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Absorption saturation mechanism for YAG:Cr** crystals
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Dependencies of optical transmittance and luminescence of YAG@ystals upon intensity of excitation
at 1064 nm are investigated, when absorption of tetrahedrally coordindteib@is (CF* centeris saturated.
The spectroscopic model of €rcenter in YAG crystals is proposed. Absorption saturation of YAG:Cr
crystals at 1064 nm have to be described by two absorption cross seetjorg3.9-5.0)x 10 *¥cn? and
00,=(1.5-1.9)x 10" ¥cn?, arising from theD ,4 local symmetry of C¥" centers. The cross sections slightly
vary within the pointed range in dependency of level of the Cr dopant and a type of tHeddpant (Mg*
or C&"). The absorption band centered at 1000 nm is basically ddB t6A,) —3A,(°T,) transition. Energy
positions of A,(°T,) and °E(3T,) states are very close to each other, and the absorption band due to
3B, (®A,)—3E(®T,) transition is masked by the absorption due®gy (3A,)—3A,(3T,) transition. The pro-
posed model allows us to explain the dependence of the extent of luminescence polarization on the intensity of
light exciting the YAG:Cf™" crystal. Absorption from the metastable excited s&Bg(°T,) is negligible; its
absorption cross section is less thax 0~ 2°cn?. Linear losses from other centers are found in the crystals
with a high level of the chromium dopant and with the calcium dopant.

l. INTRODUCTION close to the position of théE(®T,) state. Furthermore, as

. . . . even in cubic symmetry approximation tié,— 3T, elec-
YAG:Cr*' is an important crystal material for solid-state tric dipole tra):]sition yis pgllowed, and Zth—>e381(3A2)

lasers. It is used foR switching of Nd lasers at the 1000-nm —.3E(%T,) electric dipole transition is only allowed for
region and for tunable laser operation in the 1350—1600-NNbwer symmetry D4 in our casg they consider that the
region!~ Since this material was obtained and appropriatelyapsorption from the’B;(3A,)—3A,(3T,) transition is con-
described, plenty of successful investigations have beensiderably stronger than that from thi,(3A,)—3E(°T,)
made in the field of its spectroscopy:® but some principal  transition. So the latter absorption band is masked by the
questions remain obscured yet. Those are the energy levelsuch stronger absorption band due to tH8;(A,)
scheme and the nature of residual absorption in regime,3A,(3T,) transition. This conclusion is mainly derived
when the basic absorption is saturated. from the polarization dependencies observed in piezospec-
Primarily the energy-level scheme was presented for théroscopic experiments. Nevertheless, we consider that the
cubic symmetry approximatioti}’ Later it was shown that discourse adduced in Ref. 18 is based on the nonevidence
the tetragonal distortion is of principal importance for correctassumption that the signs of elastic compliance coefficients

description of optical transitions in YAG:EF crystal, be- D
cause of strong polarization dependencies of the emission T, 2 718000
and absorption saturatid?** In Refs. 4, 6, 14 a more de- ’ g 16000
tailed energy level scheme was proposed in the assumption o 1 14000
of D,q4 point-group symmetry, which corresponded better to K L ;
the real symmetry of Cf ions environment in the YAG o ad 12000
crystal. This energy-level scheme was obtained for the ap- EI A, 110000 %
proximation of strong crystal field in the crystal-field theory. S e A <
In this approximation the 800—1200-nm absorption band, 2 " g 100 'g
which is important for laser applications, belongs to H : 2 6000 .
3B,(A,)—3E(3T,) transition, and the 570—700-nm absorp- L N L‘ﬂ [ @ 1 ~
tion band belongs t6B;(°A,) —3A,,°E(°T;) transitions. lo] o 1400

In the latest study} additional spectroscopic data have — 2000
been obtained, in which the authors have pointed out that the s ;i se Jdo
energy level scheme has to be corrected within the same A, B,

symmetry assumption, proposed earlier in Refs. 4, 6, and 14. FIG. 1. Energy-levels scheme of the tetrahedrally coordinated
The authors of Rgf. 18 have supposed that the strgng 8001+ ion in YAG crystal (D,q point group of symmetry and its
1290'n§n absorption band had to be attrlbut_edBBqT( A2)  correlation with a rough model of a cubic symmetry approximation
- Ax(°Ty) transmo_n(see Fig. 1 This conclusion _d_|sagrees (T4 point group. Allowed electronic transitions with absorption are
with the early assignment of the energy position of theshown by solid lines(w) the electrical vector of light is parallel to
3A,(3T,) state. The authors suggested thatifig(°F) state  the S, local symmetry axis(o) it is perpendicular to th&, axis.

is much higher split than that assumed previously, and th&mission transitions are forbidden between pure electronic states
energy position of*A,(3T,) state is so low that it is very and come from vibration assistance.
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for a tetrahedron occupied by a“Crion are the same as for JIN; I Ny

the whole YAG crystal. Furthermore, the sharp lines cen- o :_UOiNOih_V+ T @
tered at 1077 and 1114 nm were investigated only, so even if

we assume that these lines belong to tAB;(°A,) Ngi+Ny=N;, i=12...m, &)

—3A,(3T,) transition, the rest of the wide intensive band

absorption around 1000 nm may belong to th®;(°A,)  wherel(z,t) is the intensity of the lightm is the number of
—3E(®T,) transition. Therefore additional spectroscopictypes of center orientationsl;(z,t) is the total concentration
data on this absorption band are needed. of centers withi-type orientationNg;(z,t) andNy;(z,t) are

The authors of Ref. 18 also reference their earlier work, concentrations of the centers in ground and metastable ex-
devoted to investigation of absorption saturation under polarcited states, correspondinglys,; and oy; are absorption
ized light at 1064 nm. But no serious attempts were made i§ross sections aftype oriented centers for transitions from
this work to assign the saturable absorption band to one diround state and metastable excited state, correspondingly
another transition. Thus we consider that it is important to{(oo; and oy; generally depend also upon the direction of
test YAG:Cf" crystals in such experiments carefully, be- electrical vector of the light a, is coefficient of linear
cause absorption saturation plays a principal role for thidosses, andiv is the energy of a light quantum.
laser material. Further we consider the two degenerate cases correspond-

Heretofore we have observed a dependence of polarizarg to real experiments, which we have accomplished with
tion extent of luminescence upon intensity of 1064-nmYAG:Cr*" crystals. One case corresponds to a short pulse of
pumping?O To explain this dependence we suppose that twdhe exciting light and other case corresponds to the cw ex-
different electronic-vibronic transitions are responsible forciting light.
absorption saturation in the €r center. This fact does not ~ When interaction time of the light pulse with the crystal
contradict to the energy-level scheme presented in Ref. 18\t is rather less than the metastable lifetime it is conve-
and it indicates that the simple model with one absorptiornient to put in a fluence of the puldé(z):
transition in the Ct" center cannot describe absorption satu-
ration in YAG:CF** crystal adequately.

To study the question about the energy-level scheme and
the absorption saturation mechanism in YAG:Ccrystal, . o .
we have undertaken careful investigations of YAG:Cab- Here we assume that.the mteracyon is ovet=a0. In this
sorption saturation under plane-polarized pumping light af@S€(2) can be easily integrated, if one assume that sponta-
1064 nm for cw and for pulsed regimes. Under these condi€oUS relaxgmqn Of. metastable state is slow in comparison
tions we have studied both polarized luminescence in th&/ith the excitation time {>At):
ﬁgﬁtoatlzg&n?mrneglon and transmittance for linear polarized Noi(2,0) = Nyext — U(2) o /], ®)

0
U(Z):f—m I(z,t)dt. (4)

N1i(z,t) =[N;—N;o(z,0) Jexp( —t/7q), t>0. (6)

ll. THEORETICAL APPROACH A meaning ofNg; is the lowest population density of the
Iground state during the entire cycle of the excitation and
relaxation.

We obtain from Eqs(2)—(5)

Consider propagation of plane-polarized light in a crysta
with absorption by identical optical centers, but with differ-
ent orientations relative to crystallographic axes, and this cir-

cumstance is a reason for differences in absorption probabili- m _ Uo

ties of the centers. We assume that wavelength width of thedU:_ Ni{ hv( 1— i) ex;{ _ m) 1 —UliUJdZ

light is rather less than the wavelength width of the absorp- i=1 Ooj hvy

tion band, and the centers have the quasi-four-level energy —aUdz )
. '

scheme, additionally including absorption from a metastable
excited statd ESA). Such situation is common for impurity Now we can calculate transmittance of low intensity

ions of transﬂmrd elements. Absorption saturation is due to robe beanT(U,,.t), which does not disturb the population
accumulation of the centers at the metastable level, and cor;,

. ensities of the ground and excited states:
sequently to depletion of ground state.
We assume that relaxation after ESA goes back to the T(Ugn) =To-exp{— &-exp(—t/ 7))}, ®
metastable excited state with relaxation time is rather short in
comparison with the lifetimer; of the metastable excited whereTj is the transmittance of an unexcited crystal:
state. ESA is not saturated, so the density in the higher ex-

cited state is negligible in comparison with densities in the m

ground state and in the metastable excited state. Thus the To=ex _2 ooiNi—a,d |, ©)
following rate equation describes light propagation and evo-

lution of the ground-state densitidy; . &(U,p is the parameter characterizing an extent of absorp-

tion saturation of the crystal:

m

149 ol

d m
EE'F E:_i:l (O'OiNOi+O'liN1i)|_ar|, (1) §(Uon):fo ZL [(USi_UIi)(Ni_NOi)]dzl (10)
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TABLE |. Specifications of the samples and results of the investigations. The errors are calculated when standard errors for each
experimental point were assumed to be the same and equal to the root mean square of deviations between theoretical and experimental

points.

Initial samples data

Results of the experiment with transmittance

Results of the experiment
with luminescence

k

CryStaI [Cr] [Mg] [Ca] Tht TO Ooxm O14 [er 014 T A(T/A’ﬂ Oo¢
No. 10 10" 10" grad K % 10 8cn? 10 ?°cn? 10 2cn? 10 Pcn? us 10 2%¢cn?
cm 3 cm™3 ecm™®
B85-1 09 1.4 1550 63.5 3.930.17 <2 16.10.3 <1 >150 4.2:0.1
B85-5 09 14 1800 64.4 4.440.11 <15 1503 <23 >200 4.3:t0.1 0.15:0.01 18:3
KL 19 24 1550 43.7 4.520.22 15.2-0.4 55+20 3.93-0.02
B2-13 0.4 3.5 1550 38.5 5.040.14 19.6:0.2 11+0.7 4.18-0.02
where ¢; and o}; are absorption cross sections of active m d
centers for interaction with the probe beam. If polarization of L > Ai,paraJ Mi(z)dz
. .. . . . . aral =1 0
the probe light coincides with polarization of the pump light, P(Pgyy) = paral__ — , (15)
oy =0g andoii=oy;. L perp d

Consider pumping by continuous-wave light and the po- i

1 I,perp 0

Mi(2)dz

larization extent of luminescence. We assume that the inte-

gral luminescence from the whole excited region of the

sample is detected, thus we must account for the spatial di
tribution of the pump beam intensity(z,r,¢). Let us as-
sume a Gaussian pump beam:

g

whereP is the power of the beamy is the waist radius.
So as in the steady-state regimi; /dt=0, we obtain
from Egs.(2) and(3)

2r?

»*(2)

2P(z)

[(z,r)= mex

11

I1(z,r)N;(z,r)ogiti/hv

Nu(Z0) = 2o/

12

Substituting Egs(3), (11), and(12) into Eq. (1) and taking

whereL p,andL o, are intensities of luminescence compo-
1ents polarized parallel and perpendicular to polarization of
he pumping light correspondingly; para and A pe, are
probabilities of spontaneous emission feype center with
polarization parallel and perpendicular to polarization of the
pumping light, correspondingly.

Ill. THE SAMPLES INVESTIGATED

Specifications of investigated crystals are summarized in
Table I. We have tried to investigate all important kinds of
YAG:Cr** differed by types and levels of doping and tem-
perature of heat treatment.

A magnesium or calcium dopant is usually used to cause
chromium to change valence from 3 to 4. As we investigated
the YAG:Cr, Mg, so as the YAG:Cr, Ca crystals. Neverthe-
less, as far as we know, differences in spectroscopic proper-
ties of these crystals were not reported up to now. We have

integral over the cross section of the beam we will obtain theieq to find such differences.

equation for powelP(2):

3 o sz(z)hv< 0'1,) ( ZTlooiP(Z))
dp= ;Ni o 1 - In| 1+ e
+P(2)04i|dz— «,P(z)dz (13

Integrating both parts of E¢12) over the cross section of
the beam we obtain the linear densityidfype excited cen-

ters:
o (27
f f N4i(z,r)rdrde
0Jo

Tw?(Z)N;
2

M1i(2)

21100iP(2)

Tw’(z)hv

In| 1+ . (19

It was found that there are some additional centers in the
crystals with high chromium dopant levElit has been sup-
posed that these additional centers could be complex centers
consisting of two ions such as €t Cr*, or Me*. Thus it
is also interesting to investigate crystals with low as well as
with high chromium dopant levétompare samples N85 and
N1).

Samples were prepared as it was described in Ref. 21. The
crystals were grown by Chochralsky technique al¢hgO]
crystallographic axis. YAG:Cf plates with nearly 3-mm
thickness were cut from a bowl so that tfE0Q] crystallo-
graphic axis was perpendicular to a base plane of the plate.
The plates were heat treated in air. As temperature of the
heat treatment could affect the process of the complex center
generation we have investigated samples cut out from one
bowl, but heat treated at different temperatilizg (samples
N85-1, N85-5.

IV. SCHEMES OF THE EXPERIMENTS
AND MEASUREMENTS PROCEDURES

Now we can calculate the dependence of the extent of Pump-probe technique is applied to investigate depen-

luminescence polarizatiom upon power of the beam falling
on the samplé®,,=P(0):

dence of transmittance of the crystals upon energy fluence.
The experimental setup is shown in Fig. 2. Pump and probe
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100 -

FIG. 2. Experimental setup for investigation of transmittance.
The sample is excited by pulses of 1.06# linear polarized light
of Q-switched Nd:YAG laser 1. Pulse duration is equal to 30 ns,
repetition rate is equal to 10 Hz. Fluence of the pump light is
controlled by polarization attenuator, consisting of the rotating
quartz birefringent\/2 plate 6 and Glan prisms 4 and 5. Lens 7
focused the pump beam on the sample with 1.5-mm sport size
Polarization of the pump light is perpendicular to the plane of the —r S
setup. The samples are mounted in holder 3. Transmittance of th i )
sample is measured with a 1.0p4n cw diode pumped Nd:YAG ‘ Time t (us)
laser 2. Lens 8 focused the single transverse mode probe beam of
this laser in the spot with nearly 0.1-mm diameter. Axis of the

probe beam is perpendicular to the polished planes of the sample, . .
and so it is parallel to thg100] crystallographic axis. IS measured by a spectrophotometer. It is necessary to obtain

the transmittance kinetics curvégU,,,,t) by normalizing of
beams intersect in the volume of a sample. The fluence dighe kinetic curves of the probe beam intensity. The resulting
tribution of the pumping beam in cross section at the sampléypical kinetics are shown in Fig. 3.
location is tested by a video camera. It has a quasiflat top We fit an experimental kinetics of transmittant@J ;,,t)
with cross deviations less than 5% within the confines ofby the theoretical expressidB) at the interval of time from
probe beam cross sweeping caused by divergence betweérd to 100 us, where time resolution does not distort the
the pump and the probe beams. kinetics curve.

Orientation of the sample has been adjusted so that crys- As a result of this fitting procedure we have obtained the
tallographic axig010] or [001] is parallel to the vertically —parameters¢, 7, and have restored the transmittance
oriented electrical vector of the pump light. This alignmentT(U,,0) for the moment, when the excited-state population
has been done due to polarization properties of YAG:Cr Nj; is maximal. Further we will refer to the obtained depen-
luminescence reported in Refs. 4, 6, 13, and 14. Ge photodiiencesT (U,,,0) as experimental onégig. 4). It was found
ode 15 with interference filter 18 and film polarizer 16 is that the decay time; did not depend on the fluendg,,.
placed in front of the sample to detect luminescence of thdhe values of decay time; are presented in Table I. The
last. The polarizer 16 transmits horizontally polarized radia-decay timer; is significantly lower for the sampl&1 with
tion of luminescence, that is, polarized perpendicular to pohigh chromium dopant than for other samples, and its value
larization of pump light. Minimum of luminescence intensity well agrees with the results obtained for luminescence
is achieved by tuning the holder 3 with the sample aroundlecay™*
the probe beam optical axis. Such orientation corresponds to The experiment setup for investigation of polarization
maximum of polarization extent of luminescence and conseproperties of the luminescence is shown in Fig. 5. The de-
guently to the required orientation of the sample. Indeedpendence of the extent of luminescence polarization upon the
Cr*" centers differ by orientations in the three equalpower of 1.064um light falling on the sample is investi-
groupst® and we would obtain the maximum polarization gated in the regime of absorption saturation. The lumines-
extent of the luminescence, if mainly one of the groups willcence component with the same polarization as pumping
be excited. So as the centers are oriented along the malight L,y and one with perpendicular polarizatitg,, are
crystallographic axes of YAG, the maximum polarization ex-separately detected. The extent of luminescence polarization
tent of luminescence is reached when the electrical vector dé calculated by the formula
pump light is parallel to one of the main crystallographic
axes, that i4010] or [001], if a sample is tuned around the P=Lparal L perp- (16
[100] axis.

The plane of polarization of the probe beam is inclinedThe power of pumping light is controlled by the quartz
nearly by 45 grad relative to vertical. The Glan prism 9 isacoustic-optic deflector 2. The laser beam is deflected in the
used to separate vertical and horizontal polarizations of thérst-order pass through hole 3. Signals from photodiodes are
probe beam passed through the sample. Thus the samplesignultaneously recorded in different channels of a digital
tested by both polarization components of the probe beangscilloscope. To avoid heating of the sample, measurements
one has parallel polarization relative to polarization of pumpare conducted for pulsed pumping with the pulse duration of
beam and another has perpendicular polarization. The sepabout 25 ms and repetition rate of about 20 Hz. Position of
rated polarization components of the probe beam are ddghe sample is adjusted by its replacement along the optical
tected by different Ge photodiodes 10 and 11. axis of the pumping beam to reach maximum effect of the

The absolute small signal transmittance of the sanmipjes absorption saturation, which is controlled by a minimum of

Transmittance (Ut} (%)

FIG. 3. The typical kinetics curve of transmittance.
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60 | Crystal NBZ-13J V. INTERPRETATIONS OF EXPERIMENTAL
50 RESULTS AND DISCUSSION
40
00 o5 o 5 %0 It has been established that thg, symmetry point group
. well describes the polarization properties of théCecenter
Fluence (J/cm’) emission and absorptidit>1419t is considered that all ¢f

) centers are identical and differ by orientations only. We be-
FIG. 4. The de.pendences of transmlttan(_:e on the fluence for thﬁ’eve that our experimental data affirm the earlier point of
probe beam polarized parallgl) and perpendiculai?) to the pump view on the type of local symmetry of the Crcenter, but

light polarization. Points: experiment. The solid line is the theor o
cgrvepfitted to the experimerr:tal data. The dashed line is the sar{ysqe energy positions of théA(3T1) S.tate have to be cor-
theory curve, but without account of pumping light contribution rected compared to those assumed in Refs_. 6’_ 13, and 1.4'
(B=0). . In the case 0D ,4 symmetry, the electronic dipole trapgl—
tions between any two electronic states must be subdivided
by polarization into two types. The first type is for the
the luminescence intensity. The sample was rotated in holdefectric-field vector of light being parallel tf8 local axis of
6 around the optical axis as in experiments with transmit-symmetry, and the second type is for an electrical vector
tance to adjust orientation of its crystallographic axes relapeing perpendicular to this axis. We denote the absorption
tive to the electrical vector of the pumping light, so that across section for the first type of transitions by, ando; .
[100]-type axis is parallel to the pumping light electrical vec- from the ground state and from the first excited state corre-
tor. The results of the experiment are presented in Fig. 6. spondingly, and for the second type transitionsdyy, and
o1, There are three types of center orientations in the crys-
tal lattice of YAG, that is, along three main crystallographic
12 axes, so the centers are subdivided in three equal subsets by
' 10 orientation attributésee Fig. 7. Thus to apply Eq(1)—(15)
we must assumm= 3. In our experiments the electric vector
of the pump light is parallel to a main crystallographic axis,
hence it is parallel to th&, axes of a$ part of all centers
(i=1) and perpendicular to tH&, axes of the; remainder of
) ) o . allcenters (=2,3). Application of Eq(10) to the scheme of
FIG. 5. The experiment setup for investigation of polarization experiment gives for the probe beam components polar-

properties of luminescence. Plane polarized beam from cw gfEM ized parallel and perpendicular to polarization of the pump
Nd:YAG laser 1 was focused by 10-cm lens 5 in the volume of the;. .
I@ht, correspondingly,

sample placed in the holder 6. Waist diameter of the laser beam wa:
30 um. Polished faces of the crystal were perpendicular to the beam
axis. Wide band luminescence of the sample was detected by Ge
photodiode 11. Film polarizer 7 was used to separate polarization
components of the luminescence. An interference filter 10 with cut-

off wavelength 1.35um was used to block pump light. X (N—Ngyy)1dz, a7

2 34 s 7
1 V/j/vlm /H A
I\J :

’/D W U

1
!

"

me—)\
©0

d
EpalUon) = fo [(007—017)(N—Ng,) +2(00,—01,)
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the linear lossesy, is taken as the upper limit ok, . The
upper limits for the cross sectionms , and o, are obtained

in the fitting procedures when they are varied with fixed
0ory 00y, ande,, determined in the previous fitting.

Fitting to experimental data for transmittance of samples
K1 and B2-13 is also made with the assumption that and
o1, €quals to zero. As one can see from Table [, the fit gives
slightly different values for the cross sectiong, and o,
for different samples. We suggest that these differences arise
from variations of crystal-field strength, which are due to
dopants of Cr and Mg.

Thus we obtain that the absorption cross section of a cen-
ter for electrical vector parallel to tH&, axis o, is about 30
times higher than absorption cross section for perpendicular
directionsoy,, . This result is the same as predicted by the
group theory for the’B;(3A,) —3A,(°T,) transition****So
we obtain a clear demonstration that absorption at 1064-nm
wavelength mainly belongs to transition from the ground
state to the®A,(3T,) excited state and corroborate the con-
clusion obtained in Ref. 18. The found value of the absorp-
tion cross section for polarization perpendicular to the local
axis S, oo, is consistent with transition>B;(3A,)

FIG. 7. The structure scheme of the*Crcenter and three ori- —°E(°T,), allowed by tetragonal distortion alorfg, axis,
entation types of the ¢f centers in the YAG crystalr, o are the  and the °B;(°A,)—3A,(°T,) transition could also contrib-
local symmetry axis and the local symmetry plane of th&'@en-  ute to the absorption for this polarization. The obtained cross
ter; wis parallel to the5, local symmetry axisg is perpendicularto  section of base saturable transitio, agrees quite well
the S, local symmetry axis. with those obtained in Ref. 21 (610 ®cn?), Ref. 19
(5.7 10 8cn?), and Ref. 3 (3.610 8cm?) for a simple

d model, when only one transition assumed participates in ab-
Eperd Uon) = fo [(o0,= 15)(N=No,) sorption saturation.
Similar experiments were done in Ref. 22, but we con-
(07— 1% 00, 01,) (N—Ngy,) |dz. sider that in those experiments the excitation density was not

(18) high enough to make clear assignment of the 800—-1200-nm
absorption band and the authors did not make any specula-
Numerical solution of Eq¥5), (7)—(9), (17), and(18) results  tions about this.
in theoretical dependencies of transmittance of the probe The dependence of luminescence polarization on the
beam upon the pump fluendgU,,). These dependencies power of pumping light observed in our experiméRig. 6)

are used in fitting experimental data. confirms the consideration that the absorption is due to two
To characterize relative quantity of linear losses in thetransitions with different cross sections and polarization.
YAG:Cr*" crystal we introduce the ultimate contragt: Such dependence could not exist, if the absorption is due to
only one type transition. Indeed, if the absorption would be
In(To) due to 3B;(3A,)—3A,(°T,) transition, the centers of only
TR a, (19 one type[with the S, axes parallel to electrical vector of

pumping light {=1, Fig. 7] would be excited, and the ex-
where a, are linear losses belonging to other types of centent of luminescence polarization would depend only on in-
ters. trinsic properties of the center. When we assume the absorp-
If the polarization of the probe beam is parallel to thetion to be due to’B;(°A,)—°3E(°T,) transition, the centers
polarization of the exciting light, the absorption in the of two types[with S, axes perpendicular to electrical vector
samples B85-1 and B85-5 tends to zero for the energy fluef pumping light {=2,3)] would be excited with the same
ence exceeding 1 J/énwhile the absorption of other probability, and the extent of luminescence polarization
samples goes to nonzero values in these condiiibigs 4.  would depend again only on intrinsic properties of the cen-
Therefore we assume that this residual unsaturable absorfer. The situation differs for the model, presented to describe
tion is not due to transitions in the €rcenter, but belongs absorption saturation in our work. In this case the centers of

to other centers. one type {=1) are predominatingly excited when the pump-
We fit the theoretical dependence to the experimental datimg light intensity is low, and the centers of other typés (
for samples B85-1 and B85-5 by varying parametegs, =2,3) will be excited additionally as pumping light intensity

0o, anda,, while o1, ando,,, are set to zero. The results rises. Thus anisotropy in the excited center subset is highest
of least-square fittings are introduced in Table I. The mearor the low intensity pumping light, and it falls down when
value of unsaturable losses is found to be zero accurate the intensity of the pumping light increases. As a result, de-
within an experimental error. The low limit for the ultimate crease of the extent of the luminescence polarization must be
contrastk,, is evaluated by formul&l19), when the error for observed.
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Equations(13)—(15) are used to calculate theoretical de- tions with the same symmetry properties. Symmetry proper-
pendence of the extent of the luminescence polarization upaiies of the °B;(°A,)—3A,(°T,) and 3B;(°A,)—3E(°T,)
the power of continuous-wave exciting ligh{P,,). Equa- transition are basically differen{see Fig. ], so the
tion (15) has to be adapted for the YAGCrcrystal. Ana- 3B, (3A,)—3E(®T,) transition contributes a negligible part
logic to the description of polarization properties of absorp-in absorption band around 1000 nm.
tion of a separate center, the luminescence of each center can Energy positions of electronic states of thé Cion in the
be characterized by two components of emission probabilierystal field with D,y symmetry were calculated for the
ties only; one is for electrical vector of emission parallel tomodel of pure ion interactioh!® that is, ligands & were
the S, local symmetry axisA, and other is for electrical assumed as point charges. Results of these calculations had
vector of emission perpendicular to this adig. Thus we pointed out that thé A,(*T,) state lay at 14 000 cnt. This
obtain does not agree with the results of the present study, which
§ § shows that wide absorption centered at the 1000(1hor000
2(A77/Acr)f My, dz+f M,dz+BP,, cm ) band is due to theaBl(3A2)—?A2(3T1) transition,
o 0 and consequently théA,(°T,) state lies near 9000 crh.

d : Energy-level calculations of the €rion are reported in Ref.
+J M,,dz 23 for the more precise model of charge exchange, when
0 covalence of ligand and €t ion interaction is taken into
(20) account. In accordance with the results of this work, the

Only the ratioA_/A, could be obtained by analyzing the 3A,(°T,) state lies at 9384.3 cm. This is in good agree-

dependence of the extent of luminescence polarization ment with our present results. Thus covalence plays a prin-

upon the power of pumping light. The additional teB®,,  cipal role for the Ct' center.

is introduced in Eq(20) to allow the parasitic signal from The obtained differential Eq$7) and(13) describe light

pumping light to partially pass through filter 1Big. 5). propagation in crystals with saturable absorption for pulsed
Equations(13), (14), and(20) are applied to fit the theo- and cw regimes correspondingly, when a low symmetry of

retical dependence of the extent of luminescence polarizatioactive centers is accounted for. Application of K@) to a

to the experimental one shown in Fig. 6. Varied parameter¥ AG:Cr** crystal plate with thickneskgives for plane po-

are the absorption cross sectiog, , the ratio of emission larized pulsed light, propagating along th#00] crystallo-

probabilitiesA, /A, , and theB coefficient. The absorption graphic axis and polarized along tf@&10] axis:

cross sectionry,, and relaxation timer, are fixed and ac-

cepted to be equal to those obtained in the experiments with  In(Ty) hv Vo P Uo Ihy U

transmittance(see Table )l As follows from its results, Y= |5 35, (&8 7 +2e 7% _3)_k_u dz

excited-state absorption is negligible, so absorption cross " 7 (22)

sections for transitions from the excited state are assumed

equal to zero. The initial transmittandg, is defined by a and it polarized along thE011] crystallographic axis:

spectrophotometer. Fitting procedure results are summarized

p( Pon) = d
(AW/AU>“O<M1xy+Mlz>dz

in Table I. The found value for the absorption cross section IN(To) hv B B U

. K . : U=——> —(2e U(rW/2hv+e U(r(,/hV_3)__ dz
oo, agrees well with those independently obtained in th | |o,+20, ko ©
experiments with transmittance. The found ratio of emission (22)

probabilities A, /A=0.15 shows that the emission with

electrical vector parallel to local axi8, is more probable. All notations in Egs(21) and(22) correspond to Table I.

The ratio of absorption probabilities for different polariza-

tions (og,/09,=0.034) is rather less thai, /A, (see VI. CONCLUSIONS

Table ). It is not a surprise, because th&B;(3A,)

—3A,(3T,) electronic transition working in absorption is al-  The spectroscopic model of €rcenter in YAG crystal is

lowed for the electrical vector parallel to tifa axis, and is  proposed. It allows us to comprehensively describe absorp-

forbidden for other directions. So only electron-vibronic in- tion saturation in this crystal including polarization effects.

teraction and mixing of electronic states can lower differ- Absorption saturation of the YAG:Ef crystal at the

ences between probabilities for different polarizations. Thel064-nm wavelength must be described by two absorption

pure electronic transitior?B,(3T,)—3B;(3A,) working in  Cross sections oo,=(3.9-5.0x10 *¥cn? and oy,

emission is forbidden for any state of polarization, that is,=(1.5—1.9)< 10" *°cn?, arising fromD,4 local symmetry

there are no polarization preferences. We believe that it iof the tetrahedrally coordinated €rion. These cross sec-

partly allowed by electron-vibronic interaction. tions correspond to different directions of light polarization
The conclusion that the absorption at 1064 nm predomiselative to a local symmetry axiS, of the Cf* center. The

nantly belongs to théB;(3A,)—3A,(°T;) transition can be absorption band centered at 1000 nm is basically due to the

expanded on the whole wide absorption band near 1000 nntB;(*A;) —3A,(®T;) transition. Energy positions of

In the 800—-1150-nm region a shape of the polarized excita®A,(°T,) and °E(®T,) states are very close to each other,

tion spectrum of polarized luminescence did not depend oand the absorption band due to th; (*A,) —3E(3T,) tran-

the relative polarizations of the exciting light and the de-sition is masked by absorption due to thiB;(°A,)

tected luminescence, i.e., the extent of luminescence polar3A,(3T,) transition. Covalence must be taken into account

ization did not depend on the excitation wavelerfgffhus ~ when the energy-level scheme of the tetrahedrally coordi-

the whole 800-1150-nm absorption band belongs to transihated C#" ion in the YAG crystal is calculated. The pro-
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posed model allows us to explain the dependence of the exompensated Mé ions and oxygen vacancies are respon-
tent of the luminescence polarization on the light intensitysible for these variations.

exciting the YAG:Cf* crystal.
The absorption cross sections 8B;(3A,) —3A,(3T,)
and 3B,(%A,) —3E(®T,) transitions are sensitive to dopant

Absorption from metastable excited st&@,(°T,) in the
Cr** center is negligible. Linear losses due to absorption of
other centers in crystals with high chromium concentration

concentrations. We suggest that the fluence of locally unand the calcium dopant are found.
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