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Introduction

Nonlinear optical photorefractive lithium niobate crystal

(LiNbO3) is one of the most important materials of

acoustic and optoelectronics, integrated and laser optics. At

present, there is a high demand for functional nonlinear

optical materials based on LiNbO3 single crystal of high

compositional homogeneity with a low photorefraction

effect and a coercive field. The photorefraction effect

and the magnitude of the coercive field in LiNbO3 crystal

can be most significantly reduced by doping with high

(close to a second concentration threshold and higher)

concentrations of metals Mg2+, Zn2+, Gd3+ etc. [1,2]. At

some
”
threshold“ concentrations (constant for each impu-

rity), all concentration dependences of properties reveal

abnormalities [2]. In particular, for LiNbO3 :Mg crystal

two concentration thresholds were found at ≈ 3 and 5.5

mol%MgO, at which an abrupt change in the defect state

and physical characteristics of the crystal is observed [2].

Thus, an introduction to a congruent (R = Li/Nb = 0.946)

LiNbO3MgO crystal in the amount of ≈ 5mol% (concen-

tration threshold is ≈ 5.5mol%MgO) reduces the coercive

field from 22−23 kW/mm to 4.8 kW/mm, which is very

important for creating nonlinear optical single crystal mate-

rials with periodically polarized domains for laser radiation

conversion [3–6]. However, with such heavy doping (due

to the nonuniform distribution over the crystal volume of

the dopant and associated point and complex defects),

the composition inhomogeneity of the single crystal in-

creases significantly thus reducing the homogeneity of many

physical characteristics of the material. The coefficient of

metals Mg2+, Zn2+, etc. inclusion in the structure of

LiNbO3 crystal and its composition homogeneity are also

significantly affected by the method of doping [1].

Determination how the dopant and the method of doping

affect the composition homogeneity and optical properties

of the LiNbO3 single crystal, in view of its wide application

as a functional nonlinear optical material, is an urgent task

of great practical importance.

Papers [1,7–12] show the comparative studies of the

structural features and optical properties of some compo-

sitions of LiNbO3 : Mg crystals obtained by the Czochralski

method carried out in two ways: by direct doping of the

melt (used in industry), when the dopant is introduced

directly into the melt before melting the crucible, and by

a new method [13] comprising a charge synthesized using

the Nb2O5 : Mg precursor (homogeneous doping method).
It is logical to assume that clusters and complexes consisting

of octahedral (Nb(Mg)O6) and tetrahedral (Nb(Mg)O4)
structures [14–18], existing in melts of Nb2O5 : Li2O and

Nb2O5 : Li2O :MgO systems and forming the composition

homogeneity of the LiNbO3 crystal differ in structure, size,

and chemical activity. Consequently, melts having different

composition and doping method, and under other equal

conditions should crystallize differently with the formation

of different composition homogeneity of the crystal [14,15].
Indeed, studies of the macro- and microstructural homo-

geneity of doped LiNbO3 :Mg crystals by optical meth-

ods indicate a higher composition homogeneity of some

homogeneously doped crystals compared to direct-doped

crystals [7–12]. In particular, when using the method of

homogeneous doping, there are fewer defects in the crystal

in the form of growth bands, dislocations, clusters and mi-

crostructures, microdomains, domain boundaries and block-

like structures inherent to the direct doped crystals [1,19,20].
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This can presumably be explained by the fact that during

homogeneous doping, the alloying element Me (Me=Mg,

Zn, Gd, etc.) even at the stage of Nb2O5 : Me precursor

synthesis forms mainly intraoctahedral coordination with a

more uniformly distribution over the melt volume, which

increases the concentration of Nb(Me)O6 clusters with an

oxygen-octahedral structure in the melt and the coefficient

of metal incorporation into the structure of the LiNbO3 crys-

tal, making the crystal more compositionally homogeneous.

The estimated effective magnesium distribution coefficient

for the homogeneous doping method is ≈ 1.17. In the direct

melt doping method, magnesium has a lower distribution

coefficient (≈ 1.11) [1].

This paper presents the results of comparative

complex studies using Raman spectroscopy (RSS),
photoinduced light scattering (PILS) and laser

conoscopy of composition homogeneity and some

optical properties of close in composition heavily doped

monodomainized crystals LiNbO3 : Mg (5.03mol%MgO)
and LiNbO3 : Mg (4.75mol%MgO), obtained respectively

by the method of direct doping of the melt and by

the method of homogeneous doping from the charge

synthesized using the Nb2O5 :Mg precursor.

Experimental procedure

The production of LiNbO3 : Mg single crystals of different

compositions by direct doping of the melt and by the

method of homogeneous doping using the Nb2O5 : Mg pre-

cursor is described in detail in the papers [1,8–12].
The crystals were grown in an air by the Czochralski

method on
”
Kristall-2“unit. The grown single crystals

were monodomainized by high-temperature electrodiffusion

annealing with direct current application while cooling the

crystals at a rate of 20 grad/h in the temperature range of

∼ 1240−880◦C. The degree of monodomain was monitored

by analyzing the frequency dependence of the electrical

impedance and by determining the value of the static

piezoelectric modulus (d333st) of the crystal boule. Samples

for studies were prepared from monodomainized crystals

in the form of parallelepipeds (7× 6× 5mm), the edges

of which coincided in direction with the crystallophysical

axes X ,Y, Z, respectively (Z is the polar axis of the crystal).
The faces of the parallelepipeds were thoroughly polished.

The RSS spectra were excited by 514.5 nm line of Spectra

Physics argon-krypton laser (model 2018-RM) and recorded

with T64000 spectrograph (Horiba Jobin Yvon) using a

confocal microscope. To reduce the photorefraction effect

on the RSS spectrum, the spectra were excited by low-

power radiation (3mW). All spectra were recorded with

a resolution of 1.0 cm−1. The spectra were processed

using the Horiba LabSpec 5.0 and Origin 8.1 programs

package. The accuracy of determining the frequencies,

widths and intensities of ±1.0, ±3.0 cm−1 and 5% lines,

respectively. Details of the research methods as PILS and

laser conoscopy are given in the paper [21]. In PILS and

laser conoscopy experiments Nd :YAG (MLL-100) laser

with a generation line of 532 nm and a power of up to

160mW, d = 1.8mm was used. To assess the compo-

sition homogeneity of crystals, PILS conoscopic patterns

and RSS spectra in various polarization geometries were

recorded with a step of 5mm from different points of the

studied crystals.

Results and discussion

RSS spectra of single crystals

LiNbO3cong,LiNbO3 : Mg (4.75mol%MgO, homogeneous

doping) and LiNbO3 : Mg (5.03mol%MgO, direct

doping) recorded in the range of 50−1000 cm−1 in

the backscattering geometry Y (ZZ)Ȳ and Y (ZX)Ȳ (in Porto

notation [22] are active, respectively, fundamental vibrations

of A1(TO) and E(TO) symmetry types [2]) in polarized

radiation are shown in Fig. 1. RSS spectra of polycrystals

LiNbO3cong, Nb2O5 and Nb2O5 : Mg (5.54mol%MgO) are

shown in Fig. 2. In RSS spectrum of oxygen-octahedron

crystal structures of LiNbO3 and Nb2O5 in the range

of 150−400 cm−1 predominantly lines corresponding

to fundamental vibrations of intraoctahedral cations

(Li, Nb,Mg) in the range of 550−1000 cm−1 — vibrations

of the oxygen frame of the crystal [2,23] occur. At the same

time, in the range of 850−950 cm−1, stretching bridged

vibrations (SBV) of oxygen atoms along the polar axis

in the bridge Me−O−Me (Me−Nb, Li, impurity metal)
are observed, they are most sensitive to changes in the

polarizability of the oxygen-octahedral clusters MeO6 [2,23].
When the oxygen-octahedral structure is destroyed with

the formation of island structures of O6 octahedrons,

Me−O−Me bridge is destroyed, and lines corresponding

to the end vibrations of Me−O, whose frequency is higher

than the SBV frequencies of oxygen atoms along the polar

axis [23], occur. SBV of oxygen atoms along the polar axis

in the Me−O−Me bridge are active in the RSS spectrum

only for noncentrosymmetric oxygen-octahedral MeO6 clus-

ters [23]. It should be noted that the RSS spectrum of

a pure Nb2O5 polycrystal is represented by a smaller

number of lines than the spectrum of the polycrystal

Nb2O5 : Mg (5.54mol%MgO, homogeneous doping), Fig. 2.

Frequencies and widths of experimentally observed lines

in the RSS spectra of LiNbO3cong, LiNbO3 : Mg single

crystals and line frequencies in the spectra of Nb2O5 and

Nb2O5 : Mg polycrystals are shown in the Table. It turned

out to be impossible to correctly determine the linewidths

in the spectrum of Nb2O5 and Nb2O5 : Mg polycrystals due

to the large overlapping of the lines (Fig. 2). Nb2O5, like

LiNbO3 has a region of homogeneity in the phase diagram

and is a phase of variable composition. At the same time, in

contrast to the LiNbO3 crystal, in which only two poly-

morphic modifications (low-temperature ferroelectric and

high-temperature paraelectric, Tc ≈ 1480K), and both have

oxygen-octahedral structure, at least fifteen polymorphic

modifications are known for crystalline niobium pentoxide,
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Main parameters of the RSS spectra lines of single crystals LiNbO3cong and LiNbO3 : Mg (homogeneous and direct doping) in

scattering geometries Y (ZX)Ȳ (oscillations of E(TO) symmetry type are active) and Y (ZZ)Ȳ (oscillations of A1(TO) symmetry type

are active);P = 3mW; λ0 = 514.5 nm

LiNbO3cong
LiNbO3 : Mg (4.75mol%MgO) LiNbO3 : Mg (5.03mol%MgO)

(homogeneous doping) (direct doping)

ν , cm−1 S, cm−1 ν , cm−1 S, cm−1 ν , cm−1 S, cm−1

Y (ZX)Ȳ , E(TO)

152 12 157 12 157 11

240 11 249 12 249 12

268 14 274 18 274 18

324 13 331 20 330 19

371 23 375 28 375 28

434 14 439 17 439 17

576 15 576 28 576 27

Y (ZZ)Ȳ , A1(TO)

254 30 265 21 265 22

275 12 281 19 282 19

332 11 337 15 338 16

631 26 626 31 625 30

and only insignificant part of them has oxygen-octahedral

structure [24–29]. The most common modifications of

Nb2O5 are monoclinic α-form, hexagonal β-form and

orthorhombic γ-form. The RSS spectra of mixture of some

Nb2O5 modifications were studied in papers [24,26–29]. To
obtain the single crystal of high composition homogeneity,

it is important that, during the synthesis of a lithium niobate

charge, the Nb2O5 and Nb2O5 : Mg precursors be single-

phase in maximum extent, and, like LiNbO3 charge, have

predominantly oxygen-octahedral structure.

The RSS spectrum of Nb2O5 and Nb2O5 : Mg polycrystals

used by us to synthesize the lithium niobate charge, in

SBV area of oxygen atoms has five lines with frequencies of

814, 845, 902, 965, 995 cm−1 (Fig. 2), which indicates the

presence of both oxygen-octahedral and oxygen-tetrahedral

island structures consisting of chain fragments of Nb(Mg)O6

octahedrons and Nb(Mg)O4 tetrahedrons. In this case, the

line with frequency of 845 cm−1 corresponds to the SBV of

oxygen atoms of Nb−O−Nb in tetrahedral clusters NbO4,

and the line with frequency of 902 cm−1 — to the

SBV of oxygen atoms in NbO6 octahedral clusters [23].
The line with frequency of 965 cm−1 is attributed to

the end stretching vibrations of Nb−O in isolated (is-
land) NbO4 tetrahedrons, and the line with frequency of

995 cm−1 — to end stretching vibrations of Nb−O in

isolated (island) octahedrons [23,24]. Significantly lower (in
the RSS spectrum of Nb2O5 : Mg polycrystal) intensities of

lines with frequencies of 965 and 995 cm−1, corresponding

to the end vibrations of Nb−O in NbO4 tetrahedrons and

NbO6 octahedrons (Fig. 2), indicate a smaller number of

isolated island structures in Nb2O5 : Mg precursor than in

the structure of pure Nb2O5. That is, the concentra-

tion of phases with oxygen-octahedral structure is higher

in Nb2O5 : Mg precursor (homogeneous doping) than in

pure Nb2O5.

The line frequencies in the RSS spectra of LiNbO3 : Mg

single crystals of homogeneous and direct doping, corre-

sponding to vibrations of E(TO) and A1(TO) symmetry

types, are in good agreement with each other and noticeably

differ from the corresponding frequencies in spectrum of

LiNbO3cong crystal, (Table), which indicates a noticeable

difference between the corresponding quasi-elastic im-

mutable bindings in nominally pure and magnesium-doped

LiNbO3 crystals. Almost all lines in the spectrum of doped

crystals are much wider than in the spectrum of nominally

pure LiNbO3 crystal, which indicates an increased disorder

in the arrangement of structural units of the cationic

sublattice and a greater
”
exciting“ of O6 oxygen octahedrons

of doped crystals as compared with the octahedrons of

nominally pure LiNbO3 crystal. Moreover, like the line

frequencies, the corresponding linewidths are close in the

spectra of doped crystals and differ greatly from the corre-

sponding linewidths in the spectrum of the LiNbO3cong crys-

tal. Especially large widening (almost by two times) is

observed in the line with frequency of 576 cm−1, which

corresponds to doubly degenerated vibrations of oxygen

Optics and Spectroscopy, 2022, Vol. 130, No. 1
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Figure 1. RSS spectra of LiNbO3cong single crystals

(curve 1), LiNbO3 : Mg (5.03mol%MgO, direct doping, curve 2),
LiNbO3 : Mg (4.75mol%MgO, homogeneous doping, curve 3),
in scattering geometries Y (ZX)Y and Y (ZZ)Y ; P = 3mW;

λ0 = 514.5 nm. T = 293K.
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Figure 2. RSS spectra of polycrystalline samples: curve 1 —-

Nb2O5 : Mg (5.54mol%MgO, homogeneous doping), 2 — Nb2O5.

atoms of E(TO) symmetry type occurring perpendicular

to the polar axis of the crystal. In this case, the line

with frequency of 631 cm−1 (LiNbO3cong) corresponding

to
”
breathing“ vibrations of A1(TO) symmetry type of

O6 oxygen octahedrons is widened much less significantly.

This fact indicates a noticeable
”
excitation“ (expansion) by

magnesium of O6 oxygen octahedrons due to length change

in the O−O bonds.

It is unusual that in the low-frequency region of the

RSS spectrum, where vibrations of intraoctahedral cations

along and perpendicular to the polar axis are manifested,

upon a significant difference in line frequencies in the

spectra of the LiNbO3cong crystal and LiNbO3 : Mg

crystals (direct and homogeneous doping) the differences

in linewidths are small. In this case, the linewidth

with frequency of 254 cm−1 corresponding to vibrations of

A1(TO) symmetry type of Nb ions along the polar axis,

most of all in the spectrum of LiNbO3cong crystal than in

the spectra of crystals doped with magnesium. On other

hand, linewidth with frequency of 275 cm−1 corresponding

to vibrations of A1(TO) symmetry type of Li ions along the

polar axis is smaller in the spectrum of LiNbO3cong crystal

than in the spectra of crystals doped with magnesium. The

narrowing of the line indicates a more ordered state of

the lithium sublattice and a more disordered state of the

niobium sublattice in LiNbO3cong crystal (characterized by

a high concentration of NbLi point defects) as compared to

crystals heavily doped with magnesium. These data confirm

the results of papers [2,7,8] that at magnesium concentra-

tions near the concentration threshold of 5.0mol%MgO,

some ordering of the cationic sublattice occurs due to

the almost complete replacement by magnesium ions of

point defects NbLi, which are the deepest electron traps

in pure LiNbO3 crystal and have a significant influence

on the photorefraction effect. Note that in relation to

ordering of the defects sublattice from hydrogen atoms

the crystals LiNbO3 : Mg (5.03mol%MgO, direct doping)
and LiNbO3 : Mg (4.75mol%MgO, homogeneous doping)
are identical to each other, but noticeably differ from

LiNbO3cong crystal. Three lines with frequencies of 3470,

3483, 3486 cm−1 are observed in the IR absorption spec-

trum of the LiNbO3cong crystal in the region of stretching

vibrations of OH-groups. While in the IR spectrum of heav-

ily doped crystals LiNbO3 : Mg there are only two lines with

significantly higher frequencies: 3526 and 3535 cm−1 [7,8].
Such a strong shift of the spectrum to the high-frequency

region is due to a decreased number of complex defects

NbLi−OH due to their displacement by magnesium, and the

formation of defect complexes MgLi−OH and MgNb−OH.

In this case, due to the conservation of the electrical neutral-

ity of the crystal, the number of vacant (V ) octahedrons O6

and complex defects VLi−OH associated with them will

change.

A specific feature of lithium niobate single crystals

doped with relatively high (≥ 3mol%MgO) magnesium

concentrations is the non-uniform entry of the impurity into

the crystal [8,10,19,30] and, accordingly, the appearance

of growth bands associated with concentration gradients of

dopant both in the perpendicular plane and in the plane

parallel to the growth axis. The appearance of growth

bands is accompanied by the appearance of microdefects in

the form of dislocations, microdomains, domain boundaries,

and block structure, which are especially noticeable in the

region of increased impurity concentration gradients at the

boundaries of growth bands [20,30]. It is quite difficult

Optics and Spectroscopy, 2022, Vol. 130, No. 1
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Figure 3. Conoscopic patterns of LiNbO3 : Mg crystals of direct (1–4) and homogeneous (5–8) doping obtained by scanning along the

plane of input edge. λ = 532 nm. P = 1 and 90mW.

to get rid of such defects, since they are an additive

result of the physicochemical properties of the melt and

the lithium niobate ferroelectric crystal. As a rule, growth

rings and bands in doped lithium niobate crystals are the

result of impurity segregation. The diffusion-defect structure

arising in the latter case is fixed upon cooling from the

crystallization temperature to temperature below the Curie

point [1].

In papers [16–18], the transition of the crystal structure

into melt and melt (Nb2O5−Li2O system) at various

temperatures of a nominally pure LiNbO3 crystal was

studied by high-temperature RSS spectroscopy. It was

shown that in the premelting region of LiNbO3 congruent

crystal the rearrangement of its structure begins, as a result

of which tetrahedral coordination of niobium atoms appears

in the oxygen-octahedral crystalline matrix. The presence

of NbO4 tetrahedrons in the premelting region and in

the molten state of Nb2O5−Li2O system is provided by

a strong Nb−O covalent bond. Since lithium is bound

to oxygen by a much weaker electrostatic interaction, no

LiO4 tetrahedron [16–18] was found in the lithium niobate

melt. It was also shown that the melt may contain not

only isolated tetrahedral groups, but also other complexes

with a stable structure [17,18]. It is also obvious that

Mg−O covalent bonds and the corresponding complexes

will remain in the melt. Since, as it was already shown

above, in the crystal structure of Nb2O5 : Mg precursor used,

the concentration of phases with octahedral coordination of

niobium is higher than in Nb2O5 structure, we can expect

that homogeneous doped crystals will be characterized by

greater composition homogeneity than crystals of direct

doped melt.

Previously, in papers [8,9,30] for crystal LiNbO3 : Mg

(5.03mol% MgO, direct doping) the clearly pronounced

growth bands were found when studying the macro- and

microstructure. At the same time, for crystal LiNbO3 : Mg

(4.75mol% MgO, homogeneous doping) such macro- and

microdefects were absent both for the X -cut and for the Z-
cut [8,9]. Higher composition homogeneity of the crystal

LiNbO3 : Mg (4.75mol%MgO, homogeneous doping) in

comparison with crystal LiNbO3 : Mg (5.03mol% MgO,

direct doping) also confirms the fact that the difference

between the MgO concentrations determined by us in the

cone and end parts of the boule of crystal LiNbO3 : Mg

(homogeneous doping) is less than for crystal LiNbO3 : Mg

(direct doping). For a homogeneous doped crystal it is

0.06mol%MgO, and for direct doped crystal it is almost by

two times higher (0.11mol%MgO).

One of the most sensitive methods for studying the

composition homogeneity of single crystals is the method

of laser conoscopy in strongly divergent beams of laser

radiation [21]. The appearance of growth bands, impurity

concentration gradients, and clusters of microdefects leads

to local change in the elastic characteristics of the crystal

and the appearance of mechanical stresses [21,30] that

locally distort the optical indicatrix of optically uniaxial

lithium niobate crystal. The latter must inevitably lead

to distortion of the conoscopic patterns. Moreover, the

maximum distortion is observed for conoscopic patterns at

the boundaries of growth bands, where the concentrations

of structural defects and concentration gradients of the

dopant are maximum. Conoscopic patterns of crystals

LiNbO3cong, LiNbO3 : Mg (4.75ṁol%MgO, homogeneous

doping) and LiNbO3 :Mg (5.03mol%MgO, direct doping)

12 Optics and Spectroscopy, 2022, Vol. 130, No. 1
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Figure 4. Circular scattering on static structural defects of the structure of crystals LiNbO3 : Mg of direct (1) and homogeneous (2)
doping. λ = 532 nm. P = 160mW.

obtained at different laser radiation power are shown

in Fig. 3. All conoscopic patterns correspond to patterns

of uniaxial crystal of high optical uniformity. When the

laser radiation power increases to 90mW, no additional

anomalies were found in the conoscopic patterns, which

indicates the absence of photoinduced distortions in the

crystal structure caused by the action of laser radiation. Like

the RSS spectra (Fig. 1), the conoscopic patterns of all three

crystals are significantly different. The conoscopic patterns

of the crystal LiNbO3 : Mg (4.75mol%MgO, homogeneous

doping) are more perfect (Fig. 3, curves 5–8). They

correspond to the patterns of uniaxial crystal of high optical

quality. The conoscopic patterns of the crystal LiNbO3 :Mg

(5.03mol%MgO, direct doping) are more blurred (Fig. 3,

curves 1–4) in comparison with the pictures of the crystal

LiNbO3 : Mg (4.75mol%MgO, homogeneous doping): on

the upper left branch of the
”
Maltese“ cross the presence

of defects, which are obviously related to uneven entry

of the magnesium dopant into the crystal structure. It

should be noted that when scanning along the plane of the

input face for crystal LiNbO3 : Mg (5.03mol%MgO, direct

doping) in contrast to the RSS spectra different conoscopic

patterns were obtained (Fig. 3, curves 1–4), which indicates

the composition inhomogeneity of this crystal. At the

same time, the conoscopic patterns show low signs of

anomalous optical biaxiality (Fig. 3, curves 1 and 3), which

is expressed in the deformation of
”
Maltese“ cross in the

vertical direction from the center, corresponding to the

direction of deformation of optical indicatrix.

PILS patterns show high resistance of crystals

LiNbO3cong, LiNbO3 : Mg (4.75mol%MgO, homogeneous

doping) and LiNbO3 : Mg (5.03mol%MgO, direct

doping) to optical damage by laser radiation 160mW

(I = 6.29W/cm2). It can be seen from Fig. 4 that the

speckle structure of the PILS indicatrix of the studied

crystals is not discovered, and only circular scattering on

static structural defects is observed, which indicates a low

photorefraction effect. In this case, the PILS patterns

(as well as the conoscopic patterns, Fig. 3) of the

studied crystals differ noticeably. The crystal LiNbO3 : Mg

(5.03mol%MgO, direct doping) is characterized by a

higher scattering power than the crystal LiNbO3 : Mg

(4.75mol% MgO, homogeneous doping), which indicates

its high composition homogeneity.

Conclusion

RSS, PILS and laser conoscopy methods were ap-

plied to close in composition heavily doped crys-

tals LiNbO3 : Mg (5.03mol%MgO) and LiNbO3 : Mg

(4.75mol%MgO) obtained by two ways: by direct

doping of melt and by homogeneous doping from a

charge synthesized using the Nb2O5 : Mg precursor. The

RSS spectra of LiNbO3cong polycrystals and precursors

Nb2O5 and Nb2O5 :Mg (5.54mol%MgO), from which

Optics and Spectroscopy, 2022, Vol. 130, No. 1
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LiNbO3 : Mg crystals of direct and homogeneous doping

were grown, respectively.

The RSS spectra of LiNbO3 :Mg single crystals of

homogeneous and direct doping practically do not differ

from each other, but noticeably differ from the spectrum

of the LiNbO3cong crystal. RSS data indicate a noticeable

”
excitation“ (expansion) with magnesium of O6 oxygen

octahedrons due to change in the lengths of O−O bonds,

but at that the narrowing of the lines in the low-frequency

region of the spectrum indicates a more ordered state of

the lithium sublattice and a more disordered state of the

niobium sublattice in LiNbO3cong crystal (characterized by

a high concentration of point defects NbLi) as compared to

crystals that were heavily doped with magnesium.

The results obtained by PILS and laser conoscopy

show that the crystal LiNbO3 : Mg (4.75mol%MgO, ho-

mogeneous doping) is characterized by greater optical

homogeneity as compared to the crystal LiNbO3 :Mg

(5.03mol%MgO, direct doping). In this case, both crystals

LiNbO3 : Mg have low photorefraction effect.

The study of RSS spectra of the precursors showed

that the concentration of the phases with the oxygen-

octahedral structure is higher in the precursor Nb2O5 :Mg

(5.54mol%MgO, homogeneous doping) than in pure

Nb2O5. This fact allows us to conclude that a more

uniform distribution of the dopant in homogeneous doped

crystals begins to form already at the stage of synthesis

of Nb2O5 : Mg precursor and lithium niobate charge

during the formation of chemically active complexes that

determine predominantly oxygen-octahedral structure of

Nb2O5 : Mg precursor.

The results of this work indicate that the method of

homogeneous doping using Nb2O5 : Mg precursor can be

used to obtain more compositionally homogeneous heavily

doped LiNbO3 : Mg single crystals with low coercive field

than by direct doping of the melt with magnesium.
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