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Abstract

We have explored the impact of 266 nm pump-induced solarization on the 290 nm laser performance of Ce: LiSrAlF,
crystals. Among the issues considered are the incorporation of codopants (e.g. Na*, Mg?*, Zn?"), and the use of an
additional 532 nm beam to rapidly destroy the interfering color centers. The solarization mechanism has been unraveled
and found to involve two-photon creation of color centers (via the 4f — 5d — conduction band pathway of Ce’*),
followed by the one-photon bleaching of the color centers. Ce: LiSrAlF,, (Ce: LiSAF) laser slope efficiencies as high as
47% can be achieved with the simultaneous introduction of the 266 nm pump and 532 nm bleaching beams: 33% with

the 266 nm beam only.
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1. Introduction

Attempts to identify and devise solid state lasers
based on the Ce®* dopant date back almost two
decades now, when its potential for laser action
based on the ultraviolet (UV) 5d — 4f transition
was first explored [1]. The essential physics of the
Ce* " ion appears promising for laser action, in that
the 5d — 4f transition is strongly dipole-allowed
(assuring high gain with a nanosecond-scale pump
pulse), and exhibits substantial emission bandwidth
for broad tunability [2]. The implementation of
Ce-laser technology has been challenged however,
by issues surrounding solarization or coloring of
the materials, arising from liberating an electron
from Ce** to form color centers [3]. Since color

* Corresponding address.

center absorptions are characterized by oscillator
strengths an order of magnitude greater than
those of 5d—4f transitions (f= 0.1 1.0 versus f =
0.01-0.1), they can be anticipated to be detrimental
to efficient laser performance.

The 1nitial laser demonstrations of crystals such
as Ce:LiYF, and Ce: LaF; were both enticing and
disappointing [1,3]. While clear observations of
laser action were realized [4], UV-induced solariz-
ation effects led to low efficiency and repetition
rate. Furthermore, as it turns out, other crystals
considered such as Ce:CaF,, were afflicted so
severely by solarization that it was not possible
to achieve lasing [5]. Recent reports of stable
laser performance or gain in Ce:LiSrAlF, [6].
Ce:LiCaAlF, [7], and Ce:LiLuF, [8] have re-
newed enthusiasm for the prospects of tunable UV
solid state laser sources. These reports must be
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tempered by the general finding that Ce**-doped
materials tend to exhibit UV pump-induced color
centers; the color center absorption spectra have
been documented for CaF, [4,5], LiYF, [9],
LiLuF, [10], LiSrAlF, [6], and Y3;Al;0,, [11].

It is worthwhile to briefly review the basic phys-
ics of the UV pump-induced losses impacting the
5d-4f laser transitions. In order for an electron
released from the Ce** ion to then become trapped
at a color center, the rare earth ion must first
experience an electronic transition from the 5d
orbital to the conduction band (CB) of the host
medium. Recent articles by Lawson et al. [12] offer
extensive characterization of the 5d—CB
transition for the Eu®" rare earth ion in fluorite-
structure crystals (e.g. CaF,, SrCl,, etc). The
5d —» CB transition is found to be both broad
(~eV) and strong (f=0.1). The spectral width
arises from the broad density of states function
characterizing the conduction band. Interestingly,
the 5d — CB transition of Eu?* in LiCaAlF, was
also explored and found to be significantly blue-
shifted compared to CaF, (~ 1.5eV). This result is
interpreted in terms of the position of the rare earth
5d state being deeper within the band gap, and is
strongly suggestive that the favorable laser perfor-
mance of Ce-doped LiCaAlFy is traceable to this
same phenomenon. The 5d — CB transition turns
out to be weaker and blue-shifted in LiCaAlF4 at
the pump and laser wavelengths compared to other
Ce-doped crystals, leading to reduced excited state
absorption and solarization losses. Fig. 1 qualita-
tively depicts the relationship between the 4f and 5d
levels of Ce*, the valence and conduction bands of
the host, and the existence of trap states (i.e. color
centers). It is noteworthy that the case for ascribing
the excited state absorption to the 5d — CB
transitions was first made for Ce®**:Y,Al;0,,
[11,13,14] on the basis of the theory of Pedrini
et al. [15].

The present work builds on several recent pa-
pers, including the discovery of Ce:LiCaAlF
by Dubinskii et al. [7], our own report on Ce:Li
SrAlF, [6], and a parallel effort by Pinto et al. [16]
While the LiCaAlF¢ and LiSrAlF, crystals were
originally developed as hosts for the chromium ion
(viz. Cr: LiSAF), the special utility of Ce®** substi-
tuting for Sr?* represents a remarkable extension

Fig. 1. Qualitative drawing of host band states and Ce® * energy
levels suggesting numerous processes that may be important,
including Ce ground state absorption (o,), excited state ab-
sorption (ESA) from Ce** to the conduction band (CB), color
center absorption (o, ), emission (G, ), and the efficiencies of
bleaching and solarization (1, and g,,).

of utility for this material [17]. Ce: LiSAF never-
theless does benefit from the mature level of crystal
growth procedures developed for Cr:LiSAF and
the ready availability of high quality material [18].
In fact, Ce:LiSAF has already served as the gain
medium in a SO, and Oj lidar system [19].

The content of this article is divided into three
main sections: first we document the presence of
substantial solarization losses, then the physics of
solarization is elucidated, and finally the use of an
additional visible pump beam for reduced solariz-
ation (and enhanced laser efficiency) is presented.

2. Laser efficiency and pump-induced loss

The absorption and emission spectra of
Ce: LiSAF are displayed in Fig. 2 on an absolute
cross section scale, as adapted from Ref. [6]. As
previously recognized, Ce: LiSAF has been found
to operate most efficiently when both pumped and



A.J. Bayramian et al. [ Journal of Luminescence 69 (1996) 85-94 87

T T T

; Ce3+LiSrAlF

| JLJLA BN A B S B B A e S M B e

—
o
-
o

Emission cross section (10-18 cm2)

60

«©

n-polarization 4

N » (o]

(]

Absorption cross section (10-18 cm?2)

L L I B L LA N
220 240 260 280 300 320 340
Wavelength (nm)

Fig.2. Absorption and emission spectra of Ce: LiSAF presented
on absolute cross-section scales.

lased with the light field n-polarized (i.e. electric field
along the ¢ axis of the uniaxial LISAF host medium).
In our previous study we also found that excited state
absorption (ESA) at the pump and laser wavelengths
has a profound impact on the performance of the
laser system. For example, the m-and o-polarized
pump absorption cross-sections (in units of
107 % cm?) are nearly isotropic at 7.3 and 6.6 at
266 nm, respectively, while the ESA values are 6.5 and
23 - giving rise to an overwhelming preference for
n-polarized pumping to avert ESA losses. Similarly,
the n- and o-polarized emission cross-sections at
290 nm are o, = 9.5 and 6.1, versus oggs = 2.7 and
4.6 for ESA, respectively. Since the stimulated emis-
sion gain cross-sections are given by the difference
Guain = Oem — Ogsa - the - and o-polarized values are
6.8 and 1.5, respectively, again indicative of a rather
large level of gain anisotropy. Table 1 contains a sum-
mary of these parameters, and others to be addressed
later in this paper. The emission lifetime of Ce : LiISAF
was previously measured to be 28 ns.

The slope efficiency obtained with a simple two-
mirror, near-confocal Ce:LiSAF oscillator pum-
ped at 266 nm with a quadrupled Nd: YAG laser
can be described with [20]:

- ﬁﬂ Oem — OEsa
: hv, Te Gem

] ln(l B Toc) (1)
11l = Ty + In(1 = Ly)

Table 1
Parameters characterizing Ce: LiSAF laser performance (cross-
sections, o. in 107 '8 ¢cm?; efficiencies. #, are unitless)

Parameter; n-polarized o-polarized Source

wavelength

Caps’ 266 NM 7.3 0.6 Ref. [6]

Cem/290 NmM 9.5 6.1 Ref. [6]

Opsa/ 266 nm 5 23 Ref. [6]

Ogsa 290 nm 2.7 4.6 Ref. [6]

Gain/290 Nm 6.8 1.5 Ref. [6]

Ot/ 266 N 6.2 Fig. &

Gyo1/457 nm 3.0 13.6 Figs. 5 and §

Heol/ 266 NM - 0.039 Fig. 8

Hp1/ 266 NM - (1.0) Fig. 8 values of
0.3 1.0 acceptable

/457 nm - 0.046 Fig. 7 with 01/

457 nm

where hv, and hyv; are the pump and laser photon
energies, 1, is the pumping efficiency. T, is the
output coupling, L, is the double-pass loss, and the
cross-sections correspond to the 290 nm laser out-
put wavelength. , is intended to be defined with
respect to the absorbed pump energy. If we suggest
that n, can approach unity with appropriate ad-
Jjustment of the Ce doping density and the pump
spot size, then the so-called intrinsic efficiency (i.e.
Ly =0;n, = 1) is defined as [20]:

hvi\ [ Gem — Ogsa
o <hvp>< Cem @)

Substituting in the parameter values yields a theor-
etical value of o = 66%. The experimentally de-
rived value of n, is discussed next.

The laser efficiencies of two representative crys-
tals were evaluated with output couplings of 50%
and 5%. The Ce:LiSAF crystals were located at
the center of a cavity formed by two 10 cm radius-
of-curvature mirrors separated by 11 cm. The high-
est efficiencies (plotted in Fig. 3) obtained for the
two output couplers were 33.1% and 5.5% for
To. = 50% and 5%, respectively. Applying Eq. (1)
(with 5, = 1) we deduced that L4 =36% and
no = 55%. An independent evaluation of a second
crystal yielded Ly = 46% and n, = 54%. Recalling
that the calculated value of 54 from Eq. (2) above is
66%, we can infer that the remaining discrepancy
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can be attributed to the pumping efficiency of
Hp = 83%.

Overall, the intrinsic efficiency #g is understand-
able in terms of the quantum defect, and ESA at the
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Fig. 3. Laser efficiencies obtained for Ce:LiSAF with 2% Na
codoping (in melt) for 5% and 50% output coupling values at
290 nm.

Table 2

Absorption properties and cerium concentrations of laser crystals

pump and laser wavelengths. On the other hand,
the surprising result is that the single-pass loss of
the best samples is in the range of 20%, an enor-
mous value for a sample < | cm in thickness. Since
we cannot account for this level based on the pass-
ive losses present in the material from absorption
and scatter (< 0.2% cm ™! for LiSAF, 3% cm ™ ! for
LiCAF), we surmise that pump-induced solariz-
ation is responsible for the high loss level. In the
next section we explore the basic physics of the
solarization mechanism and infer the means by
which its adverse impact can be mitigated.

3. Solarization and bleaching

The solarization spectra and its UV pump-
induced strength may be influenced by the prepara-
tion and composition of the Ce:LiSAF material,
including the addition of codopants along with
cerium. Since on the basis of ionic size consider-
ations it is only possible for Ce** to substitute for
the Sr?* host ion, the *1 charge mismatch can
potentially be compensated by the incorporation of
additional dopants. The samples tested are listed in
Table 2, where it is seen that the Na*, Mg?*, and
Zn*" codopants were considered [21]. The Na*
codopants are of interest because they can substi-
tute for the Sr** host sites to provide charge com-
pensation. While the emission spectra of pure
Ce: LiSAF and Na-codoped material were similar,

Crystal designation® Peak absorption

Ce?** content from Distribution coefficient

coefficient n—pol (cm ™ ') from o,,_ (10" cm™?)
1.5% Ce:LiSAF 10.1 0.140 0.011
2% Ce:LiSAF 17.4 0.242 0.014
2% Na, 2% Ce: LiSAF 15.0 0.208 0.012
4% Na, 2% Ce:LiSAF 12.9 0.179 0.010
2% Mg, 2% Ce: LiSAF 7.8 0.108 0.006
2% Zn, 2% Ce:LiSAF 8.6 0.119 0.007
2% Ce:LICAF 7.0 0.097 0.006
2% Ce:Li(Sr, 4 Ca, ,AIF,) 136 0.189 0.011

@1, =88x10'"cm™? for LiSAF; 9.6 x 10'°cm ~ 2 for LiCAF.
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the Mg and Zn codopants cause substantial in-
homogeneous broadening of the emission band, as
deduced from the emission data in Fig. 4. These
spectra were obtained with the 266 nm fourth har-
monic of a Nd: YAG laser, and by collecting and
processing the Ce emission with a lens system,
polarizer, 0.32 m polychromator (150 pm slitwidth;
600 groovemm ™! grating), and optical multichan-
nel analyzer (OMA). The increased spectral width
of the Mg. Ce:LiSAF crystal indicates that the
Mg?* ions impact the nature of the Ce environ-
ment, perhaps by substituting for the nearby Al*~*
ions (for overall charge neutrality). It is noteworthy
that the melts containing divalent compensator
ions proved more difficult to grow and gave sub-
stantially smaller yields. {21].

Part of the motivation for including codopants in
the melt is to increase the Ce segregation coeffi-
cient, k. defined as Ce** in the crystal divided by
Ce in the melt. From the data in Table 2 it is seen
that k 1s between 0.010 and 0.014 for the pure and
Na-doped Ce:LiSAF crystals. This value agrees
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Fig. 4. Comparison of Ce:LiSAF emission spectra obtained
with Na™ and with Mg?* codoping.

with our previously assessed [6] constant of
k =0.013. It is also noteworthy that the Mg*~
and Zn’?* codopants actually decrease the Ce* ™ k-
value. Also, Ce:LICAF offers about half the
Ce-content, as previously determined [6].

We explored the solarization behavior of the
samples listed in Table 2, and found that the
codopants could substantially affect both the shape
and strength of the UV-induced spectra. For these
experiments, the solarization defects were induced
with a 266 nm Nd: YAG pump. while a continuous
wave deuterium lamp (filtered through a pinhole)
served as the probe source. A polychromator/OMA
combination was employed along with lenses and
a polarizer to monitor the probe. Importantly,
a shutter was also positioned before the poly-
chromator in order to block the (nanosecond time-
scale) emission light emanating from the sample. The
appropriate UV-induced and electronic backgrounds
were subtracted from the data using a standard pre-
scription [22] to produce the spectra in Fig. 5.
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Fig. 5. {a) Solarization spectra of Ce: LiSAF recorded for sam-
ples containing Na* and Mg?" codopants, employing n-polar-
ized pump and probe light, and (b) with o-polarized pump and
probe light.
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[lustrative solarization spectra with the pump
and probe beams both m-polarized are shown in
Fig. 5(a) for the Na, Ce: LiSAF and Mg, Ce: LiSAF
samples. The related fully o-polarized spectra ap-
pear in Fig. 5(b). The Mg-containing material pro-
duces a spectrum that is different in shape (possibly
broadened), and also considerably stronger for
a given pump fluence. In addition, we see that the
n-polarized spectra are both weaker and have a dif-
ferent shape than those that are o-polarized; these
differences are beneficial to the n-polarized opera-
tion of the laser. Lastly, the very broad spectral
width of ~ 2eV for all the spectra reflect the in-
volvement of the conduction band states as the
terminal levels of the electronic transition.

Fig. 6 is a bar chart of the solarization loss levels
at 457 nm resulting from the four possible combi-
nations of pump and probe light. Interestingly, the
main difference arises from the probe polarization
change alone. This observation may seem surpris-
ing at first since Oggs is 4.5 x larger in the o-
polarization of the pump beam, leading to a greater
solarization rate. As we shall see later, however,
a critical ingredient in the solarization mechanism
entails the bleaching of the defect by the pump
light. Since we also expect the bleaching to be more
effective when the laser is o-polarized (see Fig. 5),
we find that the increased color center production
is counterbalanced with their increased bleaching,
leading to a similar net absorption level. This idea
1s discussed quantitatively below.

One of the manifestations of bleaching behavior
is presented in Fig. 7, which is a logarithmic plot of
the defect lifetime, 1, versus the 457nm intensity, I.
The simplest model of light-induced annihilation of
the solarization defect population (N,) can be de-
scribed with

dNgy  Neal
- = (3)
dt Fy

where F, is a fitted constant, and the defect lifetime
in the presence of the light field becomes
T = Fo/I. Here we assume, and have validated,
that the natural lifetime of the defect in the absence
of light is very long (> days). With the data in Fig. 7
we are able to deduce that Fy = 0.7 Jecm ™ 2. On the

Absorption coefficient at 457 nm (cm-1)

G-C -G o-TT -1
Pump-probe polarization

Fig. 6. Comparison of solarization level measured on six differ-
ent spots for the Ce: LiSAF sample, for each of four possibilities
of pump and probe light.

101¢

102f

Log [decay time (s)]

103 : et
1 10 100
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Fig. 7. Plot of the solarization defect lifetime as a function of the
intensity of the 457 nm probe beam.

basis of straightforward considerations we can de-
scribe F as

FO = hv/(nbl : Gsol) (4)

where o, is the defect cross-section and #y, is the
efficiency by which the defect can be ionized (i.e.
annihilated). From Eq. (4) we calculate that %y, 64, =
6.2x107'% cm? at 457 nm.

In a separate experiment we examined the satu-
ration of the observed absorption at 457 nm as
a function of the 266 nm fluence (Fig. 8) for the case
where both beams are o-polarized. For these
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Fig. 8. Observed absorption level at 457 nm induced by varying
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experiments the 457 nm beam intensity was ar-
ranged to be sufficiently intense so that the sample
nearly recovered between laser shots at the 10 Hz
repetition rate. Using a model based on two-step
ionization of the Ce ion with efficiency .
followed by bleaching of the defect with efficiency
Hw as previously suggested by Hamilton and
coworkers [5, 9] we have the population equations:

ON 4 ~ GansNarl 166 I Nsq
2

5
t h\' Tsq ( a)

(Nsa  + OapNarlse6 _ Nsa
(AI h\’ Tsd

266
. Nso1Oesa Nsal 266 4 Ho1G g0l Nsotd 266

hv hy
(5b)
and
(N _ + Ms01OEsa Nsal 266 . N616 2 Neot 266
Ot hv hv ’
(5¢)
and the pump and probe intensities:
(“'1266 266
o = — CarsNar — OpsalNsa — Ol Nyoi»  (3d)
and
a1457
—(»{7_ = - G;L05]7NSOII457' (Se)

Here N4, Ngq. and N, are the populations of
the ground and excited states of Ce®”, and that
of the solarization defect, respectively. 154 = 28 ns
is the excited state lifetime, 1,44 and I,s, are the
266 and 457 nm source intensities, respectively.
From the fit to Fig. 8 we can derive that
Ho1 Ot = 6.2x 107 ¥ cm? at 266 nm, compared to
6.2 x 1071 cm? from the data in Fig. 7 obtained at
457 nm. Note that the ratio of defect cross-section
at 266 and 457 nm is set at 525°/c237 = 0.46 by the
spectral data in Fig. 5{b), so we must conclude that
the ratio of the bleaching efficiencies at 457 nm
compared to 266 nm is 0.046. While this result
could be construed as somewhat surprising, 1oniz-
ation efficiencies are often found to rise with shorter
wavelength excitation [15].

Now, upon examining a variety of parameter
inputs to the fit of Fig. 8, we find that ny, values of
0.3 to 1.0 are all adequate — we therefore take
ng = 1.0 at 266 nm somewhat arbitrarily at this
point, suggesting that all photons absorbed by the
solarization defect lead to its destruction (by liber-
ating its electron into the conduction band.) This
assumption implies that ny, = 0.046 at 457 nm. We
were also able to derive the value of the solarization
(1.e. formation) efficiency as #,,, = 0.039 at 266 nm.
as listed in Table 1.

4. Laser efficiency with antisolarant pump

In order to establish the correlation between the
pump-induced solarization and the laser efficiency,
it is worthwhile to plot the attained laser slope
efficiency (with 50% output coupling) against the
actual measured n-polarization loss at 290 nm aris-
ing from a 266 nm n-polarized pump beam. To do
this several of the slope efficiencies appearing in the
first data column of Table 3 are used as the input
data points for Fig. 9. The absorbed fraction at
290 nm was determined by employing the same
266 nm pump fluence for each crystal, although the
fluence did not correspond to that used in the laser
oscillator. In any case, the crucial deduction from
Fig. 9 is that the laser slope efficiency has a strong
tendency to decrease as the solarization loss rises.
Although the experimental errors are substantial
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Table 3
Slope efficiencies obtained for Ce: LiSAF laser with and without
use of 532 nm antisolarant beam

Crystal sample Slope efficiency Slope efficiency

266 nm pump 266 nm pump +
(%) 532 nm beam (%)

1.5% Ce: LiSAF 239 309

2% Ce:LiSAF 16.8 29.6

2% Na, 2% Ce:LiSAF 33.1 46.9

4% Na, 2% Ce:LiSAF 2838 429

2% Mg, 2% Ce:LiSAF 1.1 7.5

2% Zn, 2% Ce:LiSAF 130 -

2% Ce:LiICAF 29.0 290

2% Ce:Li(Sry ,Ca, , 17.9 272

AIF,)

for the data in Fig. 9, the correlation between de-
creased efficiency and greater solarization loss is
compelling.

Armed with the information that: (a) the solariz-
ation losses adversely impact the laser perfor-
mance, and (b) the solarization loss is bleachable,
we may deduce that it is possible to increase
the efficiency of the Ce:LiSAF laser by intro-
ducing a second antisolarant pump beam. This
is most easily accomplished by using the second
harmonic of the Nd:YAG pump source at
532 nm.

A clear test of the utility of this approach can be
accomplished by operating a m-polarized 266 nm-
pumped oscillator along with the additional o-
polarized 532 nm antisolarant beam introduced
within the pumped volume. This data appears
in Fig. 10, and it can be seen that the laser
output energy can be increased from about 0.18 to
0.24 mJ with the 532 nm beam, while keeping the
266 nm energy constant. This data can be fit to the
expression:

In(1 —T,.)

04

02

0.1F

Slope Efficiency (unitless)

0.0 L A 1 1
0.00 0.02 0.04 0.06 0.08 0.10
Solarization Absorbed Fraction (unitless)

Fig. 9. Plot of the measured slope efficiency of 7 crystals against
the absorbed fraction at 290 nm obtained with a 266 nm pump
and a deuterium lamp probe.
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Fig. 10. Graph of 266 nm-pumped Ce: LiSAF oscillator energy
as a fraction of the 532 nm antisolarant beam fluence.

Ly, are the double-pass non-bleachable and bleach-
able portions of the solarization losses, F 32 is the

Eou = 1olE, — Eth)l:ln(l —

where E,, is the 290 nm laser output energy, #, is
the intrinsic efficiency, E, is the absorbed 266 nm
pump eneigy, E,, is the threshold 266 nm pump
energy, T, is the output coupling value, L., and

6
TOC)‘I‘]n[l —Lnonb]—Lb]eXp(—F532/F332)]} ( )

antisolarant 532 nm pump beam fluence, and
F3?%is a fitted constant. The theory curve of Fig. 10
yields Lpone = 19%, Ly =27%, and F3?? =
4.6 Jcm ™ 2. This F,, value is roughly consistent with
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Fig. 11. Slope efficiency plot for 2% Na, 2% Ce: LiSAF laser
using a 266 nm pump and a constant 532 antisolarant beam.

the F3°7 =0.7cm™? parameter derived earlier,
noting that the spectra of Fig. 5(b) suggest the two
values should differ by about a factor of 2.5 (i.e.
4.6 Jcm ™ * measured at 532 nm versus 1.8 Jem 2
predicted for 532 nm from the cw 457 nm probe
laser experiment). In consideration of the very
different natures of the experiments involved in
Figs. 7 and 10, it is very encouraging to see that the
F,, constants have similar magnitudes.

We have measured the slope efficiencies of six
Ce: LiSAF crystals, some including the Na™,
Mg?* and Zn?" codopants, and have also exam-
ined the performance of Ce:LiCAF and of the
mixture Ce:LiSry5Caq ,AlF,. Then each of the
slope efficiencies was remeasured with the presence
of the 532 nm antisolarant beam. In most cases the
slope efficiency was significantly enhanced, reach-
ing as high as 47% for the 2% Na, 2% Ce: LiISAF
material preparation, as shown in Fig. 11. One
notable exception to this phenomenon is the
Ce: LiICAF sample, probably because the solariz-
ation spectrum is slightly blue-shifted and does not
actually overlap the 532 nm antisolarant beam
wavelength.

5. Summary

We have attempted to elucidate the mechanism
by which UV-induced solarization occurs in Ce**-
doped crystals, paying special attention to its

impact on the laser performance of the crystal.
While it appears that all Ce**-doped crystals ex-
hibit some level of solarization, the magnitude of
detrimental effect varies greatly - both among dif-
ferent crystalline materials, as well as among vary-
ing preparations of a given type of crystal. In the
course of this work we have discovered that Na~
codopants lead to much lower solarization than
Mg?* or Zn*" dopants.

We have also found that the solarization defects
formed in Ce:LiSAF can be destructively and
reversibly bleached with 532 or 457 nm light. which
falls within the solarization absorption spectrum,
by returning the electron to the conduction band
(CB) and therefore back to the cerium ion. Since the
color centers are initally formed by way of the
4f - 5d — CB excitation sequence, the creation and
annihilation of the color centers reach an equilib-
rium distribution for each pump level. Interest-
ingly, the remarkably favorable performance of the
Ce: LiSAF laser can be traced to either (or both)
the reduced creation of color centers or to their
enhanced rate of destruction. A detailed model and
mathematical fit appear in this article.

Ce: LiSAF has been confirmed to be a robust new
laser material, where a slope efficiency of 33% is
achievable with a 266 nm pump source. whereas 47%
is possible with the introduction of the additional
532 nm bleaching (antisolarant) pump beam. A slope
efficiency of 29% was attained for Ce: LiCAF.
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