Multiline, superbroadband

and sun-color oscillation of a LiF:F,~ color-center laser
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We report experimental and theoretical studies of the temporal, spectral, and spatial features of a

superbroadband laser.

The results obtained show that the superbroadband room-temperature operable

LiF:F,~ color-center laser can provide low-coherence, high-intensity laser radiation with a spectral width
of 1400 A centered at 1.14 pm and 700 A in the visible range from green to red and exhibit good spatial
collimation with a divergence of between 5 and 6 mrad. Oscillation of all the lines of a superbroadband
spectrum is completely synchronous and occurs almost simultaneously with the pump pulse, exhibiting

4-9-ns pulse delay at 20-ns pump pulse duration.

Second-harmonic generation of superbroadband

oscillation spectrum was realized with an overall efficiency of 10%. © 1997 Optical Society of America
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1. Introduction

Our recently developed superbroadband solid-state la-
ser (SSSL) with a LiF:F,~ color-center active element
was reported to provide two types of laser radiation:
simultaneous superbroadband laser radiation in the
1.1-1.25-pm spectral region and multifrequency or
spectrally controlled laser oscillation.’-¢ By simulta-
neous second-harmonic generation (SHG) in one non-
linear crystal, oscillation in the visible spectral range
from 0.55 to 0.62 pm was obtained in both regimes.
We call it a sun-color laser. The superbroadband la-
ser oscillation can be applied to fast fluorescence and
absorption spectroscopy, two-photon nonlinear spec-
troscopy, nanosecond color photography, optical com-
munication systems, information coding, and other
scientific and technical areas.

Another possible application of the SSSL is based
on its unique possibility to provide oscillation on dif-
ferent spectral lines or in the wide spectral region
simultaneously, with almost no temporal delay.
The spatial mixture of this light can be called a pulse
of low-coherence light, that is, a pulse of radiation
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with a wide, smooth spectral distribution whose spec-
tral lines travel simultaneously in time along the
same direction. Low-coherence sources based on
light-emitting diodes have found applications in med-
ical optical tomography?- as well as in interferometry
for invasive measurements of silicon wafers and
sheet growth monitoring.”-8 The SSSL has a much
higher output average and peak intensity than di-
odes, as well as a spectral range that is ten times
wider.

In this paper we discuss the temporal, spectral, and
spatial features of SSSL oscillation in IR and visible
(sun-color) radiation. The analysis of simultaneous
SHG in different nonlinear crystals is presented.
Some aspects of collimating and spatial mixing of
SSSL output radiation are discussed. The mixing of
SSSL output allows us to receive a low-coherence
laser light with a spectral width as high as 1400 A in
the IR spectral region and 700 A in the visible spec-
tral range.

2. Principles of Superbroadband Laser Operation

Recently demonstrated new regimes of lasing!-4—
superbroadband or multifrequency generation of
color-center lasers with a spectral width practically
coinciding with the luminescence spectrum of the
color-center crystal (CCC)—were realized because of
the new laser cavity construction shown in Fig. 1.
The laser operates as follows:

An active medium (AM) is longitudinally or quasi-
longitudinally pumped through the input end di-
chroic mirror (M;) by pulsed neodymium laser
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Fig. 1. Solid-state laser with superbroadband or control genera-

tion spectrum optical setup.

radiation, having an elliptical spatial profile that is
formed by a reshaping—focusing system (R L;).
Emission from the whole pumped volume of the ac-
tive medium passes through the focusing element
(Ly) into the off-axis mode suppression element (A),
which separates only a part of it from the amplified
emission that is spread parallel to the resonator axis.
This separated radiation is diffracted on the grating
(G). The grating works as an output coupler in the
autocollimating regime in first-order diffraction and
returns radiation back to the suppression element
(A). The off-axis mode suppression element, in its
turn, extracts from the diffracted radiation only the
radiation of the main laser modes parallel to the laser
optical axis and secondary laser modes that diverge
from the optical axes are expelled from the genera-
tion process. The radiation of the main laser modes,
each with a distinct wavelength, is collimated by the
focusing element (L,) and directed back to the active
medium. Each mode with its distinct wavelength
has its own trajectory. This radiation, along with
the stimulated radiation provoked by it, is reflected
directly back by the end mirror (M;). This process
gives rise to the superbroadband multifrequency
oscillation—independent oscillation of different parts
of the active medium with different wavelengths, cov-
ering practically the whole spectral region of the ac-
tive medium amplification band. This results in
each part of the crystal parallel to the laser axis
working as an independent laser with its own wave-
length lying within the broad AM luminescence spec-
trum. We refer to it as a narrow line laser. Its
oscillation wavelength is determined by the equation
for diffraction grating working in the autocollimation
regime as

A =2d sin 6, (1)

where d is the grating spacing and 6 is the incident
angle. The diffraction grating also works as an out-
put coupler, so that zero-order diffraction is extracted
out of the cavity. The corner reflector mirror is used
to turn the output radiation to make a more compact
laser design. Thus, the SSSL overall output radia-
tion has a spatially spread rainbow spectra divergent
in the horizontal plane, so that each narrow line laser
has its own angular direction in the output radiation.
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3. Temporal behavior of Superbroadband Solid-State
Laser radiation

The important feature of the nanosecond SSSL out-
put radiation is a simultaneous oscillation of the
radiation with different wavelengths. The LiF:F,~
CCC is known to be an active medium with a high-
gain coefficient. Because of a high fluorescence cross
section and gain, the efficient tunable oscillation of a
LiF:F," laser can be obtained with a high transmis-
sion output coupler. Typical values of the optimal
output coupler are between approximately 20 and
40%.* This results in the fact that several passes
around the cavity are required for developing laser
oscillation. In its turn this gives a small temporal
delay between the pump and the oscillating pulses.

Let us consider the temporal behavior of the oscil-
lations of narrow line lasers in a LiF:F,~ SSSL. We
analyze the approximate analytical equations that
relate to the time delay between the pump and the
oscillating pulses, spectroscopic properties of the ac-
tive medium, parameters of the laser cavity and in-
tensity of the pulsed pump radiation, and compare
theoretical approximation with the experimental re-
sults.

Disregarding the details, the LiF:Fy~ color-center
laser can be considered as a four-level system. The
pump radiation is absorbed in the wide band of the
electric-dipole electron-vibration transition 1 = 2%,
In a period of time of the order of 10 12-10713 s,
nonradiative relaxation to the minimum of the poten-
tial curve of the excited electronic state 2* = 2 occurs,
accompanied by phonon emission. Then a radiative
electron-vibration transition of 2 = 1* occurs with a
lifetime of 68 ns.? Within the framework of the de-
scribed model and conventional rate equations for the
electronic level population density, it is easy to obtain
the following differential equations for the population
density of excited centers N, and oscillating photon
flux density Z,:

o,

ot = _{[0'21(Vg) + Ulz(Vg)]Ig + [0'21(Vp) + Ulz(Vp)]Ip

+ 7271}N2 + [012(Vp)1p + Ulz(Vg)IgW, (2)

aIg -1
E = Leay Ig{ZZN 2[0' 21(Vg) kY 12(Vg)]

- 2lN0-12(vg) + 2L[Bactive + Bpassive]}~ (3)

Here 045(v,) and 045(v,) are the cross sections of the
excitation of optical centers at pumping (v,) and gen-
eration (v,) frequencies, respectively; o,(v,) and
091(v,) are the corresponding cross sections of stim-
ulated emission to a lower level for the above frequen-
cies; I, and I, are the flux densities of pump and
generating photons; 7, ! is the probability of sponta-
neous relaxation of the upper laser level, and N is the
total number of F,~ color centers in 1 cm?® of a LiF
crystal. In Eq. (3) t.,, ' corresponds to the cavity
round-trip time, [ and L are the active media and
cavity lengths, respectively; and B, .. = (2L) " In(R)



and B ,,ssive are the active and passive cavity losses in
the laser cavity, for which R is the output coupler
reflectivity. The cavity passive losses include the
passive losses inside an active element, diffraction
losses, parasitic absorption, and scattering in the op-
tical elements, including diffraction grating.

As the spontaneous relaxation time of Fy~ color
centers (1) at room temperature is 68 ns, which is
much higher than the duration of pump and oscillat-
ing pulses (10-30 ns) that we used in our experi-
ments, the spontaneous relaxation term (t,) ! in Eq.
(2) can be neglected.

One of the features of the nanosecond pulsed pump
is its high radiation intensity I, that is much higher
than the corresponding saturation intensity of the 1
= 2 transition for Fy,~ that was measured to be 0.14

sitions under oscillation radiation becomes compara-
ble with the probability of the pump absorption.
The oscillation of this sta%e is described by Eq. (3),
assuming that N, = N, = const. Thus, one can
obtain the following:

I, = L[RT o K], ®)

Here 5/t ity is an effective number of round trips
through the cavity, I', .. represents the cavity pas-
sive losses I',is = €xXp(2L Bpassive), and K(v,) is a
one-pass unsaturated gain coefficient in the active
medium at oscillating frequency v,, defined as

K(v,) = expl[051(v,) + 015(v) IN,*L — 035(v) NI}, (7)

The laser generation build-up time for the second
stage t, can be found from Eqs. (5)—(7) as

In[I./I (0)
t2 = tcavity n[ g/ 5 ] ’ (8)
oy T ~ On()oel) |y o ope
Glz(vp) n 021(]}[)) passive

MW /cm?.10.11  So the oscillation of a LiF:F,~ color-
center laser under nanosecond pulsed pumping can
be considered as a consequence of independent tem-
poral stages. The first is a quick bleaching of the
active medium to a saturated state, the second is a
development of laser oscillation with quasi-stable
population inversion, and the third is a saturation of
the oscillation. Itis known that the delay time of the
oscillation with respect to the pump pulse is deter-
mined by the first two stages. We now consider the
time duration of these processes. For simplicity, a
uniform pulse excitation with pump photon flux den-
sity of I, and a duration ¢, is considered. During the
first stage the photon flux at oscillating frequency I,
is negligible. The saturation of the active media can
be obtained when dN,/d¢ = 0 and the saturated state
population of excited state N, can be determined from
Eq. (2) as follows:

Ny = Do) @)
0'21(Vp) + 0'12(Vp)

The time duration of this stage #; can be obtained if
we calculate the energy that is necessary to excite
N,®* number of color centers:

. NZ(sat)lS _ Nlo'lz(vp) (5)
! LS L[02:1(v,) + 015(v,)]

Here Nio5(v,) is equal to the initial or low-field op-
tical density of the active medium at the pump wave-
length.

The second temporal stage of the oscillation can be
considered as amplification at the generation wave-
length from the initial photon flux density level I, ©
to the value when the probability of stimulated tran-

The total delay time can be obtained as a sum of the
delay times of the first and second stages:
+ t,.

For the LiF:F,~ four-level system, with a Gaussian
luminescence band of the full width at half-maximum
of Av = 4.13 X 10'3 Hz,! the cross section of stimu-
lated emission (¢,°) at the luminescence band peak A,
can be calculated from the following well-known for-
mula?:

tdelay = tl

Y ﬂn2 A ul ©
e \“ w 8mn,*Av T,
where n, = 1.39 is the refractive index of a LiF crys-
tal, 5 = 0.8 and 1, = 68 ns are, respectively, the
quantum efficiency and fluorescence lifetime of a LiF:
F,~ crystal measured at room temperature.! So, the
value of ¢,° is 7.5 X 1077 cm?.

The cross section of stimulated absorption o, of Fy~
centers at the pump wavelength A\, = 1064 nm is
equal to 2 X 10”7 cm?.1011  The total density of the
Fy,~ centers in the LiF crystal, featuring a typical
absorption coefficient for F,~ active elements at A =
1064 nm, £ = 0.6 cm ™!, can be defined as N = k/o, =
3 x 10 em 2.

To calculate the temporal delays for the maximum
oscillation wavelength (1.14 pm) values we need to
substitute the characteristic data for our experlmen-
tal setup. These were I, = 1 X 10?6 photon/s cm?
(20 MW /cm?); 30% reﬂect1v1ty of the output coupler;
[ = 40 mm and L = 15 cm, respectively, for the
lengths of the active element and cavity; and the term
[o22(8,)021(8) = 01(0, 0000, Nor2(v,) + 0,1
equals 1.9 X 1077 cm? for a 1.14-pm oscillating
wavelength.1l The time delay that is due to the first
stage equals t,;'' = 0.33 ns.
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Fig. 2. Experimental (curves 1 and 2) and theoretical (dashed
curve 3) dependencies of the time delay of different wavelength
component oscillations in the SSSL output radiation with respect
to the pump pulse for two pump energies 25 (curve 1) and 14 mdJ
(curve 2).

To investigate the temporal behavior of the SSSL
output we measured a time delay of the oscillation at
a certain wavelength. Figure 2 shows the experi-
mental relative pulse delay dependencies for pump-
ing energies of 25 and 14 mdJ (pump intensities of 20
and 11 MW/cm?, respectively). One can see that the
experimental data for temporal delays for different
wavelength components of a SSSL in the center of the
spectral range are small and increase at the edges to
between approximately 4 and 9 ns for a high pumping
energy (25 mdJ) and between 6 and 12 ns for a lower
energy (14 mdJ).

Using the dependence for o,(v) as

v— vo)T

T (10)

o,(v) =a,’ exp[—4 In 2

and Eq. (8), one can estimate the dependence ¢, = f(\)
(see dashed curve in Fig. 2). From Fig. 2 it is clear
that the simple laser model described above fits qual-
itatively well the dynamics of laser oscillation in a
SSSL. In our calculation we used In[Z,/I,”] = 18.4
and I' s = 0.7.  Higher curvature of the experimen-
tal dependence with respect to the theoretical one can
be explained by the dependence of In[/,/I ©7 on the
oscillation frequency and pump density iecause of
the influence of two-pass superluminescence in a
high-gain LiF:F,  active medium on the initial pho-
ton flux value [1,'”]. Another reason relates to the
nonuniform distribution of the pumping energy in the
experiment. A quasi-circular Gaussian pump beam
was reshaped to an elliptical nonuniform profile by
means of a cylindrical lens. It exhibits maximum
intensity in the center of the beam (corresponding to
the emission band peak) and features a continuous
drop of intensity at the peripheral areas (correspond-
ing to the short and long wavelengths of the emission
bands). This results in a reduction of the pump in-
tensity at the edges of the oscillating spectra and
subsequent increase of delay time. It is necessary to
note that, in all the above measurements, the time
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delay for SSSL output was much less than the pump
pulse duration and the center of the tuning band was
approximately an order of magnitude less.

4. Second-harmonic generation of Superbroadband
Solid-State Laser radiation

To obtain SHG of superbroadband radiation in a sin-
gle nonlinear crystal, it is necessary to satisfy two
requirements. The first is the phase-matching con-
ditions for all oscillating wavelengths. The second is
to provide high radiation intensity inside a nonlinear
medium that would be sufficient to obtain high con-
version efficiency.

The possibility of obtaining SHG of broadband la-
ser radiation with a spectral width of as much as 100
A using the compensation of phase-matching angular
dispersion in a nonlinear crystal with angular disper-
sion after the grating was demonstrated in a number
of papers.1213 In a SSSL the simultaneous SHG
must be realized for superbroadband radiation with a
spectral width that is greater than ten times
wider—as much as 1500 A.

The angular distribution of oscillating wavelengths
in SSSL output radiation after the grating is de-
scribed by Eq. (1). If we consider that laser oscilla-
tion with 1.14-pm radiation wavelength travels along
the laser axis, the angular distribution of different
oscillation wavelengths is as follows:

a(N\) = arcsin(\; 14/2d) — arcsin(A/2d).  (11)

The collimation of the SSSL output with a standard
spherical lens changes the slope of the angular de-
pendence with respect to the lens focal length and its
position. Its angular magnification can be written
using a standard lens formula such as

M =tan a,/tan o, = a/b = (a — F)/F, (12)

where «,,, and o, are, respectively, the angles of
refracted and incident beams; a and b are the object
and image distances; and F is the focal length of the
lens. Thus, the total angular-wavelength distribu-
tion of collimated SSSL IR output can be described as
follows:

a(\) = arctan[(a il tan[arcsin(\; 14/2d)

- arcsin()\/2d)]]. (13)

To obtain simultaneous SHG of the SSSL output
with such angular-wavelength distribution, it is nec-
essary to derive the wavelength dependencies of
phase-matching angles for different nonlinear crys-
tals. Lithium niobate, KDP, lithium iodate, BBO,
KTP, and Banana nonlinear crystals were considered
in our analysis. The expressions for the phase-
matching angles and refractive indices of the above
crystals can be written according to Ref. 14. The
types of phase-matching condition can be divided into
two main groups: (1) ooe or eeo and (2) oeo or oee.
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Fig. 3. Wavelength dependencies of phase-matching angles for
SHG outside nonlinear media for LiNbO; (curve 1), Banana (curve
2), KTP (curves 3 and 4), LBO (curve 5), LilO; (curve 6), BBO
(curve 7), and KDP (curve 8) crystals. All the crystals are cut for
1.14 pm. Dashed curve 9 corresponds to the angular-wavelength
distribution of SSSL output in the near IR.

As the IR output of a SSSL has angular distribution
and enters the nonlinear crystal under different inci-
dent angles, for the second group, the angles for o and
e IR interacting beams inside the nonlinear crystal
will be different. This means that only the first type
of phase-matching conditions can result in the simul-
taneous SHG of SSSL output radiation and thus is
considered in our analysis.

The calculated wavelength dependencies of phase-
matching angles outside the SHG crystal for different
nonlinear media are shown in Fig. 3. The SHG crys-
tals were considered to be cut for the central wave-
length of the oscillation spectra, that is, 1.14 pm.
The results on the slope and averaged curvature cal-
culations are shown in Table 1. One can see that
LiNbOj; (curve 1in Fig. 3) and Banana (curve 2 in Fig.
3) crystals have very strong angular dependencies in
the 1.08-1.25-pm spectral region and can hardly be
used for SHG for SSSL. The dependence for LilO4
crystal (curve 6 in Fig. 3) has the same slope as that
for IR output of SSSL, whereas its curvature is

slightly different. To use KTP crystals for SHG, it is
necessary to install a collimator with angular mag-
nification of approximately 1.6. This also results in
a corresponding increase of the curvature of the out-
put radiation dependence and higher discrepancy of
the angular dependencies at the edges of the oscilla-
tion spectral range.

BBO and KDP crystals are also promising for ob-
taining simultaneous SHG of SSSL output. For
these crystals it is necessary to collimate the IR out-
put with magnifications of 0.28 and 0.3, respectively.
This results in an increase of the image distance and
size of the beam spot. The drawback of KDP crystal
is its small nonlinearity and correspondingly low con-
version efficiency.

For our testing experiments a LilOg crystal was
chosen as it has the same slope of angular depen-
dence and there is no need for any angular magnifi-
cation in the collimator. At the same time it has a
high nonlinear coefficient that is 12 times higher than
that for KDP and three times higher than that for
BBO. A 15-mm-long LilO4 crystal with a collimat-
ing lens having a 70-mm focal length placed 140 mm
away from intracavity aperture A provided no angu-
lar magnification to obtain the best fit of the angular
distribution of the IR SSSL output and phase match-
ing with SHG visible radiation in a nonlinear crystal.
The highest conversion efficiency was obtained when
the SHG crystal was placed in the focal position of the
vertical plane. Spherical focusing of a divergent el-
liptical SSSL infrared output radiation into a SHG
crystal results in rainbow elliptical visible radiation.

The results of obtaining simultaneous SHG in a
LiJOg nonlinear crystal of record wide superbroad-
band spectra of continuous spectral distribution with-
out a sharp reduction are presented in Figs. 4—6.
Because of different second derivatives there is some
deviation in the angular dependencies between the
dependence for LilOg crystal and that for the diffrac-
tion grating. This results in the SHG of only 80% of
the superbroadband oscillation spectra with an over-
all efficiency of 10%. It is worth mentioning that

Table 1. Slope and Curvature at 1.14-pm Wavelength of the SHG Phase-Matching Angle Dependence Versus Wavelength in Some Nonlinear

SHG Crystals
Angle with
Curve Respect to the Type of Phase Slope at 1.14 mm Curvature at 1.14
Number Crystal C Axis Matching (X107 2nm™1) um (X 1074 nm™2)
1 LiNbO, 64.45 ooe 22 12.25
2 Banana 65.96 ooe Y-Z plane 21.7 10.08
3 KTP 45.51 eeo X-Z plane 7.3 2.43
06 < Vz2)
4 KTP 35.77 eeo Y-Z plane 7.4 2.18
5 LBO 33.13 ooe X-Z plane 1.3 1.23
(6 < Vz)
6 LiIO3 27.89 ooe 4.7 1.19
7 BBO 21.8 ooe 1.7 0.72
8 KDP 41.72 ooe 1.46 1.22
9 Diffraction 4.7 -0.37
grating
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Fig. 4.

developing a collimator with special correction of its
surface shapes can result in a complete overlap of the
angular-wavelength dependencies and can increase
the total SHG efficiency to the typical values of SHG
for a narrow line laser oscillation.

5. Divergence of Superbroadband Solid-State Laser
Output Radiation

As was shown above the infrared output radiation of
a LiF:F,~ SSSL has high rainbow divergence in the

Image of the SHG of LiF:F,~ SSSL 4.3 m away from the SHG crystal in a multifrequency operation without collimation.

horizontal plane determined by Eq. (1). In the ab-
sence of any collimating optics, its divergence is ap-
proximately 10 deg for the whole oscillation spectra
from 1.09 to 1.25 pm. But the divergence of each
narrow line laser is low and can be determined by the
laser mode structure. Previously it was shown that
it is possible to obtain single transverse mode opera-
tion using an appropriately sized aperture.* The di-
vergence measured in such a case was low and it was
found to be between 0.4 and 1 mrad in the horizontal

Fig. 5.
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Image of the SHG of LiF:F,~ SSSL 4.3 m away from the SHG crystal in a superbroadband operation with horizontal collimation.



Fig. 6. Image of the SHG of LiF:F,~ SSSL 4.3 m away from the SHG crystal in a superbroadband operation with both horizontal and

vertical collimation.

plane and 3 mrad in the vertical plane. The same
values for divergence were obtained for visible and IR
output radiation. Without any collimation, the im-
age of the second harmonic output, 4.3 m away from
the laser, resembled a strip 38 mm high and 305 mm
wide with the wavelength distribution continuously
changing from red to yellow and finally to green.
This corresponds to divergences of 9 and 71 mrad in
the vertical and horizontal planes, respectively. The
installation of a net aperture in front of the input
mirror allows for switching a continuous wavelength
distribution in the SSSL output to the multifre-
quency regime of operation. The sizes of the spots
with different wavelengths at a screen 4.3 m away
from the nonlinear crystal were also 38 mm in the
vertical plane and vary from 21 to 28 mm with re-
spect to its wavelength (21 mm at the red edge and 28
mm for the green) for eight wavelength oscillations
(see Fig. 4). The size of complete multifrequency
spectra corresponded to the size of continuous super-
broadband spectra and was equal to 305 mm.
Differences in the divergence of the visible SSSL
output in the two planes require the use of different
collimating optics. The use of a cylindrical lens with
f = 100 mm located 100 mm from the SHG crystal
allows for seven times reduction of the divergence of
the output radiation in the vertical plane, yielding a
value of approximately 1.3 mrad. The horizontal
collimating lens was placed at a distance L, = F, =
260 mm from the SHG crystal. This resulted in a
7.5 times reduction of the image size in the horizontal
plane, whereas the divergence became less than 9
mrad. In this case the multicolor rainbow feature of
the strip vanished and the image color became simi-
lar to bright sunlight (see Fig. 5), which is why we call

our laser a sun-color laser. The horizontal diver-
gence of the separate components in the collimated
multifrequency SSSL output was found to be 5-6
mrad. Thus, the total divergence of the multiline
sun-color SSSL was higher than it is for its separate
components, but, in this case, it was possible to real-
ize good spatial overlap of the various wavelength
components in a single spot. The result of the best
collimation of SSSL output in both planes is shown in
Fig. 6.

Finally, it is necessary to note that the results that
we obtained were not restricted by the internal fea-
tures of a superbroadband laser but demonstrate the
simple possibility to collimate and to obtain a differ-
ent spectral distribution in SSSL output radiation
and to provide various colors in it from green to red,
sun-color beam, and various spatial shapes of beam
cross section from single point to rectangular and
linear.

6. Conclusions

The results obtained have shown that the super-
broadband color-center laser can provide low-
coherence radiation with characteristic laser
features: high-intensity light with good collimation
in time and space but spread along the frequency or
wavelength axes. The temporal delay between dif-
ferent wavelength components was found to be less
than the nanosecond laser pulse duration and to de-
crease with increased pump intensity. The high
spatial features of SSSL output provides the possi-
bility for collimating and focusing output radiation
similar to the radiation of a conventional laser source,
obtaining high frequency mixing in the focal point
and obtaining low-coherence laser light with a spec-
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tral width of 1400 A in the near-IR spectral region
and 700 A in the visible range from green to red (sun
color).

The investigation of SHG of a LiF:F,~ SSSL simul-
taneously in one nonlinear crystal has shown that the
promising SHG crystals are LilO5, BBO, and KDP.
A complete overlap of angular-wavelength dependen-
cies of phase-matching angles and SSSL IR output
radiation can be obtained only by using a specially
designed collimator, whereas the use of a standard
spherical lens in the above experiments have shown
good results with a LilO; SHG crystal.

This research was partially supported by National
Science Foundation grants OSR-9450570 and OSR-
9550480, International Science Foundation grant
MTB 300, and Ministry of Science and Technical Pol-
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