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Abstract. We have investigated the electro-optic and dielec- Intrinsic and extrinsic defects can both affect the proper-
tric properties oLiNbO3 along the ferroelectricaxis in pure  ties so that a non-defect materialis in principle more desirable
and chromium-doped crystals. We have studied four series @fspecially for optical applications. Thus an increase in the
samples with various crystal compositions and doping comeptical damage threshold is expected in approaching the stoi-
centrations to separate the influence of the intrinsic defectshiometric composition50 molé4b Li,O) [4]. Consequently,
related to the non-stoichiometry and the effect of the introsome efforts have been made to find procedures for obtain-
duction of chromium. In pure and slightly doped crystals, theing crystals with the stoichiometric composition, or close to
electro-optic coefficient, shows a non-monotonous depen-it. Several methods have been successful in producing such
dence on the controlled crystal composition, which reflectgrystals [5—7].

a similar behaviour of the corresponding dielectric permit-  In using crystals with, now available, varying composi-
tivity. In the highly Cr-doped crystals. displays a large de- tions it was clearly established that the linear optical proper-
crease with increasin@r concentration whatever the crystal ties, for instance the refractive index, strongly depend on the
composition. The results have been discussed by means of thature and the concentration of extrinsic defects [8]. They can

LiNbO3 structure and the substitution site dynamics. be also affected by the nonstoichiometry intrinsic defects [9].
Nevertheless, the combined influence of these two kinds of
PACS: 78.20.Jq; 61.72.-y defects had not so far been investigated. Furthermore, just

a few studies were made into the electro-optic (EO) and non-

linear optical (NLO) properties [10, 11]. The role of defects

on these properties is however necessary to control or to opti-

LiNbOs (LN) is considered as a standard material formise the characteristics of t_he material for some applications.

many acousto-optic, electro-optic and optoelectronic applicaVloreover the study of the influence of defects can also pro-

tions [1, 2]. vide information on the processes at the origin of the EO and
Generally, a serious limitation of a material used for techNLO properties of LN, which had not previously been eluci-

nological application occurs if properties are not reproduciblélated. o

from one sample to another or if they are sensitive to defects. We have recently reported a large variation of the EO
In principle LiNbO3 crystals can be obtained from Properties with the chromium concentration @r-doped

aLi,O-Nb,Os solid solution extending from 45 &0 moleé ~ Crystals of a composition close to the stoichiometry [12].

Li,O. Single crystals with large dimensions and a good holn the present study we have extended our investigations to

mogeneity and optical quality can be achieved from the conseveral series of pure ar@r-doped crystals with varying

gruently melting composition (at aboé8.5 moleé%) using composmons'e.md dopmg_ concentrations, so that we can ana-

the Czochralski technique [3]. lyse the specific roles of intrinsic and extrinsic defects on the
Most investigations of the physical properties and applicaEO properties of LN.

tions of LN have been made on congruent crystals. However,

theseLi-poor crystals present different kinds of intrinsic de- o

fects to maintain the charge neutrality and therefore, can bk Characterization of the crystals

also easily doped by extrinsic defects.

The deviation from the stoichiometric composition is usually
. " described by the parameteas the ratio between the con-
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tween both quantities is not linear so the determination of thenethods are sufficiently accurataX; < 0.1%) to be able

compositionx; generally requires specific investigations. to discriminate between the various crystals which have dif-
Using the Czochralski technique four kinds of crystalsferent compositions except for the samples I-3 and I-4. This

were prepared with different controlled compositions and varsimply means that sample 1-3 prepared with K% added

ious chromium concentrations. to the melt has the same composition as the crystal obtained
In the first series, pure crystals were grown by thefrom Li-rich melt Xn = 54.54 moléo) withoutK,O.
Czochralski method from the congruent mel = 48.46% This shows indirectly the efficiency of the method of LN

with an addition of 0, 2, 4, o6 wt% K,0 to the melt. It crystal growth with an addition df,0 to the melt to obtain
was shown [13] that this method is able to give crystals withcrystals close to the stoichiometric composition [6, 7].

a compositiork, close to the stoichiometry. Moreover potas-  In Cr-doped crystals, we cannot assume that all crystals
sium ion is nearly absent in the crystal. The second seridsave the same composition as the pure crystal obtained from
corresponds t€r-doped crystals of various compositions butthe same composition of the melt. Indeed, the introduction of
with a fixed lowCr concentration@.06 at%). chromium or other doping, can lead to a change in the con-

The third and the fourth series relate @-doped crys- centration of intrinsic defects in the crystals [20]. The effect
tals of various concentrations prepared fraumrich melt  of doping is therefore expected to be a composition different
Xm = 54.54% and congruent compositior = 48.4 %), re-  from the initial composition of the melt.
spectively. The indirect change in crystal composition du€tadop-

The first and second series were used to study the effettg is usually difficult to detect because of the complicated
of the composition variation in pure ar@@-doped crystals, dependence of a physical property on the direct effect of dop-
whereas the third and fourth series were devoted more tmg and the effect of the change in the composition, indirectly
giving an insight into the proper influence of t@e doping caused by impurity.
which can vary according to the concentration of intrinsic  In highly Cr-doped crystals, these two effects cannot be
defects. separated, so we will study further the whole influenc€pof

It is particularly important to define with accuracy the doping on the EO properties in crystals of series Il and IV.
composition of the pure crystals. Generally it is possible to In contrast, we can consider that for crystals with a small
use the relationship between theO mole fraction in the amount of doping, the direct effect can be neglected and we
melt and theli concentration obtained from analysis of the attempt to determine the apparent crystal composition with
crystal. However the relationship depends on the results olihe same techniques which were used in the case of undoped
tained by the authors [5, 7, 14]. In the case of crystals growerystals. We can therefore derive from the Raman linewidth
with K,O added to the melt, this calibration cannot be usedthe crystal composition for samples of the series Il grown
Consequently, it is always more correct to determine the confrom various concentrations @i ;O in the melt. Results are
position by means of indirect analyses based on the determineported in Table 2.
ation of the physical properties of the material, which depend We note that the composition in doped crystals is slightly
strongly on the composition. larger than that in pure crystals. First we note that the value of

Several techniques can be used to determine the compgy is significantly different from that ok, except for sample
sition. A survey of the most usual techniques was recentlyi-2 which corresponds to the congruent composition.
published [15]. They differ in accuracy and resolution. In par-
ticular the extraordinary refractive index is affected by the
deviation from the stoichiometric composition. Thsvaries At
from 2.200 down to 2.187 at = 6328 nm between the ex- 2 Electro-optic results
treme compositions of the pure series |. But the accuracy in _ . . -
the determination ok that is achieved by using this tech- H€ré we are especially interested in the EO coefficignt
nique was not sufficient to distinguish all crystals used in oupVNich can be measured when the electric filapplied to
investigations. We have used two other methods more suitabjg€ crystal is along the ferroelectéaxis and the laser beam
for determining the composition in all series, EPR and Ramal$ Propagating along the axis.rc is an effective EO coeffi-
scattering. We derive the composition from the’t EPR  Ccientgiven by
linewidth and the lowest-frequency phonon Raman linewidth 3
respectively. In accordance with [16—19], the calibration ofr e No r @
these techniques was done on standard crystals. c— i3s3 13

The compositions obtained by these methods for all crys-
tals of series | are summarised in Table 1. We can note that thveheren, andn are the ordinary and the extraordinary refrac-
results are in remarkable agreement for both techniques. Thige indices whem,, electric field is applied to the crystal. The

e

Table 1. Compositions in the pure crystals (se- .,
ries ) as deduced from Raman scaftering (RS) ~ Samples  xm/(mole¥%)  K20/(%) rjem Xc (RSY xc (EPRY

linewidth I" of the lowest frequency phonon mole% Li>0 mole% Li>O
and EPR spectroscopy. All crystals were grown

from 48.46 molés LioO in the melt with add- I-1 48.46 0 10.75 4838+ 0.05 4840+0.02
ition of K,O except 1-4 which was prepared -2 48.46 2 9.15 490+ 0.05 4907+0.02
from aLi-rich melt xn = 54.54 molés LiO) -3 48.46 4 7.935 496+ 0.04 4953+0.02
I-4 54.54 0 7.755 4%3+0.04 4950+0.01
I-5 48.46 6 6.48 5M1+0.03 5000+ 0.01




67

Table2. The composition in crystals doped

with 0.06 at% Cr as deduced from the Ra- Samples Xm/moleYo Xc/Mole% rjemt Xc/Mole%
man mode linewidthI". It is compared with pure doped
the composition of corresponding pure crystals

grown from the same melt, as obtained from II-1 42.86 46.69 14.15 407+ 0.06
EPRFée*t linewidth. Whenx, increases, the 1I-2 48.46 48.38 10.00 487+0.05
behaviour ofl" is similar to that in pure crystals 11-3 53.49 49.30 8.47 496+ 0.04
reported in Table 1 1I-4 60.00 49.85 6.63 496+0.03

EO coefficientis deduced from the measurement of the phase | Sample IV-2
shift as a function of. The phase shift can be expressed as
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related to the EO coefficient. The corresponding phase shift Temperature (°C) Temperature (°C)

I'(E) is determined _Wlth a hlgh accuracy using enarmont ig. 1. Relative variation of the birefringence which is induced by a tem-
setup [21] by the difference between the values when a dgerature change as measured for two different dc voltages—at321 nm
voltageV is successively applied or not applied on the samin two Cr-doped crystals. The sample V-2 with =3.72mm and e=

ple. By this way we obtain the dc (continuous) EO coefficientl.8 mmis doped with0.06 at% Cr and the sample IV-3 with. =4.5mm

as andd = 2.245 mmis doped with0.7 at% Cr. The slope of the curves pro-
vides the thermo-optic coefficient whereas the shift between data recorded

re d F‘ at the same temperature for two different dc voltages is related to the EO

2e An(E) -
= _ 4 coefficient (cf (3))
anil dV “)
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where) is the laser wavelength, the crystal length along the —
X axis, anceis its thickness along theaxis. gl W siesl(ue) ;
In fact, in the variation of the phase shift with we have VB series 1(1Cr] = 0.06 2t% )
to consider the contribution associated with a chandedie
to the inverse piezoelectric effect. This phase retardation here 24
is very small compared to that caused by the EO effect and
therefore can be neglected.
An additional source of the phase shift dependence car‘E_ 2r Fﬂ;«;ﬁ(g‘;ﬁ‘w*
arise from a change of the spontaneous birefringence due te> |
a temperature shift during measurements [21]. To discard the 20| E """"""" § EE
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pendence of the retardatidn on the temperature inasmall |  F
range around room temperature and the EO phase shiftis thus 13
yielded by the difference between two plots obtained with . E

and without the field. Typical results obtained in two differ- ¢ . ; . . . .
ent crystals are shown in Fig. 1. We have determined the (dc) 48.5 49.0 o495 50.0
EO coefficient . in pure andCr-doped crystals @321 nmby X; (mole % Li,0 ) .
means of 20-mW diode-pumpedNd:YLF laser. Fig. 2. Electro-opticr. coefficient versus crystal composition in the pure

We have also performed some EO measurements asmples of series | and in tiie06 at% Cr-doped crystals of series II. Inset:

a function of the frequency of an ac modulating field. In thisthe frequency dependence rgfis shown in the congruent pure crystal
case, only an ac electric field is applied on the crystal and we

measure the modulation depth, from which the valuge. a$

derived for different frequencies [22].

In Fig. 2 we summarise the values of the EO coeffi-also report in Fig. 2 the values ;06 at% Cr-doped crys-
cient r; obtained in pure crystals with various composi-tals (series Il). This series also shows large variations between
tions. The variation of. with x; is significant, compared four samples. This result confirms the dependence of the co-
with the good accuracy of the measurements. Indeed efficient on the composition. The shift between values in
equal t020.4 pm V-1 in the congruent crystal diminishes to pure and doped crystals for. < 49.4% is significant de-
17.9pmV-1in I-3 (x. = 49.5 mole) then increases again spite the small amounD(06 at%) of Cr doping. However,
when X, approaches the stoichiometric composition and fithis self effect ofCr seems to depend on the composition
nally attains19.9 pm V-1 in the stoichiometric crystal. We since this shift vanishes for the stoichiometric composition
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re =19.8pmV-1 in the doped crystal compared with=  5pm V-1 in Li-rich crystals, and2.5 pm V- in congruent
19.9 pm V1 in the pure material. crystals.

The inset in Fig. 2 shows the frequency dependence of Results in pure crystals of series | clearly indicate that
rc for the crystal 1-1. The EO coefficient is nearly indepen-is sensitive to the crystal composition. The introductioCof
dent of frequency in the whole frequency range available irinto the LN crystal can cause a change in the composition and
our measurements, 0 up 1dVIHz. Only a small increase is thus lead to a variation af. This effect, however, even if it
detected between the values below and above piezo-elecggists, is negligible with respect to the direct influenceCof
resonances. on the EO properties, which is likely to be the main cause

Figure 3 displays the dependence @bn theCr concen- of the dependences of shown in Fig. 3. Therefore it can
tration as derived from the measurements in the two series @ reasonable to assume in the analysis of the results that for
Cr-doped crystals. The variation of, which is large for the each series (Ill and IV) the crystal composition is nearly con-
series Il km = 54.54 moléhb), is even stronger for the con- stant k. = 49.5 mole€ and48.4 mole) respectively) and the
gruent series VX, = 48.4 moleéb). We can note that for low doping concentration only is varying.
concentration£ 0.08 at%) congruent samples display larger
EO coefficients than the nearly stoichiometric crystals, as in
pure materials.

The dependence of on the chromium doping is muc
larger than its dependence on the composition. Thus the max-
imum of the shift caused by a variationxfis 2.5pmV-tin  Generally the behaviour of the EO coefficient is closely
pure materials whereas the shift dueGodoping is around linked to the corresponding behaviour of linear dielectric per-

mittivity. The relationship betweemand thes quantities was
thus used to describe the temperature dependence of the EO

” coefficient [23] or its frequency dependence [24].

We have therefore undertaken measurements of the per-

h 3 Dielectric measurements

B series [ (x, = 54.54 %)

20 A seriesIV (x. = 48.46 %) mittivity ¢ in the same crystals used in the EO investigations.

To establish the possible link of the EO coefficienvith
the corresponding dielectric permittivity, we studied succes-
sively the dependence ef on frequency in pure and doped
crystals, on the crystal composition and on theconcen-
tration. Then we compared these dependences with the re-
spective behaviours of the coefficigpt We have thus meas-
ured the real and imaginary parts of the dielectric permittivity
in a large frequency range up tbGHz by means of the
impedance analysers HP 4051 and HP 4191A.

The permittivitye. recorded in the congruent pure crystal
is plotted in Fig. 4. Piezoelectric resonances are lying be-
tween 500 and 200 kHz If we except this frequency range,

6 010 ' I ‘ I ‘ l ofs the value ofs. exhibits only a small variation between both

04 0.6
[Cr] (at %) e sides of piezoelectric resonances. This shift (about 2) corres-
Fig. 3. Electro-opticr. coefficient versusCr concentration for crystals of PONds to the electromechanical contributionsto Further-
series Il and IV. The lines are a guide for the eye more, we have shown in a recent paper devoted to the Ra-
man measurements in LN [25] that the permittivity remains
constant betweeh GHzand several’Hz since the Lyddane—

45 Sachs-Teller relationship gives a value of 29 from optical
phonon frequencies. This means thatdoes not present
w0k . a large dispersion versus frequency and that its main contri-

% bution ofe; has an ionic origin. If we subtract from the total
|

find indeed an ionic contribution of about 23.5.

. The dielectric behaviour of; is very similar in all pure
e and Cr-doped crystals. Only the low frequency level (at

1 kH2) varies slightly with the composition. Since the refrac-
tive index changes slightly and the electromechanical contri-
25+ bution is constant between the congruent and the stoichiomet-
ric crystals, this means that only the variation of the ionic con-
tribution with the compositiorx; explains the change af

- value ofe the purely electronic contribution given by the re-
35| ‘ / fractive index squaredf) and the electromechanical part, we
30

2 s at1kHzin pure materials. In the whole frequency range, the
permittivity ec does not exhibit any significant change with
Frequency (KHz) concentration irCr-doped crystals in contrast to the small de-

Fig. 4. Dielectric permittivity e¢ versus the frequency in the congruent pure P€Ndence on .the cc.)mposit'io_n.in the pure crystals. In doped
LN crystal crystals, the dielectric permittivity measured at low frequency
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The termr® can be calculated from the knowledge of the

241 Pure LiNbO, e 5, SHG coefficiend;; by
=T
»nl ¢ 445 rE ~ 4 " (7)
I I S i E T e
L 140
S sl ii In the congruent LN crystal we calculatgz —0.7pmV1
% . andr£ ~ 5 pm V-1 from the values of elasto-optic, piezoelec-
S 6l 435 ¢ tric [27], and SHG coefficients [11].
" E ~~~~~~~~~~~~ We note thar¢ agrees with the increase difference be-
14+ § tween values measured above and below the piezoresonances.
E 130 The piezo-optic contribution to the total coefficientis very
121 o low especially if compared with other ferroelectric oxides
LJ (It is half of the total value of the coefficient ins in
0% Y T Y BaTiO; [22]). On the other hand the purely electronic con-
x (mole % Li,0) tribution is not negligible compared with the whole value

rT measured at low frequency(= 20.4 pm V-1). However,
Fig.5. Comparison of the crystal composition dependercetween the  naither a change irg norinrE can be likely to be invoked to
electro-optic coefficientc and the dielectric permittivity. as measured at - c - -
1KHzin the pure samples of series | explain the large dependences in the EO coefficients the
composition and o€r doping.

Indeedrd was checked to be very small and nearly con-
is nearly unaffected by thér content and the electronic per- Stant between various pure and doped samples. Even if the
mittivity. SHG coefficients and the refractive indiagsandne which

Since both the EO coefficient and the permittivitys, ~ are associated wittf in (7) are known to vary slightly with
measured at kHz are dependent on the composition in purethe composition in pure crystals, the induced chang€ iis
crystals (series 1), they are compared and plotted in Fig. 5. W0 weak to explain the variations of reported in Fig. 2. In

note that their behaviours are remarkably similar. doped crystals the SHG coefficients; andds, are unknown
but the refractive indices are nearly insensitiveCtodoping

so that the change irf with doping is not likely to be larger
thanl pm V-1,
4 Interpretation Consequently the large dependencesobn the con-
centration of both the intrinsic and extrinsic defects have to
originate from some changes in the ionic contributibrT his
term derives from the change of the reciprocal optical sus-
ceptibility under the applied electric field which is indirectly
caused by the ionic polarisation.
Now we attempt to interpret the dependences of the EO prop- The coefficientr, can be thus connected to the corre-
erties in LN on both the crystal compositiog and theCr  sponding permittivitye. via the polarization-optic coefficient
concentration. First, we discuss the various contributions td. as
the EO coefficient.
In an inorganic crystal, the various contributions to the EQ'c = €o(éc — 1) fe. (8)

coefficient can be generally separated [23, 24, 26] as The coefficientf. is defined as the derivative of the reciprocal
T4 E susceptibility resulting from the ionic polarization.
ri=r+r+r-, (5) The polarization optic coefficient. is derived from (8)
and the values of; andr.. We find, in pure crystals, a value
wherer¢ is the mechanical contribution (piezo-optic effect)of fc which is remarkably constant with the composition
due to the crystal deformation caused by the inverse piezdt, (0.075+0.005 m*C . The behaviour of, reported in
electric effectr! is the ionic contribution antf is the direct ~ Fig. 5, consequently reflects the dependeneg of the com-
electronic contribution. These contributions occur in separatgosition and mainly originates from a change in ionic polariz-
frequency ranges. K™ corresponds to the coefficient of the ability. o _ )
free sample (unclamped), i.e. to the sum of all contributions at  The coefficientf; is also determined for doped crystals.
Zero frequency’s —r! _|_rE is the coefficient in the C|amped Its value varies between 0.07 a@®8 n? C~1 in alll crystals

conditions which impede the mechanical deformation of th&vith low Cr concentration £ 0.7 at%). It decreases strongly

crystal. for larger concentrations in congruent and in nearly stoichio-
The contributiong® which appears at acoustic frequen- metric crystals.

cies can be determined by the difference in the plat) o .

between the values of the coefficient below and above thé-2 Structure of defects and variations of the EO properties

piezoresonances. It can be also related to the components of .
the elasto-optip and the piezoelectrid tensors by Among several models proposed to explain the structure of
non-stoichiometric LN crystal, we retain the description sug-

d d gested by Lerner et al. [28] In this model, the relative ex-
filj = PikOkj (6)  cess ofNb ions is substituted for the vacaht sites, in the

4.1 Origin of the variations af; in pure andCr-doped
crystals
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so-calledNb antisites, whereas the charge compensation ibecause of a large amount bf sites surrounded by de-
insured by 4.i vacancies for eacNb ion. Within this frame-  formable oxygen octahedra. In other words the EO properties
work, the concentration dfib antisites and the number bf  of LN can be favoured by two competitive mechanisms, the
ions can be calculated. non-stoichiometry intrinsic defects and the ordering of the
The number of\b antisites and therefolld vacancies is lattice structure, which mainly act on the congruent com-
large inLi-poor crystals and decreases on approaching thgosition side and the stoichiometry side, respectively. This

stoichiometric composition. The relative contentd\iifanti-  interpretation also holds fa€r-doped crystals with a small
sites and.i ions can likely affect the electro-optic properties concentration.
as well as the optical properties. In the highly doped LN crystal, as tHéby; antisites are

Two processes can be invoked to contribute to the electraapidly filled, the dynamics of site substitution by chromium
optic effect inLINbOg3, the ionic and electronic polarizabil- ions is more complicated as revealed by new recent lumines-
ities of theNb ion (process 1) and the deformability of the cence experiments [30]. In particular they can occupy neigh-
oxygen octahedron around (process 2). Each process canbouringLi and Nb sites leading to the formation @r°*—
change with the number dfb antisites and thei ionsin the  Cr** dimers [18]. This disorder in th€r-doped LN lattice
crystal. In congruent oNb-rich crystals, the number dfib  obviously increases with the deviation from the stoichiometry
ions substituting foLi is relatively large, favouring the pro- and with increasing doping concentration. This explains the
cess 1 and alarge ionic polarization. This gives rises to a lardarge decrease of the EO coefficieptvith Cr concentration
dielectric permittivitye and therefore, as shown above (seewhich is still enhanced in the congruent crystal compared to
(8)), to alarge.. the nearly stoichiometric crystal (see Fig. 2).

Whenx. approaches the stoichiometric composition, the
number of antisites diminishes whereas theoncentration
increases, so process 2 becomes more important, which lea®lsConclusions
to large values of. andr..

Now we turn to the behaviour of in the Cr-doped crys-  We have reported a significant variation of the EO coefficient
tals. First, we consider the series Il of crystals doped with in the pure crystals with the content of intrinsic defects re-
0.06 at% Cr. This concentration of extrinsic defects can belated to the deviation from the stoichiometric composition.
considered small compared with the concentration of intrinThis behaviour is closely linked to a similar dependence of
sic defects by;) related to the non-stoichiometry. We havethe dielectric permittivity along the ferroelectricaxis and
shown above that the apparent composition of the crystaJan be attributed to the partial occupation K ions of
is only slightly shifted by a small chromium doping (seelLi sites. In theCr-doped crystals the EO coefficieng de-
Table 2). Accordingly, a changeigdue to asmalCrdoping  creases abruptly with increasit@y concentration. This de-
is expected to be comparable to the variation due to a smatkease is larger in the congruent samples than in the nearly
change of the compositio in the pure crystals, if we neg- stoichiometric samples. As the dielectric constant is nearly
lect the self influence of chromiumions on the EO propertiesunaffected, this large dependence ofvith Cr doping is at-

In fact, our results reported above (see Fig. 2) showrthat tributed to a change of the polarization-optic coefficient due
is significantly lower in0.06 at% Cr-doped crystals than in to a disordering in the lattice caused by the doping.
pureLi-poor crystals with the same composition, whereas the Results in pure and doped crystals show that the EO prop-
values are nearly the same for doped and pure samplés in erties in LN originate from théNb polarizabilities and the
rich crystals. deformability of the oxygen octahedron aoundidaon. The

This comes from the fact that the introduction of a smallefficiency of these processes is closely linked to the structure
amount ofCr, even if it affects only slightly the crystal com- of the lattice and site dynamics b andLi ions, which are
positionx,, can lead to a significant change in the substitutioraffected by both the crystal composition and the doping. At
site. Luminescence d€r in LN indeed reveals that for low the variation of intrinsic and extrinsic defect concentrations,
concentration (smaller tha@.1 at%) the Cr ions are sub- the structure of both kinds of defect centres can be changed
stituted mainly for theli sites [29,30]. Consequently the and this can lead indirectly to a change in the local electric
number of niobium antisite¥by; is smaller inCr-doped crys-  field and EO properties of the whole material.
tals than in pure crystals. Since the number of antisites was
shown to be correlated to the EO properties in pure crysAcknowledgementiVe are grateful to E.P. Kokanyan, V.P. Yarumichev, and
tals, a smaller number leads to a decrease in the valire V.T. Gabrielyan for supplying us with the very good crystals used in this
theCr-doped crystals. In doped crystals with the compositior‘?t“dy'
close to the stoichiometry the EO properties are governed by
process 2 related to the numberldfions, which is nearly
unaffected by a smatr doping. Consequently the EO coef- References
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