reflective
output coupler. With an Cr:LiSGaF oscillator pumped by two broad emit-
ter laser diodes (P=252+372mW, A=672nm) t=13,5fs pulse-width,
5;A=110nm bandwidth (tdv=0,59) and 102mW mean power at 93MHz
repetition rate are achieved without any maintenance over a period of
several weeks.

6100-18, Session 5
Cryogenically cooled Ti:sapphire amplifiers

A. Fry, Coherent, Inc; S. Fournier, J. Heritier, S. Edstrom, J.
MacKay, Coherent, Inc.

Power scaling in laser systems is fundamentally constrained by detri-
mental effects of absorbed heat in the lasing medium. Cryogenic cooling
is well known technique for improving thermal performance in solid state
laser materials. In particular the dramatic increase in the thermal conduc-
tivity of Tizsapphire at cryogenic temperatures has enabled a new class of
commercial high-average-power femtosecond Ti:sapphire amplifiers. We
report on recent developments in this technology.

6100-19, Session 5

Temporal characterization of ultrashort laser
pulses based on the third-order cross-
correlation function

A. J. Carson, C. C. Barnes, Del Mar Photonics, Inc.; B. R.
Campbell, The Pennsylvania State Univ.; N. V. Didenko, S. E.
Egorov, A. V. Konyashchenko, Del Mar Photonics, Inc.

High contrast temporal characterization of the output pulse profile of
ultrafast laser amplifiers is important in a variety of applications. For ex-
ample, in high intensity laser-target interactions high contrast in excess
of 10 billion is often required. A new design of pulse contrast measuring
correlator based on the third order cross-correlation function is presented.
We discuss optical layout that uses two nonlinear crystals to generate
second harmonic (SH) and third harmonic (TH) light. The third order cross-
correlation function is obtained by measuring the TH signal as a function

of the optical delay between the fundamental and SH pulses. The device
demonstrates the ability to measure a wide array of output parameters
including: contrast ratio, pulse pedestal, pre- and post-pulses, and am-
plified spontaneous emission. It also provides information about the third-
order cross-correlation function of pulse intensity on a femtosecond tem-
poral scale and can be used for alignment of high power femtosecond
lasers. We discuss the results of using third-order cross-correlation tech-
nique to characterize the temporal pulse shape of ultrashort laser pulses
from Ti:Sapphire regenerative and multipass amplifiers as well as for
Cr:Forsterite regenerative amplifier.

6100-20, Session 6

High performance, widely tunable Ti:Sapphire
laser with nanosecond pulses

B. Jungbluth, J. Wueppen, J. Geiger, B. Bach-Zelewski, D.
Hoffmann, P. Loosen, R. Poprawe, Fraunhofer-Institut fir
Lasertechnik (Germany)

Design, theoretical modeling and experimental characterization of a widely
tunable Ti:Sapphire laser with nanosecond pulses and high pulse peak
power is presented. The laser provides a continuous tuning range of more
than 675 nm to 1025 nm with no exchange of optics required. At a pulse
rate of one kilohertz it reaches pulse energies of up to 2.5 mJ, pulse dura-
tions of around 20 ns, a spectral bandwidth of 10 GHz and an almost
diffraction-limited beam quality of M2 < 1.2 with a smooth characteristic
of these parameters over the full wavelength range. This clearly exceeds
the performance data published so far with our previous designs. Effects,
which tend to have provoked spectral gaps in the past, have been totally
understood and definitely suppressed by a modified resonator design.
Thanks to its high pulse peak power and excellent beam quality, this laser
is well suited for frequency conversion and can serve as a basic module
of an all-solid-state laser system thatis tunable from less than 200 nm to
more than 1000 nm. The presentation contains a detailed description and
discussion of all performance-determining design aspects, i.e. pump
scheme and pump beam shaping, resonator design and the comparison
of different tuning elements. As a main prerequisite of an appropriate reso-
nator design, thermal lensing in Ti:Sapphire crystals is discussed on the
basis of experimental and theoretical results. This includes the wavelength
dependency of the focal length, the astigmatism in end-pumped
Ti:Sapphire crystals with Brewster-cut endfaces, the influence of the pump-
light distribution and different cooling schemes.

6100-21, Session 6

High efficiency CW green pumped Alexandrite
lasers

J. W. Kuper, D. C. Brown, Snake Creek Lasers, LLC

The use of a laser to pump alexandrite has been demonstrated in the
past using for example, a 647 nm Argon CW laser with tunable operation
obtained over the range of 726-802 nm and a maximum output of 600
mW at the peak of the gain curve. However, even with the high \>50%)
slope efficiency reported in these experiments, such an approach was
not considered commercially viable because of the low (< 0.1%) efficiency
of ion lasers. On the other hand, using red diodes to directly pump alex-
andrite could provide higher overall efficiency but due to low diode bright-
ness, power outputs are limited. To date, the maximum CW output power
demonstrated with diode pumping was only about 200 mW at the funda-
mental wavelength 2. We have recently suggested 3 that the commercial
availability of efficient diode pumped high brightness 532 nm lasers with
outputs powers scalable to well over 10 W, can provide an alternative
pump laser source for alexandrite that would be superior to either dye,
ion or diode lasers. Here we report over 1.4 W stable CW output achieved
in experiments using a 5 W high beam quality Nd:YVO4 532 nm Millenia
laser (from Spectra-physics) to end-pump an alexandrite laser rod. This
output corresponds to a free running mode centered at 767 nm. Further
improvements in the slope efficiency to over 50% are projected based on
optimized pump and mode spot sizes. Preliminary second harmonic con-
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version experiments were also conducted, which are in the process of
being scaled to over 100 mW of tunable output around 375 nm. Future
work will extend the spectral range to the third harmonic near 250 nm.
With pump powers of over 15 W already available, we believe that a green
laser pumped alexandrite provides a highly promising approach for pro-
ducing efficient, power scalable tunable laser systems operating in the
near infrared (around 750 nm), and the ultraviolet (near 375 and 250 nm)
spectral regions.
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6100-22, Session 6

Characterization of cobalt doped ZnSe and ZnS
crystals as saturable absorbers for alexandrite
lasers

R. A. Sims, J. Kernal, V. V. Fedoroy, S. B. Mirov, The Univ. of
Alabama at Birmingham

Cobalt doped ZnSe and ZnS crystals have been studied to determine
their effectiveness for passive Q-switching for 700-800nm spectral range
(Alexandrite laser). Samples were prepared using Bridgeman technique
for single-step growth of Co doped crystals as well as after growth ther-
mal diffusion of Co in undoped crystals. ZnS:Co:Cr crystals, which have
been produced using the Bridgeman technique, show maximum initial
absorption coefficients of 17 cm-1 at 725nm.

Experimental results are reported on effective thermal diffusion of Co2+
in ZnSe and ZnS polycrystals and thermal diffusion constants of cobalt
ions in ZnSe and ZnS was estimated. The nonlinear saturation properties
of cobalt doped ZnSe and ZnS crystals have been investigated experi-
mentally. The induced transparency measurements were performed us-
ing electro-optically Q-switched, alexandrite laser radiation at 731, 741,
and 778 nm with a pulse duration of about 70 ns. The induced transmis-
sion measurements were analyzed using a four-level absorber model and
the absorption cross sections have been estimated at both 731nm and
741nm to be 9.5x107-18 cm2 and 8.2X10/-18 cm2, respectively. Ab-
sorption cross sections calculated from saturation measurements at 4A2-
4T1(4P) transition are in agreement with results earlier reported for mid-
infrared spectral region at 4A2-4T2 transition of Co2+ ions. The described
Co-doped crystals are very promising as passive Q-switches for alexan-
drite laser resonators. Co2+ centers feature high cross section of satura-
tion and their absorption bands are nicely matched to the spectral emis-
sion of the tunable alexandrite laser. An efficient passive Q-switching of
the alexandrite laser cavity was realized.

6100-23, Session 6

Construction and characterization of a
Ti:Sapphire CW laser system with kHz linewidth

S. Hadrich, P. Jauernik, Sirah Laser und Plasmatechnik GmbH
(Germany); S. Schmid, G. Sommerer, Spectra-Physics GmbH
(Germany); L. McCrumb, Spectra-Physics Lasers

Tunable, frequency stabilized lasers are essential for numerous precision
measurements and experiments such as laser cooling. We report the con-
struction of a Ti:Sapphire laser system that is designed to be stable to
10-8 in 1 sec averaging. This level of accuracy is obtained by the use of a
unigue mechanical design, careful choice of optical components and a
state-of-the-art active control. The system is comprised of a ring cavity,
an intra-cavity electro-optical modulator, a digital signal processor based
control unit and an external reference cavity. Optionally, one can frequency
double the output to extend the accessible wavelength range. We present

data of the output energy achieved, tuning curves, beam parameters,
doubling efficiency, amplitude noise, and spectral noise.

6100-72, Session 6

Power scaling and extended tunability of mode-
locked Titanium doped sapphire lasers

S. Marzenell, R. Boggy, I. A. Read, D. E. Spence, J. D. Kafka,
Spectra-Physics

We show the historical development of commercially available mode-
locked lasers based on titanium doped sapphire. We will show experi-
mental and theoretical data on the limits of these lasers, especially aver-
age output power and tuning range. The latest one-box systems offer an
average power of more than 2.9W at 800nm, which corresponds to more
than 350kW peak power at 800nm. In addition, the systems are tunable
from 700nm to 1020nm using only one optics set. These achievements
enable further advancements of certain applications. Micromachining
applications are demanding the increased peak power whereas multi-
photon microscopy is looking for more tunability and higher average power.

6100-24, Session 7

Fluoride laser crystals: old and new

H. P. Jenssen, College of Optics and Photonics/Univ. of Central
Florida and AC Materials, Inc.; A. Cassanho, AC Materials, Inc.

Since the beginning, oxide and fluoride materials have competed to be-
come gain materials of choice for solid state lasers, from early materials
such as Calcium Fluoride and Calcium Tungstate crystals to the now ubig-
uitous Nd hosts YLF, YAG and Vanadate. Among Tunable laser materials,
MgF2 - an early favorite, gave way to superior oxides such as Alexandrite
and Ti:Sapphire only to be followed by development of still newer tunable
fluoride media, notably, fluoride colquiriites such as Cr-doped LiSAF and
LiCaF. As laser engineering progressed, and with the advent of practical
diode pumping configurations, the requirements on material properties
have undergone some key changes as well. This includes a renewed
emphasis on crystal quality to allow consistently reliable operation for
OEM applications, improved material characterization techniques, tailor-
ing of absorption properties to match available diode wavelengths, and
the ability to utilize new transitions amenable to resonant pumping, in-
cluding quasi-three level transitions. While oxides such as YAG, Vana-
dates and Ti:sapphire have seen major quality improvements in the past
decade, fluoride crystal improvements did not lag far behind. Thus, im-
provements in preparation, crystal growth and fabrication techniques now
allow large YLF crystals of excellent quality to be consistently produced.
At the same time, ongoing efforts in growing and optimizing new fluoride
crystals identified a number of attractive laser materials, with Barium Yt-
trium Fluoride BaY2 F8 (BYF), KY3F10 (KYF) and the tunable Cr doped
LiCaGaF6 as notable recent examples.

In this talk we will review developments in hydrofluorination and crystal
growth techniques which allowed growth of for high quality large size
BYF crystals, that are optically scatter free and as easy to fabricate as
YLF. Characterization and spectroscopic studies showed that Nd-doped
BYF, in particular, has properties that make them a potentially better match
for diode pumped lasers than the more common Nd:YLF. In addition, the
longer lifetimes of excited state transitions showed that Ho-doped BYF
crystals may be superior to other fluorides for generating longer wave-
lengths, especially in the mid-IR, where long lifetimes are often correlated
with higher overall laser efficiencies. Other fluoride crystals benefited from
application of improvements realized for BYF, including the recently de-
veloped KYF and LiCaGaF6. Key advantages of these new crystals will
be discussed and several fluoride crystal based laser schemes will be
presented. These include the demonstration of scalable outputs from a
4um Ho:BYF laser and some recent results from a 1um Nd doped BYF
and the tunable Cr doped LiCaGaF®6.
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6100-25, Session 7

Modeling of time-dependent thermal effects in
Cr2+-doped zinc selenide thin disks

P. A. Berry, K. L. Schepler, Air Force Research Lab.

The mid-IR wavelength range is important for both military and scientific
applications. While Cr2+-doped zinc selenide laser materials have shown
great promise with multi-watt operation at room temperature with broad
tunability in the 2-3 «m spectrum([1,2], their development has been ham-
pered by their susceptibility to thermal effects. The high thermo-optic
coefficient of zinc selenide gives rise to thermally-induced phase gradi-
ents when pumped by non-uniformly distributed beam profiles. The re-
sulting thermal lens, along with increased non-radiative transitions due to
increased temperature, cause laser instability and decreased power out-
put.

These materials are often pumped with pulsed lasers of varying pulse
repetition frequencies (PRFs). Understanding the thermal response of the
material in the time domain is important to characterizing and mitigating
the overall thermal effects present in the laser. Finite element modeling
was used to create time-dependent models in which the PRF of the pump
beam could be varied and the accompanying thermal lensing and tem-
perature rise quantified. Initial results show that there are optimal PRFs
that can be used to combat both thermal lensing and temperature rise
producing maximum average output power. These results are also com-
pared to experimental measurements of laser performance at kHz to cw
PRF settings. Experiment and model are in reasonable agreement.
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6100-26, Session 7

Middle-infrared electroluminescence of n-type
Cr doped ZnSe crystals

L. Luke, V. V. Fedorov, |. S. Moskalev, A. Gallian, S. B. Mirov,
The Univ. of Alabama at Birmingham

We report the study of middle-infrared electroluminescence of Cr doped
bulk ZnSe and ZnS crystals. ZnS samples were prepared using Bridgman
technique for single-step growth of Cr doped crystals with Al, Ag or Au
co-doping. Comparative spectroscopic studies of Cr:ZnS and Cr-Al, Cr-
Ag, and Cr-Au co-doped ZnS crystals show that absorption, emission
spectra and kinetics of fluorescence of Cr in these crystals are identical.
However, the Bridgman technique does not provide good electrical con-
ductivity of ZnS crystals. n-type Cr-doped ZnSe samples were prepared
in three stages. At the first stage the undoped polycrystalline ZnSe samples
were grown by chemical vapor deposition. At the second stage doping of
the 1 mm thick ZnSe polycrystalline wafers was performed by after growth
thermal diffusion of Cr. At the third stage, Cr-doped ZnSe wafers were
annealed with Al2Se3 and Zn powders in sealed vacuumed ampoules at
950 C for 96 hours. Comparison of the absorption spectra of the crystals
before and after thermal diffusion indicates the preservation of the de-
sired Cr2+ ions. Ohmic contacts were formed by wetting the surface of
the crystals with In. The best crystals demonstrated conductivity of up to
10-100 ohm*cm. The electroluminescence measurements were taken
using synchronous detection methods with an InSb detector. A pulse
generator (100V at 5 kHz) and a lock-in amplifier were used to distinguish
luminescence signals from blackbody radiation. We report the first obser-
vation of middle-infrared (2-3um) electroluminescence of n-type Cr doped
bulk ZnSe crystals.

6100-27, Session 7

Mid-infrared (3-5 um) emission from rare earth
doped KPb2Br5

U. Hommerich, E. Nyein, P. Amedzake, Hampton Univ.; S. B.
Trivedi, Brimrose Corp. of America; J. M. Zavada, U.S. Army
Research Office

Solid-state lasers operating in the MIR wavelength region (3-5 um) are of
great technological interest for applications as eye-safe lasers, medical
lasers, remote sensing of chemical and biological agents, as well as mili-
tary countermeasures. The development of MIR solid-state lasers based
on traditional oxide and fluoride laser hosts is limited by non-radiative
decay through multi-phonon relaxations. On the contrary, rare earth doped
crystals with low maximum phonon energies can exhibit efficient MIR
emission at room temperature. In this paper, we present initial results of
the material synthesis and optical properties of rare earth (Pr, Nd, Dy, Er,
Tm) doped potassium lead bromide (KPb2Br5). KPb2Br5 is moisture re-
sistant and can be handled under ambient atmospheric conditions. More-
over, KPb2Br5 has a maximum phonon energy of only ~140 cm-1, which
leads to small non-radiative rates and efficient MIR emission. The 3-5 um
emission properties of several rare earth doped KPB crystals will be pre-
sented at the conference.

6100-28, Session 8

Spatial mapping of fluorescence and Raman
spectra across grain boundaries in a transparent
Nd-YAG ceramic laser material

V. Gopalan, W. B. White, J. P. Stitt, G. L. Messing, The
Pennsylvania State Univ.

Recently, dramatic improvements have been made in transparent ceramic
lasers that offer high output powers and low losses that are competitive
with the best single crystal laser technology today. To understand this, it
is necessary to obtain a very detailed characterization of the influence of
grain boundaries in the ceramic host material. This talk will present re-
sults on spatial mapping of fluorescence and Raman spectra across grains
and grain boundaries in a transparent Nd-YAG laser material with 5%
Nd- doping using confocal and near-field scanning optical microscopies.
The Raman signal from the host YAG material does not show any signifi-
cant spectral shifts, but only intensity and lineshape changes between
grains and grain boundaries. The fluorescence spectrum near 1064nm
wavelength relating to Nd-doping does show differences in the sidebands,
indicating changes in the Nd-energy levels between grain and grain bound-
aries. These will be discussed.

6100-29, Session 8

Development of Neodymium doped ceramic
Yttria

N. S. Prasad, NASA Langley Research Cir.; S. B. Trivedi, S.
Kutcher, C. Wang, G. V. Jagannathan, Brimrose Corp. of
America; U. Hommerich, Hampton Univ.; V. Shukla, R. Sadangi,
B. Kear, Rutgers Univ.

Significant progress is being made in the development of polycrystalline
ceramic material based solid-state lasers. Advancements made in the
development of Nd doped Ceramic YAG material has facilitated it to be
used in high average output power applications. Another material devel-
opment that is rapidly advancing is the neodymium doped Yttria
(Nd:Y203). Recently, we reported on the development of Nd:Y203 mate-
rial with good emission properties but was translucent in nature. In fur-
ther studies, transparent Nd:Yttria ceramic material was successfully pre-
pared using improved material processing techniques. Using a propri-
etary scalable production method, spherical non agglomerated and mono-
disperse ceramic powders of Nd:Y203 were utilized to fabricate poly-
crystalline ceramic material samples with sintered grain size in a suitable
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range. In this paper, we present our initial results on the material, optical,
and spectroscopic properties of a highly transparent (Nd:Y203).

Polycrystalline ceramic lasers have enormous potential commercial ap-
plications, which include remote sensing, chemical detection and space
exploration research. Furthermore, the cost to produce ceramic laser
materials is potentially much lower than that for single crystal materials
because of the shorter time it takes to fabricate the material and also
because of the possibility of mass production. The polycrystalline ce-
ramic material that we have produced has been characterized for its suit-
ability as a diode pumped solid state laser. Potential laser designs will be
discussed including end-pumping schemes and the thin-disk laser con-
figuration.

6100-30, Session 8

Laser properties of mixed Nd:YxGd1-x VO4
crystals with different crystal compositions

Y. Tang, X. Wang, S. Tang, Crystal Research, Inc.; N. C.
Fernelius, Air Force Research Lab.

With Gd ions replacing a fraction of Y ions in Nd:YVO4 crystal, a new
class of mixed gadolinium yttrium vanadate crystals Nd:YxGd1-xVO4 is
formed with adjustable laser parameters. As a result, a new laser crystal
may be produced with optimized stimulated cross-section and fluores-
cence lifetime. In this paper, important laser parameters, such as laser
slope efficiency, thermal properties, and overall optical-to-optical efficiency,
of new mixed vanadate crystals Nd:YxGd1-xVO4 were investigated with
different Nd doping levels as well as different yttrium and gadolinium com-
position ratios. Comparative studies will be presented in reference to bet-
ter known laser crystals like Nd:YVO4 and Nd:GdVO4 crystals.

6100-31, Session 8

Compositional influence on spectroscopy
properties of Yb3+ doped tellurite glasses

M. A. Alencar, R. F. Souza, M. V. Vermelho, M. T. de Araujo, J.
M. Hickmann, Univ. Federal de Estado de Alagoas (Brazil); L. R.
Kassab, R. Kobayashi, Univ. Estadula de Sao Paulo (Brazil)

Optical glasses based on TeO2 are promising materials for photonics and
optoelectronics. They are transparent in the visible, near and middle in-
frared region. In comparison with silica glasses, they present larger re-
fraction index (~2.0) and smaller phonon energies are obtained. In rela-
tion to fluoride glasses, which also have various photonic applications,
they offer the advantage of better chemical durability. Yb3+ ions are im-
portant in the development of ultra-short pulse lasers and as an energy
transfer sensitizer in infrared to visible upconversion lasers. In this work,
we investigate the variation of the spectroscopic properties with chemi-
cal composition of Yb3+ doped tellurite glasses pursuing applications
regarding optical fibers, nucleation of nanoparticles and thin films. The
different host glass compositions are prepared using adequate tempera-
tures for melting and annealing. The position of the visible and IR cut-off
wavelength varies with the composition. In the visible region the shortest
cut-off wavelength is around 300 nm; in the middle infrared region the
cut-off wavelength is situated around 7000 nm. We investigate the influ-
ence of the composition in the emission and absorption cross-sections
and effective linewidth. Moreover, fluorescence lifetimes ranging from 0.7
ms to 1.0 ms were measured. The minimum pump intensity is evaluated
for each case in order to investigate a possible laser action using these
materials and the obtained values are excellent compared to
fluorophosphates laser glasses, Yb:YAG and Yb:YAP laser crystals.

6100-32, Session 8

From 20 Hz to hundreds of electron volts: rare
Earth materials for high-bandwidth optical signal
processing, lasers, and phosphors

R. L. Cone, C. W. Thiel, P. B. Sellin, Montana State Univ./

Bozeman; T. B'ttger, Univ. of San Francisco; Y. Sun, Montana
State Univ./Bozeman; R. M. Macfarlane, IBM Almaden
Research Citr.

Material and device studies span many application areas:

Inhomogenous broadening of infrared rare earth 4f-4f transitions at low
temperatures provides time-coherent spectral storage in 105-108 fre-
quency bins for device applications that include real-time holographic
signal processing with sub-MHz spectral resolution and bandwidths of
tens to hundreds of GHz. Compact vibration-insensitive frequency refer-
ences for stabilizing diode lasers to 20Hz linewidths over 10ms for signal
processing, spectroscopy, quantum information demonstrations, and in-
terferometry are provided by homogeneous linewidths often less than
1kHz. Our Tm3+- and Er3+-doped materials have been used to integrate
both memory and high-bandwidth signal processing capabilities into a
processor for high-resolution high-bandwidth range-Doppler radar called
S2CHIP - “Spatial Spectral Coherent Holographic Integrating Processor”
- without requiring high bandwidth analog-to-digital converters. Spatial-
spectral holography is a synthesis of holography and spectral hole burn-
ing.

To accelerate development of materials for lasers, phosphors, and spec-
tral hole burning and spatial-spectral holography applications, energies
of rare-earth ion 4fN states relative to crystal band states have been mea-
sured for important optical host materials. Combining valence band
maxima and 4f electron binding energies measured by photoemission
with 4fN to 4fN-15d transition energies, we accurately describe 4fN and
4fN-15d binding energies across the entire series of rare-earth ions. Mea-
surements on two different ions in a host are now sufficient to predict
binding energies of all rare-earth ions in that host. These results provide
insight into electron transfer transitions, luminescence quenching, and
valence stability.

Research supported by Air Force Research Laboratory and Montana Board
of Research and Commercialization Technology.

6100-33, Session 9

MOPA with kW average power and multi MW
peak power: experimental results, theoretical
modeling and scaling limits

K. Nicklaus, M. Hoefer, H. D. Hoffmann, J. Luttmann, R. Wester,
R. Poprawe, Fraunhofer-Institut fiir Lasertechnik (Germany)

A Master-Oscillator-Power-Amplifier design combining rod and slab laser
technology for high pulse energy, high average power and near diffrac-
tion limited beam quality for industrial use has been developed. To achieve
the good beam quality at high average and high pulse power, an ad-
vanced birefringence compensation scheme, which allows for high mode
overlap while simultaneously minimizing the power densities on optical
surfaces, has been developed and applied.

The prototypes deliver an average power of up to 860 W with M2 < 2 or
1.3 kW with M2 < 12 at 10 kHz repetition rate and 5-16 ns pulse duration.
At 1 kHz and 5 ns up to 420 mJ pulse energy can be achieved. The pro-
totypes are fully computer controlled and can be operated from 0 to 100
% output power and single shot to 10 kHz. They are currently operated
for plasma creation in a laboratory surrounding and have run for more
than one thousand hours without failure up to now.

An analytical solution of thermally induced refractive index profile in de-
pendency of the pump light distribution including the effect of thermally
induced birefringence, temperature dependency of the thermal conduc-
tivity and the thermal dependency of the refractive (d2n/dT2) has been
derived, allowing a fast calculation of thermally induced aberrations with-
out the use of FEA. Experimental results are compared to predictions
from analytical and FEA modeling. Based on experimental and theoreti-
cal results, scaling limits of rod based MOPAs are predicted.
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6100-34, Session 9
Power-scaling in re-imaging waveguide lasers

I. T. McKinnie, Coherent Technologies, Inc.; B. Callicoatt,
National Institute of Standards and Technology; C. S. Wood, J.
Koroshetz, J. R. Unternahrer, M. Tartaglia, S. Christensen, O.
Koski, M. Hinckley, M. J. Bellanca, E. Schneider, D. D. Smith,
Coherent Technologies, Inc.

Bulk rod, slab and disk solid-state lasers have gained widespread accep-
tance for use in a broad range of applications in industry, scientific re-
search, medicine and engineering. However the size, weight and prime
power requirements of these lasers preclude their use on many mobile
air, sea and space-borne platforms. Fiber lasers have potential to ad-
dress some of these applications, but the geometry of the fiber gain me-
dium severely limits power-scaling for pulsed formats and for narrowband
operation.

Re-Imaging (or self-imaging) waveguide (WG) technology offers the high
efficiency and brightness of a fiber laser, combined with the higher pulse
energies available from bulk laser. The large aperture of the waveguide is
typically 10000x the entrance aperture of a fiber and length is much shorter,
enabling considerable single-frequency power-scaling and pulse-energy
scaling potentially to >200 mJ per WG. The re-imaging process - analo-
gous to free-space Talbot Imaging - retains diffraction-limited beam qual-
ity despite the large aperture. Additional advantages include: a thermally
robust geometry with highly effective cooling through two large-area sur-
faces, leading to a 1-D temperature profile with minimal stress birefrin-
gence; polarization-maintenance; and a very simple and efficient pump-
ing scheme. The WG architecture also has the advantage of being ge-
neric and flexible for a variety of different gain media.

The paper will report on our recent demonstrations of: single-frequency
average power-scaling to ~ 200W and peak power-scaling to ~ 40MW in
1ns-class pulses. Further power-scaling to multi-kW lasers and phased
arrays will be discussed.

6100-35, Session 9

Improving the beam quality of a high power
Yb:YAG rod laser

D. G. Harris, F. Patel, C. Turner, Jr., The Boeing Co.

An approach to improving the beam quality (BQ) of rod lasers configured
with a stable resonator is described. The objective has been to under-
stand the issues relating resonator mode size, laser rod diameter and
materials to obtain good beam quality at high powers. A diffractive optics
model of the bare cavity was developed which allowed insight into beam
quality considerations. Additionally, a demonstration of mode control to
improve laser performance was also an objective.

An investigation has been made of scaling issues of a kilowatt class
Yb:YAG rod laser which is of a robust and compact design. It is of interest
to understand the issues and limitations which will allow this architecture
to scale to high powers while retaining good beam quality. Diode Pumped
Solid State Lasers (DPSSLs) offer compact efficient high power sources
of laser radiation, but have been limited to power levels of a few hundred
watts with good (M2 ~ 2) beam quality. To date in order to obtain good
beam quality at higher powers has required nonlinear optical techniques
such as SBS phase conjugation. An approach that will provide good beam
quality with an uncomplicated design is very appealing.

It is desired to keep the resonator design simple, effective and in concert
with the robust yet simple philosophy of the architecture, and without
requiring complex additions to the architecture. Yb:YAG was chosen be-
cause of its low quantum defect translating to higher quantum efficiency
and less heat deposited into the host as compared to Nd:YAG. The quasi
three level nature of Yb does, however, require high pump rates to achieve
transparency of the medium.

The laser is an end pumped Yb3+:YAG system that has been described
elsewhere1. The thermally induced birefringence compensation is achieved
using a dual rod stable cavity configuration with a quartz optical rotator

located between the rods2. The rotator has the effect of changing the
polarization and making the resonator symmetrical. The rods are end
pumped by diode arrays. The diode pumping radiation is transferred to
the rods by hollow lensducts; at the entrance to the lensduct is a focusing
lens which focuses most of the radiation into the laser rod. The lensduct
captures that pumping radiation escaping from the optical system and
redirects it into the rod. Once the pumping rays enter the 2mm diameter
Yb:YAG rod, they uniformly fill the cross section and propagate down the
5 cm length by total internal reflection.

Interferometric measurements of the medium during lasing conditions
determined that aberrations limitations to BQ. The experiments measured
the severity of the aberrations and the Zernike coefficients were deter-
mined. A simple model provided some insight into the operation of the
laser.

A larger mode volume and more extraction of laser power while retaining
good beam quality can be achieved with a super-Gaussian mode. The
super-Gaussian mode will also reduce the aberrations associated with
mode-medium induced aberrations by extracting with a more uniform flat
top lasing mode. The approach chosen is to have the resonator mode in
the rod be nearly a super-Gaussian, and then determine the mirror speci-
fications.

The designs for the mirror profiles were developed using a diffractive op-
tics model. The approach is to use phase conjugating elements, reflec-
tive rather than transmissive, to define the preferred mode (one with the
lowest losses), in a resonator. In practice, a super-Gaussian beam was
propagated from the center of the cavity to a resonator mirror, where the
conjugate phase was then calculated. From here the mode was propa-
gated back to the center of the cavity and using a Fox-Li analysis; it was
verified to be a low order eigenmode of the resonator. Inputs to the code
consist of optical schematic element parameters, distances, focal lengths,
indices of refraction (N0 and n2-focusing), initial mode (intensity, phase,
wavelength and polarization) and flags for controlling the number round
trip iterations, parametric sensitivities, and plots. The code outputs in-
clude plots/tables of the fields at designated locations, the radial phase
profile of the phase conjugating elements and iteration histories (power
loss, fill factors and phase Strehl).

The mirrors were fabricated and tested. A brightness improvement of more
than 2 was measured.

We wish to acknowledgement the support of the Boeing Company as
well as the Joint Technology Office.
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6100-36, Session 10

High power Q-switched TEM0O mode diode-
pumped solid state lasers with > 30W output
power at 355-nm

C. X. Wang, G. Y. Wang, A. V. Hicks, D. R. Dudley, Y. H. Pang,
N. Hodgson, Coherent, Inc.

Since their first commercial introduction in 1997, diode-pumped Q-
switched Vanadate and YAG lasers with 355 nm output have advanced in
power level and reliability and are now qualified in many industrial pro-
cesses, such as via hole drilling, stereo lithography, wafer scribing and
dicing. At present, average 355nm output powers of up to 20W are com-
mercially available with pulse energies of several 100 micro-Joules and
repetition rates of up to 150 kHz.

In this paper, we report reliable high power UV generation with TEM0O
mode output powers in excess of 30W in Q-switched, end-pumped
Nd:YVO4 and side-pumped Nd:YAG lasers using extra-cavity sum fre-
quency generation in LBO. With a sidepumped dual-rod Nd:YAG rod os-



Conference 6100 Abstracts

cillator and extra-cavity tripling, 32W of 355nm TEMO0O mode output have
been achieved at a repetition rate of 50 kHz. With an end-pumped Vana-
date MOPA configuration, similar 355nm power levels were realized at
repetition rates around 100 kHz. Lifetest results are presented and the
scaling to higher power is discussed.

6100-37, Session 10

High power second and third harmonics
generation of a two stage partially diode end-
pumped Nd:YAG INNOSLAB MOPA System

M. Hofer, J. Lohring, S. Réhrig, J. Luttmann, K. Nicklaus, R.
Wester, D. Hoffmann, R. Poprawe, Fraunhofer-Institut fur
Lasertechnik (Germany)

We report a partially diode end-pumped INNOSLAB based MOPA sys-
tem, consisting of an A/O g-switched Nd:YAG oscillator with a stable-
unstable hybrid resonator design and one amplifier stage. The system
can be operated from 5 to 30 kHz. At 10 kHz the oscillator delivers 60 W
output power. The amplifier is set up in a folded single pass configura-
tion. It delivers a linear polarised output power of 120 W @ 10 kHz with M
< 1.5 and a pulse length of 30 ns. By using a 20 mm LBO crystal, a
second harmonic power of 65 W @ 532 nm with near diffraction limited
beam quality of M < 1.3 is achieved. With an optimised setup for third
harmonics generation the system provides a power of 36 W @ 355 nm at
100 W fundamental power. An excellent beam quality of M < 1.5 was
measured over the whole power range. A comprehensive comparison of
the evaluated experimental data with a developed numerical model for
frequency conversion is presented. Beside aspects like diffraction, walk-
off, time and space depended pulse shape the model considers thermal
effects like thermal dephasing due to absorptions during the conversion
process by using FEA modelling. Temperature distributions are calcu-
lated and compared with experimental data. Applying the numerical model
an improvement of conversion efficiency and further power scaling to the
hundred watt level of the third harmonic is currently under investigation.

6100-38, Session 10
Advances in high power harmonic generation

L. A. Eyres, J. Gregg, J. Morehead, D. J. Richard, W. M.
Grossman, JDS Uniphase Corp.

We report next-generation Q-switched, intracavity-frequency-converted,
diode-side-pumped, Nd:YAG lasers with output powers of > 30 W at 355
nm and > 40 W at 532 nm. In particular, we will discuss design and perfor-
mance of a 532 nm laser having a variable pulse width externally adjust-
able over the range of 40 ns to 300 ns. The laser can also be operated to
generate substantially constant output power at fixed pulsewidth over a
wide range of pulse repetition rates.

6100-39, Session 11

Generation of THz and IR Radiation in DAST
crystals

P. Glnter, ETH Zirich (Switzerland)

Abstract not available.

6100-40, Session 11

100 Terawatt laser based on optical parametric
amplification in DKDP crystal

E. A. Khazanov, V. V. Lozhkarey, V. Ginzburg, E. Katin, A.
Kirsanov, G. Luchinin, A. Mal’shakov, M. Martyanov, O. V.
Palashov, A. K. Poteomkin, A. M. Sergeey, G. |. Freidman, A.
Shaikin, I. V. Yakovley, Institute of Applied Physics (Russia)

The problem of creating optical parametric chirped pulse amplifiers
(OPCPA) up to the multiterawatt and petawatt level has been discussed
in literature. Erlier we suggested using non-degenerate parametric ampli-
fication in DKDP crystal and showed that in the DKDP crystal a ultra-
broadband phase matching at the central wavelength of signal radiation
of 910 nm can be achieved, thus making it possible to amplify 10-15 fs
pulses. In this paper we describe the 100-terawatt laser system based on
this architecture.

The system consists of the femtosecond Cr:forsterite master oscillator
(45 fs pulses with 2 nd energy at central wavelength of 1250 nm), original
stretcher that comprises two prisms besides the standard diffraction grat-
ings; three DKDP crystal OPCPA pumped by the second harmonic of
Nd:YLF and Nd:glass lasers and vacuum compressor based on two dif-
fraction gratings and one corner reflector (clear aperture of 110 mm, trans-
mission coefficient 65%.). Energy efficiency of optical parametric ampli-
fier was 27%. Maximum energy of compressed pulses was 10J at 910nm
wave length. Autocorrelation function corresponds to a 72 fs Lorenz pulse
at FWHM. Thus, peak power at the output was 130TW. This value 8 times
exceeds the record level achieved in other OPCPA lasers.

Calculations show that one more optical parametric amplifier with an ap-
erture of 200-300mm and pump pulse energy of 1-2 kd at 527 nm is
needed to have the multipetawatt power. Currently work is being done to
create a multipetawatt laser source.

6100-41, Session 11

New wavelengths generated by BaWO4 or KGW
intracavity Raman laser

H. Jelnkova, J. éulc, M. Nemec, Czech Technical Univ. in
Prague (Czech Republic); J. K. Jabczynski, W. Zendzian,
Wojskowa Akademia Techniczna (Poland)

We report on the generation of the new infrared laser wavelengths (1175
nm, 1196 nm, and 1199 nm) based on the intracavity Raman conversion
of the Nd:YAP laser radiation (1079.6 nm). Barium tungstate (BawO4)
and potassium gadolinium tungstate (KGW) crystals were used as solid
state Raman converters. The laser was based on three mirror linear cavity
forming resonator for fundamental (resonator lengths 126 mm) and Raman
(resonator lengths 35 mm) radiation generation. As a active laser crystal
Nd:YAP in the form of Brewster angle trigonal slab was used. This shape
of the active medium allows constructing the simple linear laser cavity.
For pumping of this crystal the QCW fast-axis collimated laser diode was
used. To obtain high peak power in fundamental radiation the Cr3+:YAG
crystal was used for Q-switching. Raman laser was optimised for maxi-
mal output energy at the first Stokes wavelength. The stable output was
reached for both Raman crystals. In the case of BaWO4 crystal the out-
put pulse (energy ~165 ud, length of pulse 1.7 ns) with the wavelength
1199 nm was generated. The Raman generated wavelengths in the case
of KGW crystal were 1175.6 nm and 1195.7 nm, depending on the orien-
tation of the crystal inside the resonator. The output energy in generated
pulse with the length ~1 ns (FWHM) was ~90 uJ for both orientations. The
beam output structure was close to fundamental mode with the diver-
gence ~ 3 mrad. The efficient second harmonic generation giving possi-
bility of new wavelengths generation in visible region was demonstrated.

6100-42, Session 11

Characterization of RTP crystals for electro-
optic and non-linear applications

H. Albrecht, M. A. Herrmann, D. Lupinski, Cristal Laser SA
(France)

The aim of this work is to introduce the RTP material (a KTP isotype) and
point out its main fields of application for solid-state lasers.

First, we’ll address its use as an electro-optical modulator (for Q-switches
or pulse-picking applications). A set of measurements performed in house
(transmission, extinction ratio, half-wave voltage, damage threshold, life-
time) along with the comparison with other relevant data of other E-O
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materials show that RTP crystals offer the best compromise in most cases.

Then, in order to give a full scope of RTP’s possible applications in solid-
state lasers, we’ll also present an overview of non-linear interactions
achieved with RTP up to date. The described experiments include: fre-
quency-doubling at 1064 and 1123 nm, frequency mixing resulting in a
628-nm wavelength, and an eye-safe OPO pumped at 1064 nm. The study
reviews performance figures of adequately cut RTP crystals (efficiency,
tolerances, walk-off, damage threshold) and compares them with other
suitable non-linear materials.

In addition, we’ll present precise bulk RTP absorption data obtained thanks
to the Photothermal Common-path Interferometer. These measurements
are performed for various crystallographic orientations and are of interest
for both electro-optical and non-linear applications.

All our data will be summarized in an easy-to-read table to help the user
make the best choice.

6100-43, Session 12

Review of solid-state lasers for space
applications (Tutorial)

R. S. Afzal, Spectra Systems Corp.

The development history of solid-state lasers for space applications will
be reviewed. Examples of flight lasers will be discussed with an empha-
sis on the evolution of design and performance.

6100-45, Session 12

Space qualification issues in AcoustoOptic
Tunable Filter (AOTF) based spectrometers

S. B. Trivedi, J. I. Soos, F. Jin, S. Kutcher, Brimrose Corp. of
America; N. S. Prasad, NASA Langley Research Ctr.

For space qualificaiton, an AOTF-based spectrometer must be capable
of withstanding extended operation while enduring environmental ex-
tremes. Such extremes include the presence of vibration and g-forces,
temperatures ranging from cryogenic to 120+0C, temperature cycling,
and radiation exposure. The AOTF consists of mechanical fixtures and
opto-mechanical parts (transducer bonding and AOTF crystal), electronic
components (RF driver, impedance matching circuit, and detection sys-
tem) and optical components (crystals, lenses, transmission and receiv-
ing optics). In space, the mechanical components of a system are vulner-
able to high g-forces and temperature effects (i.e. dimensional changes);
while both the electrical and optical components are subject to tempera-
ture and radiation effects. Based on our experience in the development
of AOTF-based instrumentation and exposure to space qualification is-
sues, we will discuss the manufacturing and packaging issues for the
AOTF spectrometer as they relate to space qualification.

AOTF spectrometers have several advantages over traditional grating-
based spectrometers. An AOTF is an all solid-state tunable filter with no
moving parts and is therefore immune to orientation changes or even
severe mechanical shock and vibrations. The AOTF is a high throughput
and high speed programmable device capable of randomly accessing
thousands of precise wavelengths in less than a second, making it an
excellent tool for in-situ NIR spectroscopy. Brimrose has recently devel-
oped a novel transducer mounting technique that enables the AOTF spec-
trometer to operate at cryogenic temperature and under temperature cy-
cling conditions. Thus, AOTF spectrometers are well suited for applica-
tions involving space exploration due to their ruggedness, tunability and
absence of moving parts.

6100-46, Session 12

Qualification of the laser transmitter for the
CALIPSO aerosol lidar mission

F. E. Hovis, Fibertek, Inc.

Space-based missions impose a unique set of requirements on laser de-
signs. We will review the issues encountered and lessons learned during
the qualification of the laser transmitter for the CALIPSO aerosol lidar
mission. From our experience during the design, build, and qualification
of the laser we developed a set of guidelines for designing and building
future space-based lasers. These guidelines are listed and briefly described
below.

1. Use mature laser technologies - It is always tempting to insert the new-
est laser technology into space-based lidar missions. Unfortunately, the
cost and schedule constraints of a space-based lidar mission coupled
with the logistic complications of any “routine” space mission provide
ample opportunities for failure without even introducing a significant tech-
nology risk component.

2. Use validated contamination control procedures - The evolution of con-
taminants in an optical compartment is one of the major long term failure
mechanisms in space-based lasers. It is critical to first identify materials
that have a higher risk of causing contamination induced optical damage
and then to develop processes that eliminate these contaminants.

3. Operate all optical components at appropriately de-rated levels - Der-
ating guidelines for the electrical and mechanical components of space
hardware are well established. Similar guidelines for the derating of opti-
cal components of lasers are not available. We made a first attempt at
establishing such guidelines based on our CALIPSO laser transmitter
experience. The laser diodes used to pump the Nd:YAG gain medium
were run at peak optical powers de-rated by ~25% of their design values.
The power density in the Nd:YAG slab is 1/3 the damage threshold. For
all other optics the average fluence/damage threshold ratio is <1/4.

4) Use alignment insensitive resonator designs - The raw boresight re-
quirement for the laser in the CALIPSO mission was >100 urad. For many
traditional laser resonators, a 100 urad misalignment would cause a sig-
nificant power drop. By using a laser resonator design that tolerates
misalignments over 100 urad, we reduced the risk of failure due to unex-
pected launch events.

5) Budget properly for the space-qualification of the electronics and soft-
ware - Although the design and qualification of the required electronics is
in principle straight forward, the implementation of those designs in space-
qualified versions can take mush longer and be much more expensive
than even ground based military systems. The development and qualifi-
cation of software for use in space can be a surprisingly long and costly
process.

6100-70, Session 12

Qualification and issues with space flight laser
systems and components

M. N. Ott, D. B. Coyle, NASA Goddard Space Flight Ctr.; J. S.
Canham, Swales Aerospace; H. W. Leidecker, Jr., NASA
Goddard Space Flight Cir.

Issues for developing flight quality solid state laser systems are still nu-
merous, 34 years after the Apollo 15 flashlamp pumped Ruby Lunar Lander
laser altimeter. The largest issue currently is the limited supply of high
power diode arrays. Since Spectra Diode Labs ended their involvement
in the pulsed array business in the late 1990’s, there has been a flurry of
activity from other manufacturers, but nothing focused on flight quality
production. The focus now, inevitably, is on the usage of commercial parts
to enable space flight designs.

System level issues such as power cycling, operational derating, duty
cycle, and contamination risks to other laser components are among the
issues that must be pursued for increased laser transmitter reliability.
Designs and processes can be formulated for the system and the com-
ponents (including thorough modeling) to mitigate risk based on the known
failures modes and lessons learned that GSFC has collected over the
past ten years of space flight operation of lasers.

In addition, knowledge of the potential failure modes related to the sys-
tem and the components themselves can allow the qualification testing
to be done in an efficient yet, effective manner. Careful designs of test
plans with physics of failure knowledge, will enable cost effect qualifica-
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tion of commercial technology. Presented here will be lessons learned
from space flight experience, knowledge of potential failure modes, miti-
gation techniques, and testing options to best test a system for these
failure modes from the system level to the component level.

6100-73, Session 12

Qualification of fiber lasers for space
applications

S. T. Hendow, S. E. Falvey, B. E. Nelson, Northrop Grumman
Corp.

There are many applications where fibers are employed in space, such as
fiber gyros and fiber sensors. Fiber lasers are becoming increasingly at-
tractive for space for similar reasons, which are lightweight, small size
and low power consumption. The majority of components used in such
systems are commercial off-the-shelf parts that have been developed
using technologies similar to those used in the development of parts for
the fiber telecom market. Space however has environmental conditions
that require further hardening of these parts. Accordingly, a generic quali-
fication protocol is suggested for qualifying generic parts for space flight.
This protocol is based on merging the qualification requirements for
telecom, such as those by Telcordia, with the qualification for spaceflight,
such as by NASA. A set of components (at 1064 nm) is chosen for testing
the protocol. These include doped fibers, combiners, sources, pumps,
isolators and fiber Bragg gratings. The scope of the vibration, thermal
and radiation tests used to validate the protocol is limited to the environ-
mental conditions of lower Earth orbit satellites, 100 to 1000km orbital
altitude and up to 60 degrees inclination. Also presented in this paper is a
summary of a thorough survey conducted for publications related to space
qualification of fibers and lasers for space.

This project is sponsored by the USAF Materiel Command, AFRL, Kirtland
AFB with Jackson and Tull as the Prime Contractor, under contract num-
ber F29601-01-D-0078.

6100-48, Session 13

Stable, tunable solid-state laser sources for
airborne and space-based laser radar
applications

C. P. Hale, J. W. Hobbs, E. C. Andrews, M. W. Phillips, Coherent
Technologies, Inc.

In recent years as laser remote sensing technologies have matured and
operating environment demands have accelerated, the design and de-
velopment of more environmentally robust laser sources has increased in
importance. In many instances (e.g. coherent laser radar), single frequency
operation in the presence of severe vibration, shock, and temperature
change is necessary, as is small size, low power draw, and in many appli-
cations, eyesafe operating wavelength. Often such architectures utilize
injection-seeding techniques to actively control the spectra of larger and
higher power pulsed transmitter lasers, and special servos are required
for operation in these harsh environments. In certain airborne and space-
based coherent-detection applications, very large (multi-GHz) platform-
induced Doppler shifts must be compensated for in order to lower the
detection bandwidth of the instrument to practical values; robust tech-
niques must be developed for actively offset-locking of individual master
and local oscillator sources to produce the proper compensation. Other
techniques under development require extraordinarily high frequency sta-
bility and very fast frequency tuning capability, combined in the same
laser source. In this paper we review Coherent Technologie’s efforts in
these areas over the past decade and provide some insight into our ap-
proaches to solving these difficult laser and laser remote sensing prob-
lems. We will describe the environmentally-hardened METEOR laser and
associated tests that we have subjected these lasers to, as well as space-
qualifiable active offset-locking of two eyesafe METEORs to multi-GHz
offsets and sub-kHz accuracy. We will summarize our current activities in
these areas and likely future requirements.

Acknowledgements: Many agencies and sponsors have supported these
efforts over the past decade. Specifically, the authors acknowledge the
support of M.J. Kavaya (NASA Langley and previously, NASA Marshall),
R. Richmond and M. Dierking (AFRL), and R. Menzies (NASA JPL).

6100-49, Session 13

Performance of the GLAS laser transmitter
R. S. Afzal, Spectra Systems Corp.

The design and operating performance of the GLAS laser transmitters
currently orbiting on the ICESat satellite will be presented. The laser per-
formance in the context of an integral component in laser altimeter and
LIDAR will be discussed.

6100-50, Session 13

Flight hardening of laser systems
K. Dinndorff, BAE Systems

Laser failure mechanisms and flight hardening techniques will be dis-
cussed. Practical examples will be presented.

6100-71, Session 13

High efficiency, passively Q-switched Nd:YAG
MOPA for spaceborne laser-altimetry

D. Kracht, S. Hahn, J. Neumann, R. Wilhelm, M. Frede, Laser
Zentrum Hannover eV (Germany); P. Peuser, European
Aeronautic Defence and Space Co. (Germany)

For the spaceborne laser-altimeter (BELA) of ESA’'s BepiColombo mis-
sion a master-oscillator-power-amplifier system (MOPA) is presented. The
specified system-requirement is a pulsed laser source with a nearly dif-
fraction limited beam (M < 1.6) that combines high pulse energy of about
50 mJ at less than 10 ns pulsewidth and up to 20 Hz pulse repetition rate
with the stringent environmental conditions at space missions. A low-
mass (< 1.3 kg) and high optical-to-optical efficiency (> 15 %) laser setup
is required. Stable operation at a temperature range of at least 25 K for
the MOPA system and 15 K for the pump diodes has to be guaranteed.

Both oscillator and amplifiers are longitudinally pumped by fiber coupled
QCW laser diodes. The performance of a longitudinal pumped system is,
because of the longer absorption path, less sensitive to pump wavelength
variations due to temperature changes of the laser pump diodes. The
pump-pulse duration of 200 us represents as a trade-off between output
energy and efficiency of the whole system.

The Nd:YAG oscillator was passively Q-switched with Cr4+:YAG crystal
as a saturable absorber. With 100 W of peak pump power a nearly diffrac-
tion limited (M *1.2) laser pulse with a duration of 2.8 ns and a pulse
energy of 2.4 mJ was generated. The output beam of the oscillator was
amplified in a two stage amplifier. A maximum of 62 mJ pulse energy was
achieved by pumping each crystal with a peak pump power of 600 W.

6100-51, Session 14

High-power solid-state sodium laser guidestar
for the Gemini North Observatory

A. J. Tracy, A. K. Hankla, C. A. Lopez, D. C. Sadighi, . T.
McKinnie, Coherent Technologies, Inc.; C. d’Orgeville, M. P.
Sheehan, Gemini Observatory; D. J. Bamford, Physical
Sciences, Inc.; S. J. Sharpe, D. J. Cook, Physical Sciences Inc.

We report on the first commercial solid-state sodium laser guidestar sys-
tem (LGS). The LGS developed at CTl was recently delivered to Gemini.
The laser is a single beacon system that implements a novel laser archi-
tecture and represents a critical step towards addressing the need of the
astronomy and military adaptive optics (AO) communities for a robust
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turn-key commercial LGS. The laser was installed on the center section
of the 8 m Gemini North telescope, with the output beam relayed to a
launch telescope located behind the 1m diameter secondary mirror. The
laser routinely generates 12 W average power with M2 < 1.2. A wave-
length locking system maintains lock to the D2 line at +/- 100 MHz.

The laser architecture is based on cw mode-locked solid-state lasers.
The mode-locked format enables more efficient SFG conversion, and dis-
penses with complex resonant intensity enhancement systems and in-
jection-locking electronics. The linearly-polarized, near-diffraction-limited,
modelocked 1319 nm and 1064 nm pulses are generated in separate
dual-head diode-pumped resonators. The two IR pulses are input into a
single-stage, 20 mm PPSLT sum-frequency generation (SFG) crystal pro-
vided by Physical Science, Inc. Visible (589 nm) power of >16 W have
been generated, representing a conversion efficiency of 40%.

6100-52, Session 14

Optical extraction from Nd:YAG lasers with ASE
gain depumping losses
D. A. Copeland, The Boeing Co.

Optical extraction characteristics of cw solid-state lasers with amplified
spontaneous emission (ASE) gain depumping losses are solved exactly
and using first-order perturbation theory. The model includes gain
depumping losses by ASE and saturation with pump rate and assumes
that the medium is homogeneously-broadened. The rate equations de-
scribing the spatial growth of the intracavity intensities for a stable optical
resonator are summarized, the threshold lasing condition is derived, and
the optical extraction efficiency determined for medium parameters ap-
propriate to high gain Nd:YAG lasers. Comparisons with the simple, uni-
form intracavity intensity model show the latter is not always a good ap-
proximation. The well-established empirical critera that the gain-length
product satisfy gL < 2-4 to limit ASE power losses is shown to be a con-
sequence of a constraint arising to ensure the validity of a perturbation
solution of the stable resonator model and its upper limit is shown to be
determined by the spectroscopic and lifetime parameters of the gain
media.

6100-53, Session 14

Comparative performance of passively Q-
switched diode-pumped Yb:GGG, Yb:YAG, and
Yb-doped tungstates lasers using Cr4+ -doped
garnets

Y. Y. Kalisky, Nuclear Research Ctr. Negev (Israel); G. Boulon,
Univ. Claude Bernard Lyon 1 (France); O. Kalisky, Jerusalem
College of Technology (Israel)

We investigated the CW free-running and repetitive modulation in the kHz
frequency domain of a passively Q-switched, diode-pumped Yb:YAG,
Yb:GGG and Yb:KYW lasers, by using Cr4+:YAG as a saturable absorber.
The results presented here are focused towards the design of a passively
Q-switched Yb doped garnets or Yb doped tungstates microlaser. The
free-running performance of Yb:YAG, Yb:GGG , Yb:KGW and Yb:KYW
were characterized, and experimental parameters such as gain and loss
were evaluated. We carried out a fit between our experimental results and
an existing numerical model, which relates the experimental and the physi-
cal parameters of the ytterbium diode-pumped system to the minimal
threshold pumping power. The best performance among the laser crys-
tals was obtained for Yb:YAG laser. A maximum peak power of 4.5-kW, at
an average output power of 1.32-W, were extracted with of 25 % extrac-
tion efficiency.

6100-54, Session 14

High-power Q-switched rotary disk lasers
S. Basu, Sparkle Optics Corp.

Rotary disk laser™ has a very efficient thermal management approach
that uses physical motion of the gain medium in a diode-pumped solid
state laser. The benefits of rotary disk lasers over conventional bulk solid
state lasers are high efficiency, power scalability and high peak power
pulsed operation in a single-mode output beam. In the first test, we have
generated 28.2 W of Q-switched power at 109.4 kHz in 65 ns pulses with
1.05 times diffraction limited beam quality. We will present power scaling
results of the Q-switched rotary disk laser.

6100-55, Session 14

Tailoring the performance of solid state lasers:
why and how

S. Geiger, Bavarian Photonics GmbH (Germany)

Diode-pumped g-switched lasers now enable a very diverse array of pre-
cision materials-processing applications. An important key to the ongo-
ing market growth and applications diversification is the development of
lasers whose performance is optimally tailored to meet the needs of spe-
cific applications. For example, long output pulses are preferable for soft
wafer marking, whereas short pulses are desirable for solar cell scribing
and creating gray-scale pictures for passports and other personal iden-
tity applications.

The pulsewidth and overall output power are interdependent performance
characteristics determined by laser design parameters such as resonator
length, repetition rate, and pumping intensity. This interdependence leads
to trade-offs when optimizing the laser performance. These trade-offs
can be somewhat mitigated by selecting a laser material with higher or
lower emission cross-section. In this articles we compare and contrast
the performance and design of a Nd:YAG laser optimized for long pulse
output and a Nd:YVO4 laser optimized for short pulse output and high
pulse repetition rates. This performance comparison is discussed in the
context of specific applications for these lasers.

6100-74, Session 14

Diode pumped pulsed solid state MOPA-systems
with high brilliance for remote sensing
applications

M. Ostermeyer, Univ. Potsdam (Germany)

We are in the process of realizing a diode pumped solid state laser sys-
tem emitting ns-pulses with duration between 10-100 ns delivering 400
W of average output power at 1 um wavelength. Laser heads for side
pumped and side cooled rods are used. As a first step on this path a
Nd:YAG MOPA system delivering 100W with pulse energies of up to 0.5 J
and an M2 < 2.1 was realized. This system was running single frequency
and was frequency stabilized with a Pound-Drever-Hall related scheme
with 2 MHz stability.

In the process of reaching our final specifications different options for the
laser material are evaluated. Core doped Nd:YAG ceramic rods offer in-
teresting options for side pumped lasers. Double pass MOPA arrange-
ments utilizing these rods with and without phase conjugation have been
realized and investigated.

Also we have been evaluating Yb:YAG as material for high power high
energy ns-pulsed laser systems. The ramifications are discussed.
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6100-77, Session 14

Saturable absorbed Er:YAG Q-switched laser
with short pulse

V. Leyva, K. Spariosu, R. D. Stultz, Raytheon Co.

We demonstrate a passively Q switched Er:YAG laser with 5nsec pulse
widths using Cr2+:ZnSe as a saturable absorber. Over 1 Watt of output
power is achieved with multi kilohertz pulse repetition rates. The laser is
resonantly pumped with a 1534nm fiber laser and uses a micro slab de-
sign which allows for efficient all solid state cooling and efficient laser
operation of the 2% erbium doped YAG material.

6100-56, Poster Session
Modeling a diode pumped Nd: YAG rod laser

H. Shu, Y. Chen, M. A. Bass, College of Optics and Photonics/
Univ. of Central Florida; M. A. Acharekar, Sensors World, Inc.

We calculated the performance potential of a diode pumped Nd: YAG rod
laser, including the absorbed pump distribution, optical distortions in the
rod such as the pump induced thermal lensing, gain medium surface dis-
tortion and birefringence, the laser beam propagation in the optically dis-
torted Nd: YAG rod and the free space part of the cavity, and eventually
the output laser beam. The absorbed pump distribution was calculated
using ASAP, the pump induced thermal lensing and change of dielectric
tensor were calculated using FEMLAB, the laser beam propagation was
calculated with a computational scheme we developed which employs
the beam propagation method combined with sparse matrix technology.
We propose a special cavity design, which can select the spatial eigen
mode shape of a laser cavity and simultaneously compensate the pump
induced thermal lensing, gain medium surface distortion and birefringence.
We applied this special cavity design to the considered Nd: YAG rod la-
ser, and the converged solutions calculated with our computational model
give both high extraction efficiency and good beam quality for the output.
We also analyzed the sensitivity of the output beam to mirror tilt, thermal
induced mirror distortion, and some errors in the cavity length or the op-
tical distortions in the rod. : The computational model was developed
with sponsorship from DARPA Contract No. HR 00110410002 and AFOSR
Contract No. FA9550051005.

6100-59, Poster Session

Cryogenic Faraday isolator for high average
power lasers

D. S. Zheleznov, |. B. Mukhin, O. V. Palashov, A. V. Voitovich, E.
A. Khazanoy, Institute of Applied Physics (Russia)

Reducing of thermal effects in magneto-optical elements of the Faraday
isolators is an actual problem nowadays. These effects caused by the
beam absorption are depolarization and wavefront distortions (thermal
lens). In this paper we discuss the possibility to decrease such perversion
by cooling the Faraday isolator to nitric temperature. It is known that Verde
constant and the magnetic field of permanent magnets rise with the cool-
ing. This effect permits to shorten the magneto-optical medium, with the
value of Faraday angle conservation, so that geometrically the element
will be a thin disk, which offers a number of advantages over a cylinder.
Moreover, we have shown that thermo-optical property of Terbium Gal-
lium Garnet (TGG) crystal and magneto-optical glasses are much better
at cryogenic temperatures.

Experimental dependences of depolarization, thermal lens, Verde con-
stant and magnetic field on temperature were measured. Depolarization
ratio decreased by a factor of 8, thermal lens optical power - 2.7, Verde
constant and the magnetic field rised correspondingly by a factor of 3.5
and 1.14. Changing geometry of the magneto-active element to the thin
disk, when disk-thickness-to-beam-radius ratio is 0.3, with cooling through
the ends by sapphire window gives 6-fold depolarization lessening. Thus,
experimental results obtained at 91 K allow to rise the laser power by a
factor of 28 with the same isolation ratio. It is expected, that at 77 K

temperature the laser power will increase by a factor of 47 providing an
effective isolation at average powers of tens of kilowatts. A design of the
cryogenic Faraday isolator prototype is discussed.

6100-60, Poster Session

Diode-end-pumped actively and passively Q-
switched Nd:GdVO4 lasers at 1.34 mm

C. Du, S. Ruan, Y. Yu, Shenzhen Univ. (China)

High-power diode-pumped solid-state lasers (DPSSL) operating in the
1.3-mm spectral region have wide applications in the fields of medical
treatment, optical fiber communication, and efficient production of red
radiation by frequency doubling. Recently, we report a 13.3-W laser-di-
ode-array end-pumped 0.3 at.% Nd:GdVO4 continuous-wave laser op-
erating at 1.34 mm.

Short-pulse lasers at 1.3 mm have many important applications such as
fiber sensing, efficient generation of red laser, and intracavity Raman con-
version to the 1.5-mm eye-safe spectral region. So in this paper, we re-
port short-pulse generation at 1.34 mm with diode-end-pumped actively
and passively Q-switched Nd:GdVO4 lasers.

For acousto-optical Q-switched operation in a plano-concave resonator,
when the transmission of output coupler was 17.1%, the maximum aver-
age output power, the highest pulse energy, the shortest pulse width and
the highest peak power were obtained to be 4.54 W, 223 mJ, 19 ns and
11.75 kW, respectively.

For passively Q-switched operation with an uncoated 0.5at.%
Co:LaMgAI11019 crystal as the saturable absorber in a three-mirror-folded
resonator, the maximum average output power, the highest pulse energy,
the shortest pulse width and the highest peak power were obtained to be
500 mW, 25.5 mJ, 160 ns and 150 W, respectively. We believe that the
pulsed laser performance can be improved significantly with the AR coated
Co:LaMgAI11019 crystal and optimum laser resonator in future experi-
ments.

6100-61, Poster Session
Novel laser range finding algorithms
J. Chen, Chung-Hua Univ. (Taiwan)

Novel laser range finding algorithms of single modulation frequency, two-
fold modulation frequencies, multiple modulation frequencies as well as
arbitrary modulation frequencies have been developed. The laser range
finders are capable of measure up to hundred meters in distance, with
accuracy of 1 mm.

We have developed series of laser range finding algorithms that are single
modulation frequency, twofold modulation frequencies, multiple modula-
tion frequencies as well as arbitrary modulation frequencies.

In the single modulation frequency ranging, the dynamic range is limited
by the phase resolution, and it is difficult to increase to the high value
practically. A fixed twofold modulation frequencies ranging can use the
low frequency to generate longer ranging distance while simultaneously
use high frequency to obtain high resolution. Yet, the variable multiple
modulation frequencies can enhance us to meet better ranging distance
and most suitable resolution. Moreover, the arbitrary modulation frequen-
cies ranging can give us much better design flexibility and cheaper hard-
ware cost.

We will present the theories, analysis, and the verifications of all the above
algorithms.

6100-62, Poster Session

Improvement of output power dynamic range of
unsymmetric Nd:YAG laser with unstable laser
mirror configuration

H. S. Kim Ill, Chosun Univ. (South Korea)
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We numerically investigate the characteristic of single Nd:YAG rod laser
for the various resonator parameters in order to get the best condition for
the wide output power dynamic range with a good beam quality and a
high power. The beam quality is analyzed with ABCD matrixes including
the thermal characteristic of Nd:YAG rod. The analysis is focused on sta-
bility, MA2, beam waist and mode-volume of laser beam inside resonator.
We find that the best conditions are obtained when the resonator mirrors
are configured to the unstable resonator type such as convex-plan reso-
nator. For the convex-plan resonator, the optimum configuration is ob-
tained when a laser rod is set at near the curved laser mirror. And the
results show that the dynamic range can be shifted toward the high out-
put power region without any reduction of the range width by varying the
laser mirror curvature of the convex-plan resonator

6100-63, Poster Session

Investigation of the characteristic of InGaAs
single quantum well semiconductor saturable
absorber mirror for passive mode-locking for
Yb:YAG laser

H. S. Kim, J. Kim, J. Park, Chosun Univ. (South Korea)

We numerically investigate InGaAs single quantum well semiconductor
saturable absorber mirror (SESAM) for a passive mode-locking for Yb:YAG
laser. Investigated SESAM has the structure consisting of single quantum
well and Bragg layers and protection layers against optical damage. To
determine the design parameters, we calculate the field distribution in-
side SESAM and As-ion implantation energy for the various conditions.
We choose In_(x)Ga_(1-x)As as a material of SQW of which band gap
energy can be near lasing wavelength of Yb:YAG laser. And to determine
the In-fraction of In_(x)Ga_(1-x)As, we do the simple estimation. The re-
sults show that In-fraction of the fabricated SQW is approximately 0.24
~0.28. SESAM grown by MOCVD should be implanted by As ion to have
short recovery times. Hence we calculate As-ion implantation energy with
which the ion concentration can maximize at the position of SQW. With
the help of the numerical results, we design and fabricate InGaAs single
quantum well semiconductor saturable absorber mirror (SESAM) for
Yb:YAG laser.

6100-64, Poster Session

Side-pumped Neodymium slab lasers Q-
switched by V:YAG on 1.3 um

J. K. Jabczyriski, W. Zendzian, J. Kwiatkowski, Wojskowa
Akademia Techniczna (Poland); J. Sulc, M. Nemec, H. Jelinkov,
Czech Technical Univ. in Prague (Czech Republic)

Nd:YAG and Nd:YAP crystals in form of triangle which makes possible to
realize a slab side-pumped configuration with one total internal reflection
were tested as an active medium for diode-pumped laser. The resonator
arrangements for Q-switched regime were prepared for the emission cor-
responding to Nd3* ion transition 5 ,, — l,5,, referring to each crystal
(A =1318 nm Nd:YAG and A = 1342 nm Nd:YAP). Optical pumping was
accomplished by a fast axis collimated quasi-cw diode DILAS E7Y1-808.3-
600Q-H175V with peak power 600 W. Pumping radiation was focused by
two plan-convex lenses into an active medium. The parameters of the
pumping radiation were: wavelength 808 nm, maximum pumping energy
was 150 mJ, pulse length 250 us, repetition rate up to 14 Hz. In free
running regime the maximum reached energy was 24 mJ and 27.5 mJ for
Nd:YAG and Nd:YAP, respectively. The corresponding obtained slope ef-
ficiency was 19.9 % and 23.7 % for Nd:YAG and Nd:YAP laser oscillator,
respectively. Proper Q-switching for 1.3 um was realized with saturable
absorber V:YAG which initial transmission was optimized for shortest
possible pulse length. For that obtained pulses were 6 ns with the ener-
gies 740 uJ and 432 uJ for Nd:YAG and Nd:YAP, respectively. This results
correspond to peak power reached 125 kW (Nd:YAG), and 77 kW (Nd:YAP)
in fundamental TEMg, mode which allows this laser to be used as an
efficient source for further nonlinear conversion or other applications.

6100-65, Poster Session

Lasing properties of new Nd3+-doped tungstate,
molybdate, and fluoride materials under
selective optical pumping

J. éulc, H. Jelinkov, Czech Technical Univ. in Prague (Czech
Republic); T. T. Basiev, M. E. Doroschenko, L. I. Ivleva, V. V.
Osiko, P. G. Zverev, General Physics Institute (Russia)

The purpose of this work was to determine the relative efficiencies of new
Nd?3 *+ -doped laser active/Raman - tungstate, molybdate, and fluoride -
materials (SrWO,, PbWO,, BaWwO,, SrMoQ,, PbMoO,, SrF,, and LaF;
under selective longitudinal optical pumping by the alexandrite ( ~ 75
nm), or diode (~ 800 nm) laser.

Crystals with various length, orientations and active ions concentrations
were tested. To optimize the output of the tested lasers a set of input
dichroic and output dielectric mirrors with different reflectivities were used.
For realized lasers operating at pulsed free-running regime, threshold
energy, slope efficiency, emission wavelength, and radiation polarization
were determined. For each crystal, fluorescence lifetime and absorption
coefficient under given pumping were established. The slope efficiency in
case of Nd?3 *+:PbMo0Q, laser at wavelength 1054 nm was measured to be
54.3% with total efficiency of 46% which is the best result obtained for all
new tested crystals. For Nd® + doped SrwO,, PbWQO,, and BaWO, crys-
tals simultaneous laser and self-Raman emission were demonstrated in
Q-switched regime. Thus newly proposed laser Raman crystals demon-
strate high efficiency for Nd3 * laser oscillations comparable with well
known and widely used KGW:Nd3 * crystal. Further improvement in the
quality of tungstate and molybdate type crystals should result in further
increase in lasing efficiency at 1.06 um wavelength. Self Raman frequency
conversion of Nd® * laser oscillations in these crystals should result in
high efficient pulse shortening, high peak power and new wavelengths in
1.2-1.5 um wavelength region.

6100-66, Poster Session

Experimental method research on kHz, ns
pulsed Nd:YAG laser with diode-end-pumped,
acousto-optic and Cr:YAG passive Q-switched

H. Zhao, The North China Research Institute of Electro-Optics
(China)

We describe experimental research on Kilohertz, ns pulsed Nd:YAG laser
with diode-end-pumped, acousto-optic Q-switched and Cr:YAG passive
Q-switched. Under the condition of 3W diode 2.5kHz pulsed pumped,
7.5ns, 80ud laser output with A-O Q-switched and 4.6ns, 30uJ with Cr:YAG
Q-switched are obtained. Taking into account various parameter such as
distribution of pump power, intracavity photon density, cavity length, turn-
off time of A-O Q-switch, and absorption cross section of Cr:YAG pas-
sive Q-switch, we set up a power-scaling model to optimize and design a
kHz repetition rate, ns pulse width Nd:YAG laser. In experiment, we also
found that the laser beam quality under the condition of Cr:YAG Q-switched
is batter than that of A-O Q-switched, the reason are discussed.

6100-67, Poster Session

Enhancement of blue thulium emission on
Nd:Yb:Tm doped YLF crystals

L. C. Courrol, Faculdade de Tecnologia de Sao Paulo (Brazil); I.
M. Ranieri, L. Gomes, S. L. Baldochi, N. D. Vieira, Jr., Instituto
de Pesquisas Energéticas e Nucleares (Brazil)

Nowadays laser research is widely focused in the development of visible
compact sources. Particularly, blue laser are important in the compact
disc industry, optical storage systems, color displays and in new medical
and dermatological applications (such as tattoo and permanent hair re-
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moval) and in atmospheric and physics research. Solid state lasers are
attractive for most applications because they are rugged, relatively simple
and easy to use. Thulium-doped materials generate blue laser radiation
through the nonlinear conversion of radiation from the infrared into visible
range. The dynamics of up-conversion is explained by taking into ac-
count various cross-relaxation (CR) and excited state absorption (ESA
and ETU) processes. The emissions at 480nm and 450nm can be ob-
served after pumping thulium ions with two or three red or infrared pho-
tons. YLiF4 (YLF) crystals doped with thulium and also co-doped with
ytterbium are well-known as active media that generate stimulated radia-
tion on a number of lines over a wide spectral range from 450nm to
2350nm, upon selective laser and flash lamp pumping. In this work we
studied the optical properties of YLF:Nd:Yb:Tm crystals. YLF crystals were
grown by Czochralski technique and three samples of diferent portions of
crystals were orientated, cut and polished with 2mm thickness. The ab-
sorption spectra at room temperature of the samples in the range 200nm-
1200nm were measured. The emission spectra were obtained by exciting
the samples, with laser diode at 797nm and were analyzed with a 0.5 m
monochromator and a photomultiplier tube. The signal was amplifed with
a lock-in and processed by a computer. A time resolved luminescence
spectroscopy technique was employed to measure the luminescence
decays induced by ultrashort laser excitation to determine the mecha-
nism involved in the energy transfer processes. The results are shown
and importance of the presence of neodymium ions for enhencement of
blue emission in the samples is described.

6100-68, Poster Session

Acousto-optically Q-switched and mode locked
diode pumped Nd:YVO4 laser

J. K. Jabczynski, W. Zendzian, J. Kwiatkowski, Wojskowa
Akademia Techniczna (Poland)

Compact picosecond, high power lasers are needed in several areas such
as micromachining, ophthalmology, metrology etc. A promising method
enabling generation of picosecond pulses trains with energies of a few
microJoules each in a simple resonator involves simultaneous Q-Switch-
ing and Mode Locking (QML). We have demonstrated efficient operation
in the QML regime using an acousto-optic modulator applied in double
role as both an active Q-switch and a mode locker. The pumping beam,
emitted by 20-W laser diode bar equipped with a beam shaper forms the
caustics of 0.8-mm width inside a 0.3-at.% Nd3+ doped 10-mm-long
YVO4 crystal located in close vicinity to the rear flat mirror of the first arm
of a Z-type resonator. The acousto-optic Q-switch with 40.7 MHz radio-
frequency was located near a flat output coupler. The two folding mirrors
were mounted on the translation stages to enable matching the reso-
nance frequency of the cavity to the modulation frequency of acousto-
optic cell. Due to weak prelasing at 40.7 MHz frequency, the Q-switched
pulse train starts to build up from ordered mode locked radiation. The
QML pulses with envelope durations of 100-150 ns and with near 100%
modulation depth were observed for wide range of pump powers and
repetition rates. Above 3 W of output average power, 0.130 mJ of the
envelope energy were achieved, having approximately 5-8 mode locked
pulses. The maximum energy of a single mode locked pulse was about
0.03 mJ with pulse durations well below 1 ns.

6100-69, Poster Session

Mode locked Nd:YVO4 laser with intracavity
synchronously pumped optical parametric
oscillator

A. Zavadilova, V. Kubecek, M. Cech, P. Hirsl, H. Jelinkova,
Czech Technical Univ. in Prague (Czech Republic); J. M. Diels,
The Univ. of New Mexico

The motivation of this work is the development of laser sensor and gyro-
scope based on short pulse solid state ring laser. In comparison with
regular ring laser containing the gain medium and saturable absorber where
counterpropagating pulses overlap, a ring synchronously pumped opti-
cal parametric oscillator in which the pulse crossing point is controlled
externally by the time of arrival of the pump pulses is the ideal source for
short pulse laser sensor. The optimum configuration is a parametric oscil-
lator synchronously pumped inside the optical resonator of the diode
pumped mode-locked solid state laser.

We are developing a such system and as a first step we have demon-
strated operation of a diode pumped Nd:YVO4 laser passively mode-
locked using semiconductor saturable absorber with synchronously
pumped intracavity optical parametric oscillator in linear configuration.
The repetition rate of the pump laser was 133 MHz and pulse duration of
15 ps. Parametric oscillator was based on 20 mm long Brewster cut single
grating (with poling periode of 30.3 um) periodically poled magnesium
doped lithium niobate (MgO:PPLN) crystal. The temperature tuning of
parametric luminescence from the crystal with peak wavelength at 1537
nm - 1550 nm for temperature variation from 30 C to 57 C was observed.
The detailed parameters of the parametric generator will be presented.

6100-75, Poster Session

Optimization of a femtosecond Ti:Sapphire
amplifier using an acousto-optic programmable
dispersive filter, SPIDER and a genetic algorithm

O. Korovyanko, R. Rey-de-Castro, C. Elles, Y. Li, R. A. Crowell,
Argonne National Lab.

An acousto-optic programmable dispersive filter has been used in com-
bination with a genetic algorithm to optimize the output of a Ti:Sapphire
CPA laser. We applied genetic algorithm for second harmonic optimiza-
tion and recorded the evolution of spectral phase, amplitude and tempo-
ral pulse profile is at each step of our algorithm. The prospect of adaptive
control of terawatt laser pulses for ultrafast laser-plasma electron accel-
erator is discussed.

6100-76, Poster Session

Power scaling 1617-nm Er:YAG operation using
narrow bandwidth output coupler

V. Leyva, K. Spariosu, Raytheon Co.

We demonstrate low quantum defect operation with over 6W output power
in an Er:YAG laser operating at 1617nm while pumped with a 1534nm
fiber laser. A narrow bandwidth Volume Bragg Grating (VBG) centered at
1617nm is used as an output coupler. The use of a VBG output coupler
resulted in improved mode spectra and beam quality as compared to
operation at 1645nm without wavelength stabilization. The efficiency and
thermal load of the 1617nm operation is investigated.
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6101A-01, Session 1

Study of dark line resonances with mode-locked
lasers and its applications

L. Arissian, J. M. Diels, The Univ. of New Mexico

Abstract not available.

6101A-04, Session 1

About some new possibilities of increasing the
intrinsic output power of the photon beam: for
definite laser active media

C. l. Isarie, I. V. Isarie, State Univ. of Sibiu (Romania); A. M.

Voineag, Inspectoratul de Invatamant (Romania); D. V. Muntean,
SC. Satroagro SRL Bucuresti (Romania)

Producers and users of laser beam equipment have some wishes as: to

have economic machines, the machines must be as small and light as
possible, the power supply must be also very light and small.

All mentioned desires - and other related with them - may be accom-
plished by an adequate efficiency of laser beam process.

As we know, the first laser began with 2% efficiency. In the process of
time, the efficiency increased progressive, and in this way was possible
after the year 2000 to have laser weapons mounted on jet planes, includ-
ing the power supply.

In a laser system, there are many points where photons are lost. To re-
duce this losses, we must treat with the utmost care all points of the
“chain” where photons could be lost. We mention: the resonance cavity -
inside -, the exit from the resonance cavity, the mirrors and lenses and
also other related factors. Each improvement in one of the mentioned
points could contribute to the general raising of the laser machine effi-
ciency.

Authors were concerned first with some possibilities of increasing the
intrinsic output of the photon beam, for definite laser active media, by
applying some fields inside the resonance cavity. Such fields, character-
ized by nature, energy, frequency and other parameters could influence
positive the efficiency of the photon beam emission.

6101A-10, Session 1

Spinning-disk lasers, computer simulation
A. H. Paxton, Air Force Research Lab.

Abstract not available.

6101A-14, Session 1
Three-mirror laser resonators: revisited
J. R. Leger, Z. Yang, Univ. of Minnesota

Abstract not available.

6101A-78, Session 1
Optical manipulation using extended light fields

P. Reece, V. G. Garcés-Chavez, M. P. MacDonald, K. Dholakia,
Univ. of St. Andrews (United Kingdom)

The single-beam gradient-force optical trap, produced by focusing a la-
ser to a diffraction-limited spot, has long been established as the quint-
essential tool for optical manipulation. From the atomic to the microscopic
scale optical traps have been used extensively where precise, targeted
and non-invasive control of mesoscopic objects is required. Extended
area optical manipulation using patterned light fields, is an emerging field.
It demonstrates the potential for expanding the applications of optical
manipulation and creates an “optical potential energy landscape” in two
and three dimensions. The ability to tailor such an optical landscape can
be used to simultaneously manipulate multiple particles and study both
the dynamics of particles in the optical potential as well as inter particle
interactions. In the following presentation | will discuss some of our re-
cent work on extended area optical manipulation for aggregating, trap-
ping, ordering and sorting with micro-particles’-.
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6101A-05, Session 2

Dispersion compensation in optical parametric
chirped-pulse amplification systems

C. Wang, Y. Leng, X. Liang, B. Zhao, Z. Xu, Shanghai Institute
of Optics and Fine Mechanics (China)

Optical Parametric Chirped-pulse Amplification (OPCPA) Systems are
hybrid systems of optical parametric amplification (OPA) and chirped-
pulse amplification (CPA), which is the dominant technic in ultrashort pulse
amplification. An OPCPA system has a different mechanism from com-
mon CPA systems. It depends on the OPA process to get the pre-ampli-
fication and Ti:Sapphire laser amplification to get the following amplifica-
tion. Therefore it has different inner dispersion from common CPA sys-
tems. The second- and third-order dispersion formula of OPA are pre-
sented to depict the physics picture and simplify analysis. OPCPA sys-
tem needs a grating expander to stretch ultrashort pulses and a conju-
gated grating compressor to recompress the amplified pulses. The com-
bine of grating expander and compressor also introduces phase disper-
sion to the system due to optical aberration. All these phase dispersion
hinder our effort to recompress the amplified pulses to the shortest dura-
tion. The compensation of system dispersion depends on the design of
the expander and the compressor. We design such a system to eliminate
the dispersion up to 4th-order phase. This design is based on our practi-
cal OPCPA system and will give benefit to its optimization. It’s the first
time that the phase dispersion in OPCPA is discussed to our knowledge.

6101A-06, Session 2

Assigning error to an ISO 11146 M2
measurement

T. S. Ross, Air Force Research Lab.

The ISO 11146:1999 standard has been published for 6 years and set
forth the proper way to measure the M2 parameter. In spite of the strong
experimental guidance given by this standard and the many commercial
devices based upon ISO 11146, it is still the custom to quote M2 mea-
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surements without any reference to significant figures or error estimation.
To the author’s knowledge, no commercial M2 measurement device in-
cludes error estimation. There exists, perhaps, a false belief that M2 num-
bers are high precision and of insignificant error. This paradigm causes
program managers and purchasers to over-specify a beam quality pa-
rameter and researchers not to question the accuracy and precision of
their M2 measurements. This paper will examine the experimental sources
of error in an M2 measurement including discretization error, CCD noise,
discrete filter sets, noise equivalent aperture estimation, laser fluctuation
and curve fitting error. These sources of error will be explained in their
experimental context and convenient formula given to properly estimate
error in a given M2 measurement. This work is the result of the author’s
inability to find error estimation and disclosure of methods in commercial
beam quality measurement devices and building an ISO 11146 compliant
computer automated M2 measurement device and the resulting lessons
learned and concepts developed.

6101A-08, Session 2

Recent developments in real-time, intracavity,
adaptive correction of a multi-kilowatt, solid-
state, heat-capacity laser

K. N. LaFortune, R. L. Hurd, S. S. Olivier, J. M. Brase, R. M.
Yamamoto, Lawrence Livermore National Lab.

The Solid-State, Heat-Capacity Laser (SSHCL) program at Lawrence
Livermore National Laboratory is a multi-generation laser development
effort scalable to the megawatt power levels. Current operating power
levels are in the tens of kilowatts. A key feature of a heat-capacity laser is
its ability to produce hundreds of kilojoules of energy in a short period
and at a moments notice. As soon as the laser is turned on, it can deliver
its peak performance. It does not need to “warm up” before it is fully
operational. This is achieved by tracking the changes in the system that
occur during the laser’s operation. An intracavity adaptive optics system
with over 100 degrees of freedom is used to track and correct for both the
static and dynamic aberrations present within the oscillator. Despite the
simplicity of the design, many challenges are encountered in the imple-
mentation of such a system. An overview of these and their resolution are
discussed. The overall system design, measurement techniques and cor-
rection algorithms along with the most recent experimental results will be
presented.

* Supported by U.S. Army Space and Missile Defense Command.

This work was performed under the auspices of the U.S. Department of
Energy by University of California, Lawrence Livermore National Labora-
tory under Contract W-7405-Eng-48. UCRL-ABS-213485

6101A-79, Session 2

Progress on the national ignition facility
E. I. Moses, Lawrence Livermore National Lab.

Abstract not available.

6101A-80, Session 2

Adaptive systems for single pulse lasers

A. V. Kudryashov, Moscow State Open Univ. (Russia) and Adopt
Ltd. (Russia); A. Alexandrov, V. V. Samarkin, Moscow State
Open Univ. (Russia)

Abstract not available.

6101A-07, Session 3

Thermo-optically driven adaptive mirror
F. Reinert, W. A. Luthy, Univ. Bern (Switzerland)

The ideal adaptive optical mirror combines large aperture with high spa-
tial and temporal resolution and a phase shift of at least 2pi. Further, a
simple low-cost solution is preferred. No adaptive system can fulfill all
these requirements. We present a system that has the potential to reach
this goal with the exception of high temporal resolution. But even with a
moderate temporal resolution of one second such a system can find prac-
tical applications. For example as a laser resonator mirror that allows to
modify the intensity distribution of the emission, or to correct slowly vary-
ing aberrations of optical systems. Our thermo-optically driven adaptive
mirror is based on the thermal expansion of a thin layer of Sylgard with a
gold coated front side. The surface modification is induced by selectively
heating different areas of this Sylgard film. Heating is achieved by imag-
ing a pattern onto the rear side of this thin film. We present a preparation
method to produce thin films of Sylgard on sapphire. Sapphire is used as
an efficient heat sink. The thermo-optically induced modifications of the
surface are analyzed with an interferometer operated at 632nm. Without
heating, the mirror surface of 24mm diameter has an optical quality of
about a quarter wavelength. Upon heating, surface modulations of up to
350nm and slopes of 240nm/mm are measured. The irradiated intensity
was only 370mW/cm2. Contrast of about 30% is reached with a resolu-
tion of 1.6 line-pairs per millimeter. The temporal resolution is better than
one second.

6101A-11, Session 3

Intracavity self-frequency conversion in
periodically poled active nonlinear
Nd:Mg:LiNbO3 crystal

A. A. Novikov, G. D. Laptey, I. V. Shutov, M.V. Lomonosov
Moscow State Univ. (Russia)

The combination of laser oscillation of active ions with nonlinear optical
properties of the host material offers an opportunity for production lasers
with self-frequency conversion. The crystals with self-frequency conver-
sion properties act like laser in which the active medium serves itself and
furthermore as a nonlinear medium. The up-to-date progress in this field
associated with using periodically poled active nonlinear crystals, which
essentially expand the number of realizing nonlinear processes. Recently
the processes of self-frequency doubling, self-frequency summing and
self-optical parametric oscillation have been realized in periodically poled
active nonlinear crystals in cw and Q-switched regimes.

In this paper the processes of Q-switched self-frequency conversion have
been investigated experimentally and theoretically. We have experimen-
tally studied energy and temporal characteristics of radiation in the Q-
switched processes of self-frequency doubling and self-frequency sum-
ming in periodically poled Nd:Mg:LiNbO3 crystal which was located in
hemispherical cavity and end-pumped by laser diode.

The study of such system is fulfilled by means of equations describing
evolution of interacting waves and inverse population in active nonlinear
crystal. The dynamics of intensity of radiations and its pulse characteris-
tics have been investigated by numerical method. The influence of pa-
rameters of Q-switching, cavity, crystal and pump on laser dynamics and
generation characteristics are analyzed. It has been established that there
exist optimal parameters of analyzed system, which correspond the maxi-
mum efficiency of processes of self-frequency conversion. It has been
shown that the average power of radiation in Q-switched regime of self-
frequency conversion may be higher that in the cw one. The theoretical
results are in a good accordance with obtained experimental data.
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6101A-13, Session 3

Adaptive wavelets applied to distortion
correction in laser diode arrays

K. J. Jones, Rice Univ.

Laser diode arrays can produce great amounts of optical power. Unfortu-
nately, these lasers tend to oscillate in multiple spatial and longitudinal
modes. The spatial modes were investigated by the author (1999, 2000)
in the first use of wavelet analysis on the perpendicular profiles of laser
diode arrays. The first efforts to study phase distortion on laser diode
arrays using wavelets was carried out by the author in 2004. Adaptive
optics is the field dedicated to automatic compensation for wavefront
distortion. A number of approaches are available to achieve spatial spec-
tral control of high power diode laers using phase conjugate mirrors: high-
finesse etalon in external cavity or a grating inserted in a phase conjugate
cavity. The method being developed here is to determine phase (and hence
phase distortion) using wavelet ridge extraction. An adaptive wavelet sys-
tem will be developed to cancel distortion. Adaptive systems are impor-
tant when the signals are changing with time. For phase distortion, an
adaptive system similar to echo cancelation is proposed.

In a previous paper (2004), the 1-D perpendicular profiles of a diode array
were plotted. The 10 stripe phase coupled array of the perpendicular pro-
file displays spatial instabilities between the stripes (spatial-temporal pul-
sations in the index/gain-guided laser arrays). The Morlet wavelet trans-
form of the 1-D profile is made and plotted as a spectrogram. The local
maxima is also plotted. The ridge of the wavelet transfrom is the point
where the frequency of the signal is equal to the frequency of the analyz-
ing signal. It is possible to recover phase and hence distortion in the per-
pendicular profiles.

In a previous paper (2004), wavelet-based phase extraction was applied
to laser diode arrays to correct distortion in spatial modes. In this paper,
an adaptive wavelet system will be developed to actively correct phase
distortion in spatial modes of laser diode arrays.

6101A-81, Session 3
Correction of the radiation of 1 kW CW diode
pumped glass laser

J. V. Sheldakova, V. V. Samarkin, Moscow State Open Univ.
(Russia)

Abstract not available.

6101A-86, Session 3

Aberration correction in a telescope with a
membrane primary mirror

S. A. Dimakoy, S.I. Vavilov State Optical Institute (Russia)

Abstract not available.

6101A-02, Session 4

One-color operation of the RF pulse excited
slab-waveguide CO2 laser

E. F. Plinski, J. S. Witkowski, D. A. Wojaczek, Politechnika
Wroclawska (Poland)

The paper gives an algorithm for elaboration of the RF excited slab-
waveguide CO2 laser working on one chosen emission line in a pulse
regime. The solution of the problem bases on an RF transversal excita-
tion in a slab-waveguide laser structure and laser signature phenomenon.
The structure gives a homogeneous distribution of the excited laser plasma
along the electrodes. The plasma in the structure is stable and reproduc-
ible from the pulse to pulse comparing to conventional tube lasers, and
particularly, to flow dynamic lasers. On the other hand, the applied un-

stable kind optical resonator produces a single-mode operation by defi-
nition. It suppresses higher modes in the laser cavity. The only problem
are parasitic “hooting modes” created along the waveguide direction -
between electrodes. But usually they do not bring too much perturba-
tions to a spectral contents of the laser output radiation. The problem of
the one-color operation of the laser can be solved by careful selection of
the laser signature. The paper shows the results of the experiments, and
gives the methodology to design the CO2 laser in a pulse regime operat-
ing on one chosen emission line. Controlled two-color and multi-color
pulsed operations are also considered. The results can be applied to de-
sign lasers for the trace gas analysis around of 10 or 9 um or other spec-
tral devices. It can be also applied for material processing of the media
sensitive for the wavelength.

6101A-09, Session 4

Laser Doppler velocimetry using photacoustic
effect of RF-excited CO2 laser

J. Choi, Honam Univ. (South Korea)

A laser Doppler velocimeter employing a CO2 laser has been developed
by using its photoacoustic effect. A change in the pressure of a discharge,
induced by mixing of a returned wave with an originally existing wave
inside the cavity, is employed to detect the Doppler frequency shift. We
found that a Doppler frequency shift as small as 50kHz was detected,
and also a good linear relationship between the velocity and the Doppler
frequency shift was obtained.

6101A-03, Session 5

Hybrid ECL/DBR wavelength and spectrum
stabilized lasers demonstrate high power and
narrow spectral linewidth

S. Rudder, Innovative Photonic Solutions; G. J. Steckman,
Ondax, Inc.

The use of LINbO3 based Volume Holographic Gratings (VHGs) to pro-
vide spectrally filtered feedback to a semiconductor laser diode was dem-
onstrated in the mid 1980s, however issues with long term stability had
left this technology on the sidelines. Photo-sensitive glass based VHGs
do not exhibit long term aging or thermal/photo bleaching effects, and
therefore have enabled a new type of External Cavity Laser (ECL). This
highly manufacturable “hybrid ECL/DBR” (HED) laser utilizes precision
VHGs and has been used to create high performance lasers with spec-
trally tailored output. Lasers with fiber coupled output powers in excess
of 1.2 W and spectral line widths of less than 0.15 nm have been demon-
strated. Additionally, multi-mode lasers have been developed for High
Resolution Raman Spectroscopy that exhibit spectral line widths below
0.06 nm (i.e. < 1 wavenumber) with fiber coupled output power in excess
of 350 mW. The use of glass based VHGs provides HED laser wavelength
stabilization of better than 0.01 nm/oC, and allows the production of la-
sers at virtually any wavelength between 650 nm - 2400 nm.

6101A-82, Session 5

Bending insensitive, highly Yb-Doped LMA
triple-clad fiber for nearly diffraction-limited
laser output

A. Croteau, C. Paré, H. Zheng, P. Laperle, Y. Taillon, Institut
National d’Optique (Canada)

Abstract not available.
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6101A-83, Session 5

Generation mechansims of white light laser
radiation in tapered fibers

R. Zhang, J. Teipel, D. Tuerke, H. W. Giessen, Univ. Bonn
(Germany)

Abstract not available.

6101A-84, Session 5

Method of fabrication of 1D and 2D gratings
D. Stepanov, S. Surve, Bandwidth Foundry Pty Ltd. (Australia)

Abstract not available.

6101A-12, Session 6
Laser resonators formed by two nanoparticles

X. Wu, W. Fang, A. Yamilov, A. A. Chabanov, H. Cao,
Northwestern Univ.

We realized laser action in an unstable resonator formed by two
nanopartilcles in a dye solution. The subwavelength particles act as Mie
scatterers and provide coherent feedback. Although the cavity formed by
two particles is very unstable and leaky, laser action was realized under
intense optical pumping. The lasing modes were equally spaced in fre-
quency, and laser output was directional. We experimented with several
kinds of particles: titanium dioxide particles, zinc oxide particles, and silica
nanospheres. A small amount of these particles are suspended in
Rhodamine 640 solutions. The scattering mean free path is on the order
of 1mm. The solution was pumped by a focused laser beam from a pulsed
Nd:YAG laser (632nm, 20ps, 10Hz). At low particle density, the pumped
volume is a cylindrical strip. Below the lasing threshold, the emission spec-
trum exhibited a broad spontaneous emission band peaked at 620nm
with a shoulder at 660nm. Above the threshold, equally-spaced sharp
peaks emerged between 605nm and 615nm. The width of individual peaks
was less than 0.16nm. The laser output was parallel to the pump strip.
Calculation shows the lasing peaks originate from the unstable resona-
tors formed by two particles close to both ends of the pump strip. The
large gain coefficient at intense pumping compensated the cavity loss,
and lasing threshold was reached. With increasing particle concentra-
tion, thus decreasing the mean free path, lasing threshold is increased
due to enhanced scattering loss caused by additional particles in be-
tween the two. Eventually, lasing action stops above certain particle den-
sity.

6101A-61, Session 6

Radiation-pressure-driven micro-mechanical
oscillator

K. J. Vahala, California Institute of Technology

Radiation confined within a vessel will exert a pressure upon its walls. If
the vessel is a high-Q micro-cavity, then a weak power level, coupled to
the cavity, can build to a substantial circulating power and thereby exert a
resonantly-enhanced pressure on the internal micro-cavity walls. If great
enough, such a pressure will deform the cavity structure and change the
resonant condition. Such a mechanism has been theoretically proposed
by Braginsky to produce a parametric instability leading to mechanical
oscillation of the microcavity structure. The mechanism has also been
considered as a possible limitation in the next generation LIGO interfer-
ometer system. And yet, in a third area, it has been proposed that such a
radiation pressure mechanism could provide a path to study the quantum
entanglement of radiation with macroscopic motion. We have recently
observed the radiation pressure driven parametric oscillation for the first
time. In this paper, we describe the micro-cavity system used to generate
mechanical oscillations at RF rates as well as the detailed measurements

of threshold power, spectral linewidth variation, as well as both mechani-
cal and optical Q dependences of important system parameters.

6101A-62, Session 6

Heavy photon states in photonic chains of
resonantly coupled size-matched microsphres

M. Kuwata-Gonokami, The Univ. of Tokyo (Japan)

The manipulation of light at a micrometer length scale has recently at-
tracted considerable attention both from the fundamental and the appli-
cations points of view. The micro-manipulation of light can be achieved
by light confinement at a scale comparable to the wavelength. Light propa-
gates through a system of such units due to the coupling between near-
est neighbors. Such a tight binding photon approach to the micro-ma-
nipulation of light allows to guide light by connecting units, which can be
referred to as photonic atoms, in arbitrarily shaped microstructures (pho-
tonic molecules). Using microspheres is the most natural choice to use
as units of a tight binding photon device. It is well known that a dielectric
sphere acts as an optical microcavity that has very long photon storage
time within a small mode volume. In order to explore the feasibility of light
micro-manipulation, one has to confirm the existence of coherent cou-
pling between spheres of a size equivalent to few times the optical wave-
length.

We propose and demonstrate a bottom upapproach to construct photo-
nic structures for efficient control of speed of light. Super-mono-disper-
sive polymer micro spheres of 4 to 5 micron in diameter are used as
building blocks and a size uniformity better than 0.05% could be ob-
tained by sorting the spheres using spectroscopic methods. The spheres
are positioned in a V-groove on a silicon substrate and from a photonic
chain with resonant coupling of the optical whispering gallery modes.
Photonic band modes are clearly observed in fluorescence and resonant
scattering spectra, and an excellent agreement with a tight binding model
calculation is found. Group index as high as 40 is obtained. Based on
these result, we will discuss prospects for the further reduction of the
group velocity and control of group velocity dispersion with such struc-
tures.

REFERENCES

1. T. Mukaiyama et al. Phys. Rev. Lett. 82, 4623 (1999).
2. M. Kuwata-Gonokami, Proc. SPIE 3930, 175 (2000).
3. Y. Hara et al. Optics Letters, 28, 2473 (2003).

4.Y. Hara et al. Phys. Rev. Lett. 94, 203905 (2005).

6101A-64, Session 6

Whispering gallery modes excitation in
borosilicate glass microspheres by K+ ion-
exchanged channel waveguide coupler

K. Grujic, Univ. of Tromso (Norway); J. P. Hole, Univ. of
Southampton (United Kingdom); O. G. Helleso, Univ. of Tromso
(Norway); J. S. Wilkinson, Univ. of Southampton (United
Kingdom)

Optical microsphere resonators, with their exceptionally low optical losses
and high Q-factors, are attracting a lot of interest in integrated optics and
related fields. Not being accessible by free-space beams, modes of a
microsphere resonator require near-field coupler devices. Efficient eva-
nescent coupling has been demonstrated previously by using fragile or
large devices, impractical for integrated optics, such as thin tapered fi-
bres, fibre half-block couplers, angle-polished fibres and bulk prisms. A
straightforward extension would be the use of integrated optics
waveguides. However, not many waveguide coupling schemes are cur-
rently present in the literature. In this work, we demonstrate whispering
gallery modes (WGM) excitation in borosilicate glass microspheres. Light
from a tunable Ti: sapphire laser was coupled into a single mode K+ ion-
exchanged channel waveguide formed in BK7 glass substrate. The
microspheres, 7.9um + 0.8um in diameter, were dispersed on the sub-
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strate surface. The particles sitting on the waveguide surface were ob-
served through a microscope and the laser light scattered by the par-
ticles was recorded with a CCD camera. Successful WGM excitation was
observed with Q-factors of about 400.

6101A-67, Session 6

Silicon microspheres
A. Serpenglizel, Ko¢ Univ. (Turkey)

Silicon microspheres are superb optical resonators. We have
characterizaed the elastic light scattering characteristics of these silicon
spheres in the near-infrared communication wavelenght of 1300 nm. The
excitation beam is coupled with the use of optical fiber. Optical channel
dropping in the near-infrared communication wavelenghts of 1300 nm
has also been performed. The observed morphology dependent reso-
nances of the silicon spheres have quality factors of 100000. The mea-
sured quality factors are limited by the sensitivity of the experimental setup.
These optical resonances provide the necessary narrow linewidths, that
are needed for high resolution wavelenght division multiplexing applica-
tions. In addition to channel dropping, detection, and switching applica-
tions of this optoelectronic system is possible. The silicon microsphere
shows promise as a building block for CMOS based silicon
microphotonics.

6101A-70, Session 6

Crystalline micro-resonators: status and
applications

I. S. Grudinin, California Institute of Technology

We report on the fabrication technique of ultra high Q optical crystalline
whispering gallery mode microresonators and discuss their properties.
The technique is suitable for the majority of available optical crystals and
for production of the resonators with small size. To validate the method,
we made CaF, resonators with Q factors exceeding 108 and diameter as
small as 80 micron. Possible utilization of these new resonators in quan-
tum optics is discussed.

6101A-63, Session 16

Ultra-low threshold quantum dot microdisk laser

Z. G. Xie, S. Goetzinger, Stanford Univ.; W. Fang, Northwestern
Univ.; Y. Yamamoto, Stanford Univ.; H. Cao, Northwestern
Univ.; G. S. Solomon, Stanford Univ.

Ultra-low threshold lasers have applications in low-power communica-
tions. These lasers are also of fundamental interest, where a full under-
standing of lasing based on a few discrete emitters is evolving. This is
especially true in solid-state systems, for instance those with a quantum
dot (QD) gain medium, where a typical spectrum of discrete emission
lines observed at lower pump power is often highly modified under higher
pump powers.

Here we discuss a microcavity laser containing a dilute QD gain medium
that has an ultra low, sub-microwatt CW lasing threshold. The structure is
based on a high-quality factor microdisk cavity of GaAs with a low den-
sity of InAs-based QDs embedded in the microdisk. We estimate 250
QDs in the 1.8 um diameter microdisk under investigation. Of these QDs
approximately 60 are spatially located within the modal region of the disk,
which extends inwards approximately 250 nm from the disk edge. Only a
small portion of these QDs couple to the narrow cavity modes, which
have a free spectral range of 45 nm and an initial linewidth of 0.06-0.07
nm. Despite the small number of QDs it is unlikely from our estimates the
system lases from a single QD state. Linewidth narrowing and lifetime
reduction with increasing pump are both observed.

6101A-65, Session 16

Silica polygonal micropillar resonators: Fano
lineshapes tuning by using a Mach-Zehnder
interferometer

K. Y. Hon, A. W. Poon, The Hong Kong Univ. of Science and
Technology (Hong Kong China)

We report our recent experimental demonstration of silica hexagonal and
octagonal micropillar resonators using angle-resolved prism coupling.
These micropillar resonators are large-sized (~125 mm ~175 mm) po-
lygonal fused-silica fibers with rounded corners. The polygonal
microresonators have the key merit of flat cavity sidewalls, enabling a
relatively long lateral interaction length for the evanescent coupling to
wavefront-matched N-bounce ray orbits. Our experimental setup reveals
(i) singlemode resonances (Q ~ 1.5 x104) in hexagonal micropillar resona-
tors that are selectively input and output coupled near 600 light ray angles
(favor 6-bounce ray orbits), and (ii) singlemode resonances (Q ~ 1.2 x
104) in octagonal micropillar resonators that are selectively input and
output coupled near 67 on light ray angles (favor 8-bounce ray orbits).

The sharp resonance lineshapes observed in the reflection field are char-
acteristically asymmetric, known as Fano lineshapes. Our angle-resolved
measurements show that the Fano lineshapes continuously evolve for
exceeding 2p phase change (dip-to-peak-to-dip) within a sub-degree
range of reflection angles. These Fano lineshapes are given by the inter-
ference between a Lorentzian resonance field and a coherent continuum
field.

Guided by this interpretation, we are currently experimenting with reso-
nance lineshapes tuning by means of a Mach-Zehnder interferometer.
One of the interferometer arms is coupled to a fixed singlemode prism-
coupled polygonal micropillar resonator, whereas the other is coupled to
a tunable delay line with an amplitude control. Initial results suggest that
the Fano resonance lineshapes can be tuned by using the interferometer
setup, when the resonance field amplitude and the coherent background
field amplitude are comparable. Potential applications of Fano lineshapes
tuning in optical filters, switches, and sensing will be discussed.

6101A-66, Session 16

Edge roughness in microresonators: optimum
design strategies

J. E. Heebner, E. Chang, J. S. Kallman, T. C. Bond, M. E. Lowry,
Lawrence Livermore National Lab.

Using the volume current method, we present an analytic formulation that
can be written in normalized fashion to organize the treatment of scatter-
ing losses due to edge roughness in microdisk and microring resonators.
Close agreement with literature studies is found.

The formulation is intended to be implemented as a tool for strategic
microresonator design.

6101A-68, Session 16

Spontaneous emission lifetime modification
using high quality factor oxide apertured
micropillars

N. Stoltz, M. Rakher, S. Strauf, A. Badolato, Univ. of California/
Santa Barbara; D. D. Lofgreen, Raytheon Vision Systems; P. M.
Petroff, L. A. Coldren, D. Bouwmeester, Univ. of California/
Santa Barbara

An oxide aperture is used to confine optical modes in a micropillar struc-
ture. This method overcomes the limitations due to sidewall scattering
loss typical in semiconductor etched micropillars. High cavity quality fac-
tors (Q) up to 48 000 are determined by external Fabry-Perot cavity scan-
ning measurements, a significantly higher value than prior work in llI-V
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etched micropillars. Measured Q values and estimated mode volumes
correspond to a maximum Purcell factor figure of merit value of 72. Ex-
perimental time correlated photon counting measurements show resolu-
tion limited quantum dot lifetimes of less than 200 picoseconds.

6101A-69, Session 16

Calligraphic poling for WGM resonators
M. Mohageg, Jet Propulsion Lab.

We demonstrate a novel technique to form arbitrary-shaped domain pat-
terns in lithium niobate, including circular and radial periodical structures
suitable for modal quasi-phase-matching in nonlinear experiments with
whispering-gallery modes. Fabrication of continuous domains as narrow
as 2 um across and hexagonal patterns of the same order accompanied
by real time visualization of the poling process are presented.

6101A-71, Session 16
Geometric optics of whispering gallery modes

M. L. Gorodetsky, A. E. Fomin, M.V. Lomonosov Moscow State
Univ. (Russia)

Quasiclassical approach allows to obtain rather precise analytical approxi-
mations for the eigenfrequencies and quality factors of whispering gallery
modes in convex axisymmetric bodies. We obtain practical formulas for
the calculation of eigenfrequencies in dielectrical spheroid and torus and
compare them with the known solutions for the particular cases and with
numerical calculations.

6101A-72, Session 16

Recent advances in organic electro-optic
materials for ring micro-resonators and optical
modulation

A. Akelaitis, L. R. Dalton, Univ. of Washington

Recently developed organic electro-optic materials have demonstrated
large increases in activity creating a drive towards utilizing organics in
ring micro-resonators and modulators. These materials allow for extremely
low drive voltages and fundamental response times within the terahertz
region. Present synthetic efforts have efficiently incorporated molecules
with large first molecular hyperpolarizabilities, into macromolecular sys-
tems producing unprecedented electro-optic coefficients, r33. Previously,
incorporation of these large molecules into macromolecular systems
proved difficult due to phase separation or molecular aggregation within
the processed films. Therefore, integration into workable devices was in-
consistent and difficult. The new material systems however, have shown
considerably enhanced film qualities, leading to improved device incor-
poration and fabrication. This talk will focus on current organic materials
strategies and their incorporation into current ring micro-resonator de-
vices and results.

6101A-76, Session 16

Influence of a controllable scatterer on the high-
Q modes of a microsphere resonator

A. Mazzei, H. Krauter, L. de Souza Menezes, S. Gétzinger,
Humboldt-Univ. zu Berlin (Germany); V. Sandoghdar, ETH
Zirich (Switzerland); O. Benson, Humboldt-Univ. zu Berlin
(Germany)

The high-Q Whispering Gallery Modes (WGM) of a microsphere resonator
represent an optimal environment to observe non-linear optical processes.
Q-factors of the order of 108 combined with mode volumes of only few
um?3 guarantee extremely high circulating power in the cavity modes on
one hand, and very high Purcell factors on the other hand. One of the

dominating losses mechanism is given by Rayleigh scatterers in the modes.
In this experiment the glass fiber tip of a Scanning near Field Optical
Microscope is used as a controllable scatterer with two different scopes’.
First we use the scatterer to influence the intramodal coupling between a
clockwise and a counter-clockwise propagating WGM of a microsphere
resonator, and to point out the role of the Purcell factor in this process.
Second we investigate the role of the scattering mechanism in non-linear
optical processes such as Stimulated Raman Scattering in a microcavity?2.

REFERENCES
[1] S. Gotzinger, O.Benson, V. Sandoghdar, Opt. Lett. 27, 80-82 (2002);

[2] S. M. Spillane, T. J. Kippenberg, K. J. Vahala, Nature 415, 621-623 (07
Feb 2002) Letters to Editor.

6101A-85, Session 16

Nonlinear optics in ray-chaotic resonators
E. E. Narimanov, J. Zubin, Princeton Univ.

Abstract not available.

6101A-15, Poster Session

Modern laser technologies used for cutting
textile materials

C. |. Isarie, A. Dragan, State Univ. of Sibiu (Romania); L. G.
Isarie, SC SibDress SA (Romania)

With modern laser technologies we can cut multiple layers at once, yield-
ing high production levels and short setup times between cutting runs.

One example could be the operation of cutting the material named Nylon
66, used to manufacture automobile airbags. With laser, up to seven lay-
ers of Nylon 66 can be cut in one pass, that means high production rates
on a single machine.

Airbags must be precisely crafted piece of critical safety equipment that
is built to very high levels of precision in a mass production environment.
Of course, synthetic material, used for airbags, can be cut also by a con-
ventional fixed blade system, but for a high production rates and a long
term low-maintenance, laser cutting is most suitable.

Most systems, are equipped with two material handling systems, which
can cut on one half of he table while the finished product is being re-
moved from the other half and the new stock material laid out.

The laser system is reliable and adaptable to any flatbed-cutting task.
Computer controlled industrial cutting and plotting machines are the lat-
est offerings from a well established and experienced industrial engineer-
ing company that is dedicated to reduce cutting costs and boosting pro-
ductivity in today’s competitive industrial machine tool market. In this way,
just one machine can carry out a multitude of production tasks.

Authors have studied the cutting parameters for different textile materi-
als, to reach the maximum output of the process.

6101A-16, Poster Session

Noise reduction of violet laser diodes by
selection of feedback light polarization

H. Konishi, W. Sasaki, H. Yashiro, K. Takegami, Doshisha Univ.
(Japan); A. Ikeda, Y. Kamioka, K. Nagashima, Funai Electric
Co., Ltd. (Japan)

We have demonstrated an optical feedback noise reduction of 45mwW
type 408 nm GaN violet laser diodes by selecting the polarization of the
feedback light in a typical optical disk pick-up system. The polarization of
the feedback light is selected by means of rotatable quarter-wave plate.
In this method, we have attained certain noise reduction without super-
position of a high frequency component on driving current, which makes
the pick-up system simple and inexpensive. As a result of our experi-
ment, by adjusting the rotation angle of quarter-wave plate, we could
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suppress the optical output fluctuations to less than 25% of peak-to-
peak values in our violet laser diodes caused by the external cavity length
variations. In addition, we also measured noise reduction effect by the
method of high frequency superposition. As a consequence, our present
method could be a new approach for practical and simplified industrial
fabrications of inexpensive, substantially low noise optical disk pick-up
systems for high power violet laser diodes.

6101A-18, Poster Session

Spatial structure of radiation at self-frequency
conversion in active nonlinear crystals

A. A. Novikov, G. D. Laptev, A. S. Chirkin, M.V. Lomonosov
Moscow State Univ. (Russia)

Active nonlinear crystals combine the properties of laser (active) and non-
linear media. Such combination opens wide possibilities for laser with
self-frequency conversion, when the laser generation at fixed frequency
and nonlinear frequency conversion takes simultaneously place in the
same crystal.

In this paper the results of study of spatial characteristics of radiation in
the processes of self-frequency doubling, self-frequency mixing and self-
optical parametric oscillation are presented. The scheme under consider-
ation is a periodically poled active nonlinear crystal located into the cav-
ity, which is formed by two spherical mirrors with finite aperture. The crystal
is end-pumped by CW laser radiation. Our theoretical approach takes
into account many experimental features of self-frequency conversion
processes, for instance diffraction due to finite aperture of mirrors and
propagation of radiation between the mirrors. The numerical calculations
are used for analysis. The influence of various parameters of system (pump
power, pump focusing, cavity length, size, reflection and curvature of mir-
rors) on spatial structure of generated radiation has been analyzed. It has
been shown that the nonlinear frequency conversion (due to quadratic
nonlinear coefficient) has weak effect on spatial field structure of funda-
mental radiation. The dependences of energy characteristics of radiation
at self-frequency conversion on various parameters of the scheme under
consideration are also studied. It has been shown that there are optimal
parameters for maximal frequency conversion efficiency. All calculations
are carried out for periodically poled Nd:Mg:LiNbO3 active nonlinear crys-
tal.

6101A-19, Poster Session

Modal analysis of ‘non-Gaussian’ Gaussian laser
beams

T. S. Ross, Air Force Research Lab.

It is possible to construct summations of Laguerre-Gaussian modes which
have the appearance of a zero order fundamental Gaussian but which, in
fact, have no zero order content. These examples have circulated infor-
mally as a warning against trusting a single beam profile measurement as
to the indication of the modal content of a given beam. These ‘non-
Gaussian’ Gaussian beams also turn out to be extremely revealing of the
fundamental assumptions upon which all modal decompositions and
modal-based beam quality measures are based upon. Due to the con-
trived nature of these beams, they are also subject to some very subtle
but important theoretical errors. This paper will rigorously examine a ‘non-
Gaussian’, Gaussian beam in terms of its amplitude and phase charac-
teristics, propagation behavior, M2 and what it reveals about modal de-
compositions and modal beam quality measures in general.

6101A-20, Poster Session

Development of a lamp-pumped Cr:LiSAF laser
operating at 20Hz for a Terawatt CPA system

R. E. Samad, G. E. C. Nogueira, S. L. Baldochi, N. D. Vieira, Jr.,
Instituto de Pesquisas Energéticas e Nucleares (Brazil)

Cr:LiSAF is a laser crystal with three absorption bands in the visible range,
and a wide emission band extending from 700nm to 1000nm, low nonlin-
ear refractive index and a high saturation fluence that allows efficient en-
ergy storage, and a long lifetime of the upper laser transition level (67us at
room temperature) that makes this material suitable for flashlamp pump-
ing. Terawatt CPA systems are traditionally assembled using Ti:Sapphire
as both seeder and amplifying medium, though this requires costly high
power doubled Neodymium lasers to pump the short lived (3us) Ti:Sapphire
upper laser level, that has a moderately low energy storage capacity. Al-
ternatively, due to the emission overlap that Cr:LiSAF and Ti:Sapphire
exhibit, many Terawatt hybrid CPA systems were developed based on
Ti:Sapphire oscillators as seeder and flashlamp pumped Cr:LiSAF crys-
tals as amplifying medium due to its comparatively low cost and good
energy storage capacity. Flashlamp pumped Cr:LiSAF lasers and amplifi-
ers have been limited to a few Hertz (1-10) repetition rates due to the host
low thermal conductivity and steep dependence of the Chromium laser
level lifetime with the temperature. At high repetition rates, this depen-
dence can conduct the system to a catastrophic heat generation regime
that decreases the laser efficiency, and can ultimately lead to the break-
ing of the laser medium.

We report here the development, construction and characterization of a
flashlamp pumped Cr:LiSAF laser resonator emitting pulses around at
845nm, that can be operated at 20Hz under 100J of electrical pumping.
The pumping cavity has two Xenon lamps, each one fed by its own power
supply to a maximum energy of 50J per pulse. The power supplies can
be operated from single pulse up to 20Hz. The pumping cavity is water
cooled, has a ceramic reflector insert, and was developed to minimize
the heat load on the Cr:LiSAF rod. A compact and stable (g1°g2=0.57)
resonator was designed for lasers tests and gain medium characteriza-
tion. When operating this resonator with a 10% transmission output cou-
pler, pulses with 0.6J of energy and 60us were obtained under 100J elec-
trical pumping at 20Hz, resulting in 10kW peak power pulses with 12W of
mean power. With this output coupler, under 100J pumping, the overall
laser efficiency is 0.6%, and the slope efficiency is 0.8%. This pumping
cavity will be part of a multipass amplifier in a hybrid Ti:Sapphire/Cr:LiSAF
CPA system, aiming the extraction of ~1TW, 60fs pulses at a maximum
repetition rate of 20Hz.

6101A-73, Poster Session

Fano resonance in transmission spectra of a
tapered optical fiber coupled with a microsphere

H. Fujiwara, A. Chiba, J. Hotta, S. Takeuchi, K. Sasaki,
Hokkaido Univ. (Japan)

Abstract not available.

6101A-74, Poster Session
Photorefractivity in WGM resonators
A. B. Matsko, Jet Propulsion Lab.

We report on the study of photorefractive properties of as-grown nomi-
nally pure lithium niobate and tantalate crystals using high-Q whispering
gallery mode resonators. The photorefractive effect manifests itself as a
peculiar dynamic modification of the spectrum of the resonator and is
observed in near (780 nm) as well as in the far (1550 nm) infrared. Our
experiments support the conclusion that the photorefractivity does not
have a distinct red threshold. We show that the maximum saturated re-
fractive index change in the infrared is of the same order of magnitude as
in the visible light.
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6101A-75, Poster Session

Axial systems of small contrast
A. A. Savchenkov, Jet Propulsion Lab.

The technological revolution brought about by silicon micro-circuits is in
part fueled by the ability to engineer electronic density of states. This
same capability has been the subject of pursuit by researchers that strive
to develop photonic circuits that replace the electron with the photon.

Manipulation of photon density of states allows one to modify linear, non-
linear, and quantum properties of light-matter interactions. In this work
we demonstrate tailoring the photon density of states in whispering gal-
lery mode resonators to an extent that has not been previously achieved.
Using a similarity between morphologies of an optical planar waveguide
and a whispering gallery axial-symmetric solid state resonator, we theo-
retically propose and experimentally demonstrate a novel dimensional
ring-like macroscopic optical circuit element. This circuit element is char-
acterized by high finesse and small mode volume. This approach may
result in novel photonic devices with unprecedented features.
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6101B-22, Session 8

Measuring the chirp of an ultrashort laser pulse
at the noise floor

D. Bender, M. P. Hasselbeck, M. Sheik-Bahae, The Univ. of New
Mexico

We extract the chirp of an ultrashort laser pulse accurately in real-time
using a simple modified auto-interferometric correlation (MOSAIC) tech-
nique. Through the use of our newly developed time-domain algorithm,
chirp information is accessible in low signal-to-noise conditions. We ex-
hibit results revealing high sensitivity to chirp with signal-to-noise levels
approaching unity. Corrective algorithms have been developed to accom-
modate signal distortions due to bandwidth limitations, autocorrelator
misalignment, and non-quadratic detector response.

In our original implementation of MOSAIC published in 2002, traces were
generated by spectrally filtering a second-order IAC waveform. This spec-
tral filtering scheme yielded a fringe-resolved MOSAIC trace. We report a
new implementation of MOSAIC that uses a combination of a homodyne
technique and low pass filtering to acquire the fringe-free envelope of the
MOSAIC trace. The smooth envelope can be averaged yielding temporal
features sensitive to the order of chirp. This new technique allows for
considerable enhancement of sensitivity and utility in the following ways:
1) accurate chirp measurement is possible with signals close to the noise
level, 2) bandwidth-limited detection and non-quadratic response are
automatically corrected, 3) the order of the chirp can be determined, and
4) algorithm efficiency is improved by more than a factor of two.

Time-domain MOSAIC is particularly useful for characterizing ultrashort
pulses deep in the ultraviolet or far-infrared where second-order signals
are often weak, distorted, and noisy. In-situ pulse monitoring is also pos-
sible because a relatively small amount of power needs to be diverted to
the autocorrelator.

6101B-23, Session 8

Characterization of general astigmatic beams
A. Letsch, A. Giesen, Univ. Stuttgart (Germany)

The well tested and accepted ISO standard 11146 provides the measure-
ment procedures to characterize the propagation properties of stigmatic
and simple astigmatic laser beams which are intrinsically symmetric. The
beam diameters are defined by the second order moments of the power
density distribution which can be measured e.g. with a CCD-camera. In
this standard the second order moments are used since the knowledge
of these second order moments allows the calculation of the beam prop-
erties behind aberration-free optical systems with the well known ABCD-
matrices. The new ISO/FDIS 11146-2 provides a new measurement pro-
cedure to characterize general astigmatic beams which are character-
ized by ten independent second order moments of their Wigner distribu-
tion. We present experimental results of the characterization of such a
general astigmatic beam. In this experiment a well characterized simple
astigmatic beam is propagated through a cylindrical lens which is tilted
with respect to the symmetry axis of the beam so that the simple astig-
matic beam is transformed into a general astigmatic beam. This general
astigmatic beam is characterized according to the new ISO standard.
According to ISO 11146 the twist parameter is measured by acquiring
two power density distributions in the focal plane of a cylindrical lens
which is orientated in horizontally and vertically focusing orientation. The
twist parameter is given by the difference of the measured mixed spatial
moment (xy) divided by the focal length. In general, the twist parameter is
given by the difference of the mixed spatial second order moments mul-
tiplied by the focal length of the cylindrical lens and a parabolic depen-
dency on the distance of the cylindrical lens. Therefore, the measurement
of the twist parameter can be improved by measuring the mixed spatial

second order moments in vertically and horizontally focusing direction
and by fitting a parabola to the difference of these moments. The mea-
sured data and the derived beam properties are presented with a detailed
error analysis of the data.

6101B-24, Session 8

Correlation between geometrical and intrinsic
classification of general astigmatic laser beams

G. Nemes, ASTIGMAT

Geometrical and intrinsic classification of laser beams is based on the
structure of the beam matrix (of second-order moments) and on the value
of the two independent beam invariants, respectively. Recently the ISO
11146 Standard was expanded to include the characterization and mea-
surement of the spatial properties of general astigmatic (GA) beams in
addition to that of stigmatic (ST) and simple astigmatic (SA) beams. Any
beam belongs to one of these three categories according to geometrical
classification, and appropriate optics (of ABCD-type, made by lenses and
free spaces) can transform, to some extent, one category of beams into
another. The intrinsic classification helps to better assess the possibility
of such transformations, by dividing all beams in two classes, intrinsic
stigmatic (IS) and intrinsic astigmatic (IA), using the beam invariant named
“intrinsic astigmatism parameter”, a. IS beams (a = 0) are intrinsically
equivalent to (can be transformed into or are generated from) ST beams,
that are the simplest beams within the geometrical classification. They
have also rotational symmetry everywhere in free space. IA beams (a \> 0)
cannot be transformed into ST beams by ABCD-optics. They can, how-
ever, be transformed at most into aligned SA beams, representing the
next to simplest category of beams in geometrical classification. Aligned
SA beams have orthogonal symmetry everywhere in free space and
through aligned cylindrical optics.

This paper analyses the intrinsic properties of the SA and GA beams. For
SA beams, in the aligned case, the calculation of the beam propagation
ratio invariants Mx2 and My2 is straightforward, and the equality of in-
equality of these two numbers discriminates between the IS and the 1A
case, respectively. For the rotated SA case, the beam matrix should be
first transformed by an appropriate rotation into an aligned SA matrix,
and then the above simple calculation can be performed. The GA beam
matrices pose the challenging problem: there are 10 apparently different
matrix structures representing GA beams and determining by direct cal-
culation the intrinsic astigmatism parameter for all of them is not straight-
forward. We solve all cases in three steps: First, we look at the “free-
space equivalence” between the 10 different GA matrices and determine
that only 8 of them are independent (two cases representing the same
beam at different locations in free space). Second, we compute directly
from the beam matrix the intrinsic astigmatism parameter and assess its
value - this is possible in 6 out of the 8 cases. Third, for the remaining two
cases we compute the intrinsic astigmatism parameter from the gaussian-
Schell-model of the beam, that is formally equivalent to second-order
moments model. As a result, it is possible now to determine the IS or IA
character of a GA beam (or its intrinsic signature) just by looking at its
matrix. The surprising result is that out of 8 independent and different
beam matrices describing GA beams, the simplest 7 matrices are always
IA, while the most complete one can be either IS or IA. The main applica-
tion is the beam identification after measurement.

6101B-25, Session 8

Comparison of laser beams quality criteria

E. A. Khazanov, E. Perevezentsev, A. K. Poteomkin, Institute of
Applied Physics (Russia)
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Nowadays the power of lasers with diffraction beam quality is on signifi-
cant rise. But it’s not easy to archive ideal quality because of severe un-
desired distortion. Under different forms of distortion the beam shows
different behavior. Under any form of distortion there is the need to quali-
tatively characterize the beam quality. Three various qualitative criteria
are most commonly used for this purpose, each of them describing the
beam with one ratio: overlapping integral, Strehl ratio, and MA2 param-
eter. All these criteria are well-known and frequently used in the literature,
though the problem of their interrelation has never been discussed.

In this paper we have analyzed the above mentioned criteria and have
researched of their interrelations in three most common types of beam
quality degradation: thermal lens, electronic self-focusing, and spherical
aberration. Thus, using various criteria it could become possible to com-
pare different results. It is also analyzed if the criteria are flexible enough
or interchangeable. Approximate analytical expressions for all three crite-
ria and three types of beam distortion are derived for Gaussian and su-
per-gaussian intensity shapes. The formulae we get correspond well with
the numerical calculations. The efficiency of characterizing those beams
by various criteria is discussed.

6101B-26, Session 8

Comparison of different beam diameter
definitions to characterise thermal damage of
the eye

K. Schulmeister, R. Gilber, F. Edthofer, B. Seiser, Austrian
Research Ctrs. GmbH - Seibersdorf (Austria)

A computer model for the laser induced heating of an absorbing layer
was used to calculate damage thresholds for the primate retina. Thresh-
olds in terms of retinal radiant exposure per pulse were calculated for a
range of laser pulse durations (from 1 us to 1 s), laser spot sizes (from 30
um to 3 mm) and beam profiles (e.g. top hat, Gaussian, near and far field
of instable resonator, oblong).

For laser safety, where the exposure limit for the eye is stated as a func-
tion of what could be referred to as the ‘thermal beam diameter’, a diam-
eter criterion is needed that yields, for an arbitrary size and shape of the
beam profile at the retina, a correct value of the ‘thermal beam diameter’.
The analysis shows that ‘traditional’ beam diameter definitions including
the second moment diameter in many cases yield incorrect results, espe-
cially for beams of instable resonators and multiple sources. A procedure
is proposed that can be applied to determine a ‘thermal damage param-
eter’ for a given beam profile. It is also discussed that the power that
passes through an aperture (such as the pupil of the eye) is not always
correctly predicted for non-Gauflian beams, depending on the beam di-
ameter definition.

6101B-27, Session 8

Characterization device for measuring beam
parameter product and beam quality of
collimated and uncollimated diode lasers

M. Roehner, C. Scholz, K. M. Boucke, R. Poprawe, Fraunhofer-
Institut fir Lasertechnik (Germany)

Diode laser systems have been established for material processing and
pumping solid state lasers in the recent years, due to flexibility, efficiency
and lifetime. In the meantime, diode laser bars with an output power of
more than 120W are available, with an efficiency of above 50%. For ma-
terial processing like hardening metal surfaces or welding thin blanks/
plates the output power has to be increased, so that several diode laser
bars are arranged vertically and/or horizontally. Depending on the appli-
cation, e. g. pumping solid state lasers or fiber coupling, a special inten-
sity profile of these diode laser systems is required. Therefore, the optical
system has to be adapted. In order to design optical systems, beam char-
acteristics (beam parameter product, intensity profile and wavelength)
have to be well known. Due to low divergence angle and large rayleigh-
length (about 0.5 m) of collimated diode lasers, beam parameter product

is mostly measured by using a focusing lens. Depending on numerical
aperture, the lens system increases aberations, which lead to a worser
beam parameter product. Instead of using a lens in order to measure the
beam parameter product, moving a slit or turning the diode laser around
fast- and slow-axis is an alternative. By measuring the divergence angle
in different positions along propagation axis (near- and farfield) the beam
parameter product of collimated and uncollimated diode lasers can be
calculated.

During the presentation, basic principles of measuring beam parameter
product and beam quality of diode laser stacks are shown. Based on
these principles different measuring methods are compared. Their ad-
vantages are discussed and measuring errors are estimated. Finally, a
complete automated characterization device for measurin