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Spectroscopic study of Ce- and Cr-doped LiSrAIF ¢ crystals
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Undoped, as well as €& and CP" doped LiSrAlR (LiSAF) crystals have been examined by
Raman spectroscopy in order to identify the system’s molecular vibrations and the role of doping.
Furthermore the electron spin resonafiEER spectroscopic technique has been used to study the
distortions of the local crystalline environment of Ce. The analysis of the main ESR resonance
shows that the G& ions substitute for 3¢ ones in the structure and permit the description of the
electronic eigenfunctions and energy splitting of #5s, ground state. We have tackled the
distortion of the trigonal crystalline environment, induced by*Neodopants acting as charge
compensators to €&, and we have assigned the ESR resonances to Na occupying sites at various
distances from the Ce atoms. Our results indicate growth of high quality crystal2008®
American Institute of Physics[DOI: 10.1063/1.154291]7

I. INTRODUCTION spin resonancéESR) spectroscopy. ESR investigations of Cr
doped LiS{Ca _,F¢.® LISAF,” and LiSCaF mixed crystdis
LiSrAIFg (LiSAF) crystals doped with G and CE"  have described in detail the Cr site axial distortion and its
have recently attracted much interest as laser gaidlependence on disorder and temperature. In combination
materialst? with potential use in various medical, industrial, with optical measurements, the ESR data were used to deter-
environmental, and many other scientific applications. Thenine the electronic energy diagram of the*Ciions.
Cr-doped LiSAF crystals present optical bands in the visible  The CP* dopants in LISAF and LiCAF take the place of
spectral region allowing efficient pumping by visible laserthe AP* ions, which have similar ionic radir(=0.76 A for
diodes. Among their advantages are their high tunability and€Cr** and 0.67 A for AP"); the above substitution does not
their potential for generation of ultrashort laser pulses in theequire any charge compensation. On the other hand, the
near infrared spectral range. In comparison with the isostruoce®* ions, withr;=1.15 A, substitute for either the €a
tural Cr:LiCaAlR; (LICAF), Cr:LiSAF offers the advantage (r;=1.00 A) or the St* (r;=1.18 A) ones. Therefore, the
of higher absorption coefficients and a broader tuningCe®* ions are sixfold coordinated to neighbor fns, form-
rangel? however, the thermal quenching is stronger anding a strongly trigonally distorted octahedral crystal field
leads to a shorter Cr fluorescence lifeti€e:LiSAF and  with the S; symmetry. The excess positive charge introduced
Ce:LiCAF are also very attractive because of their ultraviolethy the Cé" atom is most probably charge compensated by
(UV) laser emission. Therefore, it is anticipated that an unii* vacancies. If these vacancies are placed near the Ce
derstanding of the structural and electronic characteristics aftoms, their local crystalline symmetry is further distorted
the doped LiSAF will allow the development of high quality changing from trigonal to orthorhombic. In such a way, reso-
and efficient flash- or diode-pumped UV and visible tunablenances with orthorhombic symmetry were identified in the
lasers. ESR spectra of the LICAF compoufidThe orthorhombic
The crystal structure of both materials, LICAF and distortion was also observed by splittings and broadenings of
LiSAF, has been examined by early x-ray diffractiodtRD)  the optical absorption and luminescence spéettrahe role
studies?}® showing that both crystals have the same trigonabf Li vacancies is crucial since they can possibly act as color
symmetry, with LISAF exhibiting a largec—a anisotropy.  centers® The presence of color centers causes a strong light
Nevertheless, neither the atomic oscillations nor the effect ofbsorption, which is anticipated to be detrimental to efficient
doping on the material's dynamical properties have beemaser performance. This mechanism is known as the solariza-
studied up to now. tion effect. In comparison to the Ce-doped LiCAF crystal,
On the other hand, the local crystalline environment ofCe-doped LiSAF generally suffers more from solarization
the dopant ions has been examined in detail because of if§sses, which results to a less favorable laser performénce.
role in the material’s optical and lasing properties. A very  The incorporation of N& in the crystal is often used for
useful tool in such studies has been proved to be the electratharge compensation purposes, in order to diminish the al-
ternative mechanism of the Li vacancies creation. Thé Na
Author to whom correspondence should be addressed; electronic mail@NS are expected to replace”Sy since they have a similar
akontos@central.ntua.gr ionic radius. Sodium has also been used in order to prevent
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the creation of vacancies in Ce:BaMgE and AD Al
Ce:BaMgR,'? and it was found to reside mainly in close I A
distances to the Ce atoms.

This study is divided into two parts. First, we have car-
ried out a comparative to Ce:LICAF ESR study of the LiISAF
compound, keeping, whenever possible, the notation used in
Ref. 8. Second, we have identified the Raman modes of the
LiISAF compound and we have examined the role of Cr and
Ce doping on the material’s properties. Finally some conclu- i b @
sions are presented in relation to the optical properties of the
material.
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Il. EXPERIMENTAL TECHNIQUE FIG. 1. Characteristic ESR spectra taken at 11 K, with the magnetic field in
. : e a—c plane at four different angles with reference to the axis: (a)
Undoped and Ce-doped LISAF crystals have been growrg‘z'?’ (b) 102.5°,(c) 117.5°, and(d) 184°. The spectra have been shifted

Usmg the. Czochralski _methOd- Cerium was COdOp_Gd Withyertically for clarity. Different resonance lines have been attributed to dif-
sodium with concentrations of 0.5 mol % in the starting ma-ferent local crystalline environments of the Ce atoms. The superscript index
terial. The final concentration is anticipated to approximatelyndicates degeneracy of resonan@eandD into one, two, or three lines.
0.007 mol% for Ce and 0.02 mol% for N&.Cr:LiSAF

single crystals doped with 1.5 and 3.5 mol % of Cr have beerﬁear 0° and 180°, three different peaks are clearly observed
grown using the zone melting methdt. ’

in the spectra. To the contrary, for the intermediate angles

The optical axis of the crystals was determined by taking[he ESR spectra are rich of resonance lines; the maximum

polarization measurements. Each sample was placed inbe- ,
. ) . number of peaks and the broader resonance field range were

tween two crossed polarizers. An intense light source was R .
observed for angles near 90°. All these peaks are interpreted

focused on the sample by placing a long distance focal Ienss being due to Ce atoms in different crystalline environ-

in front of the first polarizer and a fluorescent screen behin
ments due to the presence of Na charge compensators at

the second one. _The sample was “’t"?‘ted arour}d dIffere'gltifferent relative distances. The various peaksB, C, and
axes, each one oriented along the direction of the light propa=

ation. Thec axis was identified on its orientation parallel toaD’ correspond to different Na positions according to the in-
tghe rot.ation axis by its proberty of not affectin thg olariza_terpretation referred to in the following section. While the
. . y IS property 9 P strongA resonance dominates all spectra with a single line,
tion of the light that was crossing the sample independentl

of the rotation angle. Thus the incident polarized light Was){h(aB andD resonances are split in two lines having a ratio of

fully blocked by the last polarizer and it was not detected orﬁ)b%lit 1T:ﬁearid SZ’UD;H? ?ﬁjﬁgncz;?s g? i}lge;;)(rjaglgljilﬁzsa?éacent
the screen. ) I

The ESR measurements were carried out at 11 K angwarked in Fig. 1 by a corresponding superscript index. The

~9.4 GHz (X band in a Varian spectrometer. The sample most intense satellit® and C lines can be identified in all

was initially aligned with itsc axis approximately parallel to the spectra and have a ratio of about 3:1. The above-
o . mentioned intensity ratios are more or less preserved for all
the magnetic field ®=0); then, it was rotated about on an y P

axis perpendicular to the c-a plane, for the different angles and they are used as a criterion for the
—0°—90°—180° (i.e., wherew is the angle between the identification of the different resonances. Thelependence

axis and the direction of the magnetic field that is alwaysOf the various resonance lines has been grouped in (bts

lying on thea—c plane. A detailed set of measurements was and(b) of Fig. 2 for theA andB resonances and plotg) and

. R . . (b) of Fig. 3 for theC andD ones, correspondingly.
recorded in the range of 60°-120° where multiple peaks In Fig. 4 we have plotted the linewidthH of the main

were detectgd in the ESR spectra. Subsequently, the temperr%'sonanceﬂ\ line relative to the absolute temperatureAn
ture was raised up to 70 K under the control of a heater

. . ; exponential increase dfH upon increasingr is observed,
wounq around the cavllty and the ESR s:gnal in tie which suggests the Orbach process as the dominant spin lat-
direction was detected in steps of about 5°.

. . tice relaxation mechanisii:*® Accordingly we get
Raman measurements were carried out on a triple spec-
AE)

trometer (Jobin—Yvon T6400p in the backscattering con-
figuration. A light beam at a wavelength of 514.5 nm was kT
where kg is the Boltzman constant anlE is the energy

focused on the sample in a spot size ofvh and a charge

coupled devicéCCD) camera detected the Raman signal. An" . . .

Ar lamp reference signal was also recorded in each measurdifference between the ground and the first excited electronic
state. A substitution of our data to E(l) results inAE

ment in order to calibrate the frequency scale. The instru=" 14945 em L with fitt ~18.6+05 G and
mental resolution was equal to 0.3 cm 1, =149+=5 cm , with fitting parameters.=18. ' an

b=376+50 G.
Raman spectra were recorded with incident and scattered
light parallel to thec anda axis, in all possible combinations
Characteristic ESR spectra of the Ce:Na:LiSAF crystal(a-a, c-c, a-c). All samples, including that of the undoped
measured at different angles are shown in Fig. 1. Fow  reference, show the same Raman modes without any remark-

AH=a+bex;{— (1)

IIl. EXPERIMENTAL ESR AND RAMAN RESULTS
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» assigned to the axially symmeti@resonancéa) and the orthorhombic one

FIG. 2. (a) The dependence of th& ESR resonance peak position vs the p (p) The solid (open symbols stand for the doublisingly) degenerate
anglew between the direction of theaxis and that of the external magnetic line, respectively. The solid lines are fittings taking an a@land a rhom-
field. The fitting curve considers an axigltensor.(b) The same for thé bic (b) g tensor, correspondingly.
resonance. In this case the fitting is done with a rhorngliiensor. The solid '
(open symbols correspond to the doublgingly) degenerate line, respec-
tively.

SP™ site, has been drawn in Fig(e8, where theA position

of a Na" charge compensating ion in a far distance is

able differences. Characteristic spectra of the undopefiarked. _ o

sample are shown in Fig. 5. Eleven Raman modes were de- 1 h€ behavior of the resonance sién Fig. 1 suggests a
tected in the spectra at the frequencies 80, 141, 234, 25Qe lattice site with orthorhombic symmetry. Considering the
322.5, 377.5, 410, 437.5, 561.7, 578.5, and 843crdnder  Orthorhombic environment as a superposition of the initial
crossed polarizations the modes at 251 and 377.5'¢rad  distorted along the- octahedral systentabg) with another
almost vanished while the strongest mode at 561.7%oras ~ @xially symmetric distortiortalong an arbitrarg’), the final
reduced below 10% of its magnitude under the parahet biaxial g tensor ellipsoid has its two principal axes on the

polarization. c—c’ plane. Therefore, the orthorhombic systeyz can be
IV. DISCUSSION T
A. The g tensor and the assignment of the various 35 .
ESR resonances

The resonance position of the most inteAsgeak in the @ 30 7]
ESR spectréFig. 2(a)] presents an angular dependence with E
an axially symmetric effectivg(w) tensor defined as 251 T

g(w)=(g?co w+g? sirf w)*2 @) 20 . ]
By fitting our experimental data to the above equation we get ="
g,=2.255+0.004 andg, =0.735+0.005. The excellent fit- S e A
ting of the A line to Eq. (1) shows that théA-type Ce site 1

1000/T (K )

preserves a trigonal symmetry. This indicates that Ce, in this
case, Is quite '_SOlated f_rom nearbyanS- For '”_UStrat'Ve FIG. 4. The inverse temperature dependence of the main ESR resonance
purposes, a LiSAF unit cell, which hosts aCeion at a linewidth undertaken with parallel to thec axis.
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L taken into account by applying the site symmetry operations
of the Ce atom. In this way, such distortions that produce a
single line forcllB can reveal up to three different lines for
cL B, as it was observed in LiCA¥due to the presence of
Li vacancies near the Ce atoms.

As shown in Fig. 2b), the B peak indicates, in a good
approximation, a symmetric variation around the=90°
and a systematic splitting into two lines with an approximate
1:2 ratio (see Fig. L This suggests that we have a special
) s Mol i Nttt case where two of the three lines, which are expected in
100 200 300 400 500 600 700800 900 general, are superimposed. This case appears only when the

Raman Frequency (cm ) system axes, which describe the orthorhombic distorted en-

FIG. 5. The Raman spectra of the undoped LiSAF crystal recorded withVIronmem’ are near the hlgh symmetry direction pot 0

parallelc-c anda-a and crossed-c polarizations of the incident and scat- and ¥/= Ool (al§0¢= 120° and 240°, for the equivalent crys-
tered beams. The observed bands are marked with vertical lines. The bant@llographic sitesor = 30° (also ¢y=150° and 270f rela-

that are substantially reduced in thec configuration are marked by stars. tive to the crystallographic system. This is somehow ex-
pected since the trigonal distortion of the crystal in the
direction is very strong and it is hardly affected by the'Na
substituting ions. Therefore theaxis almost coincides with

Intensity (a.u.)

defined with respect tabcwith two angles, as shown in Fig.
6(b): (&) ¢ angle betweer andz and(b) ¢ angle betweem  he ¢ axis andg, remains the larger component of tige

and the projection ot to thea—b plane. o tensor. On the other hand, the Nions are responsible for

Thg 3”9‘,"” depeqdence c,’f aresonance line In the orth(?he orthorhombic distortion of the axial environment in their
rhombic environment is described by a spin Hamiltoffian direction relative to Ce, i.e., the Sr—Sr bond direction, which

He=1159xBxSc+ p0yB,Sy+ 1pg,B,S; . (3  for adjacent Sr sites up to the third neighboring distance, sets
at y=0°. Under these assumptions we have solved Ejs.
and (5) for the B resonance data in Fig.() getting ¢
9?=ggl2+gim?+gin?, (4 =-0.8° ¢=0°, g,=0.7550.008,9,=0.635+0.008, and
g,=2.320£0.008. The above resonance shows the maxi-
mum deviation from the inherent trigonal crystal field and
the strongest orthorhombic distortion. Thus, it is attributed to
1=sinw COS¢p COSy— COSw SiN @, (58  the closest C¥ —Na' position, namely the first neighboring
Sr positions in thea—b plane, marked aB sites in Fig. 6a).
Moreover, this resonance is quite intense, implying a prefer-
Nn=sinw Sin ¢ COSy+ COSw COSp. (5¢)  ence of the Na to be placed near the Ce site.

Each lattice distortion by a dopant or a vacancy in a neigh- Correspondingly, thet site is attributed to the second
: X 0y P acancy '9 neighboring Na ion position, which is that of the Sr neigh-
boring to Ce lattice site can produce a distinct crystal field,_ ~ - . S .

: . . : : boring atoms in the direction[see Fig. €6)]. These atoms

environment. For each distortion the equivalent sites are S .
are only in slightly larger distances than tBeones. How-

ever, theC:B coordination number ratio is 2:6, i.e., 1:3; this

A is the ratio of theC:B peak intensities in the ESR spectra.

Due to the distortion of the crystal field environment in the

The effectiveg value is given now by

wherel, m, andn are the direction cosines of the magnetic
field relative to thexyzsystem axes, i.e.,

m= —sinw siny, (5b)

o
o
o
o
o
o

1 —— trigonal axis, theC resonance appears with a single line, in
By° the same way as the resonamcbehavior, having an effec-
°fl* tive axial g tensor equal tog,=2.201+0.005 andg,;

ool ’ B =0.779+0.005.
The D resonance has the characteristic split behavior of
°A1.3+ ’ oLi+ the B one. The treatment according to E¢). and(5) yields
g || C ¢=-—1°, ¢=0, andg,=0.758-0.015, g,=0.702+0.015,
a - b and g,=2.255+ 0.005. Accordingly theD resonance lines
C'<<D>'Sr2+ are attributed to Na sites at the third neighboring distances

from Ce, i.e., the diagonal Sr sites in theb plane as shown
(a) (b) N Flg. 6(&) _ _

Finally, very weak resonance lines were observed in the
FIG. 6. (a) A schematic diagram of the LiSrAjFcrystal structureA label spectra obtained near=90°, which may be attributed to Na
indicates a Na atom lying far from the Ce dopant positBnC, andD s in intermediate distances fromandD sites. Remark-
labels show the Nasites up to third neighbors to a Ce dopadt.andC, biv. Li . he C d db
stand for the first and second neighbors to the Ce lattice sites'ofddan- anly, |'vaca'1nC|e's near the Ce atoms Were ”‘?t etected by
cies.(b) A drawing of the principal crystalline axes system, where the mag-ESR, since in this case the crystal field distortion would be

netic field is in thec—a plane and points at an angleto thec axis. The  very strong with resonance lines in a broad resonance field
transformation of the axes is shown for an orthorhombic environment a}.ange8
arbitrary anglesp and ¢ relative to the principal axes system. )
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TABLE I. The numerical principal values of the effectigetensor and the coefficients of the ground state
electronic eigenfunctions deduced from the positions of the” GSR resonances in Ce:LiSAF. The values in
parenthesis correspond to Ce:LiCAFor the positionsA, B, G andD of the Na" ions andB, , C, of the Li
vacancies relative to a Ce dopant, refer to Fi@).6

A ® B (B c (< D
g, 0.735 (0.965 0.755 (0.95 0.779 (0.84 0.758
g, 0.735 (0.965 0.635 (1.27 0.779 (1.19 0.702
g, 2.255 (1.725 2.320 (1.54 2.201 .77 2.255
Orat 3.068 (1.788 3.338 (1.387 2.825 (1.753 3.089
ENG) 54.7 (48.4 56.0 (45.9 54.0 (48.2 55.1
a 0 (0) 0.022 (0.047 0 (0.053 0.010

aSee Ref. 8.

The relative intensities of the ESR lines can be used irwhere ug is the Bohr magneton ang, =6/7 is the Lande
order to estimate the probability for Na to occupy one of thefactor for the?F s, state.
Sr sites. The intensity ratic&(+ C)/(A+B+C+D) (Fig. 1 Accordingly, the effectivey factor for the| + 2) is calcu-
leads to an occupation probability for a Na atom, in one ofi;1q as
the six Sr neighboring sites around a Ce dogaiiesB and
C), of about 21%. Taking into account the actual Na concen- 9. =39L cos o (9a)
tration of approximately 0.02% in the sample, the abovegng
probability is over 1000 times that expected upon a random )
distribution of Na in the crystal. In a similar manner, the |91 =9L(5 Sirf 9 —cos’ ). (9b)
occupation probability for th® site, deduced from the par- The orthorhombic distortion introduced by the N#ns in

tial intensityD/(A+B+C+D) in Fig. 1, is about 5%. nearby sites to Ce is taken into account by the introduction of
B. The ground electron state and the crystal field an extra termB303 in the crystal field Hamiltoniah>® The
distortion by Na * charge compensators new term is considered as a perturbation of the terms in Eq.

(6). The expected ground state electron eigenfunction results

from the|=3) in Eq. (7) slightly modified by the admixture
of the other states in the same equation as

The ground state of the €& free ion is?F. Under the
spin—orbit interaction, théF state is split into thé?Fs,
ground state and th&,/, one, which lies about 2200 cm
higher. This difference is much greater than the energy split- T En — 3\ — 5\
ting produced by the crystal field. So, in a first approxima- =2 =N(=2)FalF2)=5lF2) (10
tion, we take the total angular momentuhs 5/2 as a good WwhereN is a normalization factor.
quantum number>® The corresponding electronic eigen-  Assuming that the admixture coefficientssand g are

fUTCtionS are reﬁresented as Kramers douljlets) i.e., |3, very small and calculating the matrix elemerits 2|H,
i§>, 2 —2> and

The crystal field Hamiltonian in the trigonally distorted E 2> we end up with the following effectivg values for the

octahedral symmetry is expressed®d§ ground state= 3 7):81°
H ory=B309+B0%+ B3OS, 6) 0x=01(3 co$ ¥+ 4v2a cosd), (113
where O]' are Steven’s spin operators aB({' are crystal gy=01(3 cos §—4v2a cosd), (11b
field parameters. _ _ 19,/=g.(5 sir? 9 —cog 9). (119
The energy diagram of the Ce atom in tHg,, of Eq. )
(6), is represented by three defined Kramers doublets The difference g,—g, can be merely found equal to
8v2g, a cosd. Evidently for a trigonal fielda=0 and the
2) cosd|3, = H+sind|3,F (7a)  solutions ofg coincide with those of E((9).
In Table | we present thg values of the different reso-
|i§)=|§ +3) (7b) nances, which have been obtained in this study. The corre-

sponding values for LICAF, obtained in Ref. 8, are also pre-
(70 sented for comparison. The anisotropy of the main
resonance in LISAF is much higher than its counterpart in
at different energies. LiCAF. This shows a higher elongation of the Ce octahedral
The effectiveg factors of the ground state are obtainedenvironment in LISAF in comparison to LICAF, in agree-
ment with the XRD dat&?
For the estimation of the eigenfunction coefficients in
Eq. (78 we have calculated an averagevalue equal to

O ~=tan 1 (3g,4+1)/5 through Eq. (9), where g
H,=g, ugJB, (8  =]g|/g, . From the experimenta ratios ad,,=54.7° was

tg)zsimﬂ%,i 3)Fcosd|3,F3),

by calculating matrix elements of the forfr: 2|HZ| + 2) ie.,
whereH, is the Zeeman interaction.
In the approximation of treating tHe 5/, independently
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estimated for the\ line to be compared with#,,=48.4° for ~ On the whole, we expect the material to have the following
LiCAF and 4=41.8° for the regular isotropic environment, lattice modes:

whereg is isotropic and equal tdég|=2g, . These results, 3A1q+4Ay,+ 5A 0+ 6A,,+ 8E4+ 10E, . (14
together with Eq(7a), show that thg3,+3) state becomes . .
progressively more important in the ground state combinafTom these modes the,, are silent, theA,, only infrared
tion as we move from the isotropic case to LICAF and then@ctive, and thé,, andE, are acoustical modes. Finally the

to LiSAF. remaining 3,4+ 8E, modes, 11 in total, are Raman active
In the same manner we have calculateg for theB, ¢, ~ and were all identified in our spectra. .
andD resonances; fdB andD, instead ofg, the mean value According to the selection rules of the backscattering

of g, andg, has been used. Thesg, values are also shown geometry, under_ paralle_l polarizations of the incident and
in Table I. Since the Na—Cé* electrostatic repulsive inter- Scattered beam in theaxis (c—c), only theA,q modes are
action is weaker than the 8r—Ceé* one. theB resonance €xpected in the Raman spectra, while in the crossed polar-
(Ce—Na bond in the direction is expected to represent an 1Zation configuration §—c), only the E4 ones. In thea—a
elongation of the octahedral Ce environment, while @e configuration all the modes are expected. Indeled, we have
resonancéCe—Na bond in the direction represents a com- observed three modes at 251, 377.5, and 561.7 cwhich
pression. This is in accordance with tiig, values forBand ~ &re strong only in the—c configuration. These modes are
C resonances recorded in Table | where, moreover, as the NgFSigned to thé,; symmetry and result from the motion of
ions draw away from the Ce dopants occupying sitedhe F atoms in thez direction, while the other atoms remain
B—C-D, the 9,, values approach those of theresonance. at rest. On the contrary, the selection rules for the remaining
As for the calculated: coefficient in Table I, its value for the €1ghtEq modes do not apply strictly. The reason for this is
D resonance is about half of that of tieone. All these NOt yet well understood; it is probably related to the large
results verify the progressive attenuation of the crystal field0lid angle of scattered light collected by the microscopic
distortion by Na far from the Ce atoms and the self consis/ens in combination with the multiple internal reflections of
tency of the ESR resonance lines assignment. Experimenti{l€ excitation beam within the transparent plate-like sample.
ESR results in Ce:LICAF without Na charge compensatord® further clarification will hopefully be given in the future
are also presented in Table | for comparison. Charge conf2y comparative Raman studies in LICAF. _
pensation by Li vacancies in the firstg, ) and second(, ) Finally it _should be mentioned that the_: doplng does not
neighbors to Ce positions was also detected: the Li sites aidT€ct appreciably the Raman spectra, which verifies that the
marked in Fig. 63 too. From the values of Table | we de- material is not subject to strong stresses that could alter the
duce that the distortion of the trigonal Ce environment by Li"®Sonance frequencies or to disorder effects which would
vacancies is much more intense compared to that induced fpUse severe line broadenﬂr?g'.fhgse results suggest low
the Na ions. In this last case the obtainetl, values ap- t€nsions, deformations, and variations of the refractive index
proach those of thé resonance and the mixing coefficient ~@l0ng the optical axis and a minimum level of inhomogene-
becomes very small. This suggests that the Na atoms do nt€S during the crystallization process that have been pro-
alter the energy diagram, significantly and thus the NgPosed to be responsible for the formation of color cenfters.
codoped Ce:LiSAF crystals are expected to show less inhologether with the absence of vacancies detectable in the ESR
mogeneous broadening and multiple lines in the absorptiofiP€ctra, our crystals show a high structural quality and are
and luminescence spectra relative to the Ce:LiSAF onedromising for high laser efficiency without severe solariza-
Such effects were observed, for example, in the luminestion losses.
cence spectra of Ce:LiCAFand Ce:BaLig'! while they
were reduced in those of the Na codoped Ce:Bal'iF V. CONCLUSIONS
ESR measurements of Ce doped LiSrA#fingle crystals
have shown that Ce resides mainly in an axially symmetric
_ _ Sr position. The effective factor of this Ce resonance has
LISAF has trigonal symmetry and belongs to tBé;  been determined and conclusions have been drawn for the
symmetry space group which has, according to Wyckoff'sglectronic eigenfunctions, which describe the ground state

C. The Raman modes and the effect of doping

notation, the following symmetry elemerits: energy level. Ce resonances due to Ce sites with orthorhom-
0[iC1(12)]+2[hCy(6)]+gCi(6)+=[(f+€)Cs(4)] bic s.ymm.etry have been detected in the ESR spe'ctra with
multiple lines. These resonances have been attributed to

+(d+c+a)D3(2)+bS5(2). (12 charge compensating Naions, which perturb the crystal

In LiSAF, Li and Al occupy theD5 site, Sr theSg site field environment at Ce sites in the direction of the Sr—Sr
andF the C, site. The lattice modes, which correspond tobonds. ESR resonances, which result from up to the third
each of these site groups, are neighboring Na to Ce sites, have been identified and the

’ principal values of the correspondirnggtensors have been

D3:Axgt Ayt EgtEy, (138 estimated. Nonetheless, the crystal field distortion in ¢he
Aot Ao+ 2E, | 13b axis remains the dominant one and determines, by a maxi-

SoiArut Azt 2By (13D mum deviation of 1°, the one principal axis direction of the

C1:3A14+3A 1 +3Ay5+3A,,+6E4+6E,. (1309  tensor. The effective factor of these resonances as well as
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