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Abstract Individual domains and domain gratings were
fabricated on nonpolar Y-cuts of LiNbO; and LiNbOs-Zn
crystals by electron beam irradiation. The domains which
nucleated in the irradiation points are frontally growing
along the direction +Z within a thin (of about several
microns) surface layer. The regularities of this motion are
discussed in the framework of the approach to formation of
space-charge fields under e-beam charging of insulators.
The obtained dependency of the domain length on the
exposure time permits us to propose the viscous-friction
mechanism for the observed frontal domain growth. The
velocity of the frontal growth in LiNbOs-Zn is higher than
in LiNbOj; obviously due to a decreased number of pinning
centers at the Nb-antisites. In LiNbO3-4 %Zn crystals
planar domain gratings were fabricated by means of point-
to-point irradiations along the X- and Z-directions with
specified distances between the irradiation points. It is
shown that the domain gratings are generated by a total
field of point charges E= > E;, where E; is the space-
charge field induced in any irradiation point, and n is the
number of points. Some preliminary estimates indicate that
the frontal growth of domains under e-beam irradiation
occurs at fields £ < E..
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1 Introduction

Ferroelectric domain structures with specified design are of
particular interest for optical frequency conversion. The
most prominent material for these aims is lithium niobate
due to the large quadratic nonlinear susceptibility and a
high stability of the regular domain structures (RDS) fab-
ricated by various methods. One of the topical problems is
the frequency conversion in optical waveguides based on
LiNbOj. Certain future applications, such as nonlinear
photonic crystals or optical schemes with semiconductor
laser diodes require RDS periods of about 2—4 pum or even
of submicron range. The preparation of so small-scaled
RDS in LiNbO3 with the aid of the field method (by means
of applying high voltages to a patterned electrode deposited
on the polar surface) meets certain technological and fun-
damental problems. Additionally, the field method does not
allow to produce RDS on the nonpolar (X- or Y-) surfaces
which sometimes are more preferable for producing optical
waveguides than the polar Z-cut. The most promising
methods for the creation of microdomain arrays use local
poling with the help of electron-beams in a scanning
electron microscope (SEM) or applying dc-voltages to an
AFM tip (see [1]). There is a number of publications
devoted to the fabrication of domains and RDS on polar
cuts of LiNbOj crystals using the SEM method, e.g. [2-7]
(more detailed bibliography can be found, e.g. in [1]).
Recently, one of the present authors (L. K.) succeeded in
recording domains and RDS on nonpolar (X- and Y-) cuts
of LiTaO; crystals by means of e-beam irradiation [8].
Later on, similar results were obtained in LiNbOs; [9].
Additionally, domain gratings were fabricated by this
method in Ti-indiffused planar waveguides on Y-cuts of
LiNbOj crystals. With these gratings QPM waveguide
SHG from 1053 radiation was observed [9].
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This paper presents electron-beam recording of domains
and domain gratings on Y-cut LiNbOs-Zn crystals. For
comparison, e-beam domain recording was performed
under similar exposure conditions in the nominally pure
LiNbOj crystals. The choice of LiNbO5:Zn is owing to the
well-known effects of the Zn impurity on the properties of
LiNbO;. Firstly, Zn-doping reduces drastically the optical
damage in LiNbO; [1], and, secondly, Zn-indiffusion
provides the optical waveguide effect [10]. Therefore, the
results obtained are useful for projected e-beam recording
of RDS in optical-damage resistant Zn-LiNbOj; optical
waveguides. Moreover, we attempt, for the first time to our
knowledge, to discuss qualitatively the domain formation
under e-beam irradiation in the framework of the current
approach to the formation of space-charge fields in insu-
lators under e-beam charging.

2 Crystals and experimental procedures

LiNbOj crystals of congruent composition (designated
below as CLN) and LiNbOj3-Zn crystals were grown by the
Czochralsky method. As known, a drastic decrease of the
optical damage occurs at a “threshold” Zn concentration of
about 67 at.% in the crystal [1]. The crystals under study
were doped with 4 and 7.5 at.% Zn (designated below as
LN-4Zn and LN-7.5Zn, respectively), thus below and
above the photorefractive threshold. The samples were
optically polished Y-cut plates of 1 mm thickness. Domain
recording was performed in a JSM-840A SEM by an
electron beam incident normally onto the Y-surface. The
opposite side of the crystals was covered by a grounded Al
layer. The experiments were carried out at a beam energy
of Uy = 25keV, and currents of / = 0.1 or 1 nA. The
apparatus was equipped with the NanoMaker program
which allowed us to control both the electron beam when
scanning over the surface and the irradiation dose D = It;,/
Sir» Where [ is the current, f;,, is the exposure time, and S;,,
is the area of local irradiation. A set of individual domains
was produced via local irradiations of the Y-surface by
discrete displacements of the beam along the Z- or X-
direction. The recording was performed for three areas of
the local irradiation S;, = 0.5, 1 and 4 umz; the exposure
time was varied in the range from 30 to 1040 ms. In Sect.
3.2 we describe in detail the fabrication of the domain
gratings by this technique.

The produced domains and domain gratings were visu-
alized by selective chemical etching of the samples in a
boiling solution of the HF + 2HNOj acids during 60 s. As
known [11, 12], the negative Y-surface of LiNbO3 chemi-
cally etches much faster than the positive one. Thus,
selective etching reveals the domains recorded on the
—Y and +7Y surfaces as long triangular hillocks and grooves,
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respectively. All the results presented below were obtained
on the —Y surfaces. The height of the etched hillocks was
evaluated using a Zeiss Axioplan 2 interference optical
microscope [9]. These results were supported by several
AFM measurements.

3 Experimental results and discussion
3.1 The formation of individual (single) domains

The data of [8, 9] have revealed the following scenario of
the domain evolution: Local irradiation of the Y-faces of
LiNbOj; and LiTaOj crystals leads to formation of a single
domain which is growing from the irradiated spot along the
polar axis Z parallel to the sample surface. Domain growth
always occurs in the +Z direction. The results obtained
in the present work are consistent with this scenario.
Figure la and b exemplifies micrographs of etched

Fig. 1 The micrographs of the etched domains fabricated on negative
Y-surfaces in LiNbO; (a) and LiNbO3-4 %Zn (b); the arrows show
the irradiation points. The experimental conditions were
Up=25keV,I=0.1nA, S, =1 umz, tir = 200 ms. The domains
are oriented along the Z-axis
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individual domains produced by local irradiation of the
negative Y-cuts in CLN and LN-4Zn crystals (I = 0.1 nA,
§=05 umz, tir = 200 ms). As seen, in LN-4Zn the
domains are narrowed towards the irradiation area, whereas
in CLN a gradual domain narrowing seems to occur at the
final growth stage.

The characteristics of domain recording in LN-4Zn and
CLN are qualitatively similar and discussed together. The
process in the optical-damage resistant LN-7.5Zn is qual-
itatively different and will be described separately.

To record domains in LN-4Zn and CLN crystals, we
used a beam voltage and current of Uy = 25kV,
I = 0.1 nA, respectively. For these exposure conditions,
the minimum irradiation times required for revealing
domains are #,; & 40-50 ms which correspond to an
implanted charge of Q ~ 4-5 pC, i.e. to irradiation doses
of D ~ 0/S;, = (1-10) C/m? for the used range of local
irradiation areas.

Figure 2 and the inset depict the exposure dependencies
of /3 on f,. As seen, the domain length /; grows with #;,
with no trend towards saturation. The experimental points
in Fig. 2 were obtained at S, = 4 um® up to longest
exposure times #;;; = 1400 ms. In the inset we show the
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Fig. 2 The dependencies of the domain length on the irradiation time
in LiNbO; and LiNbO3-4 %Zn crystals at the local irradiation area
S=4 umzz The inset shows the data obtained for varied irradiation
areas in the range of short irradiation times; the squares, circles and
triangles correspond to S = 0.5, 1 and 4 pmz, respectively, the open
and solid symbols correspond to CLN and LN-4Zn, respectively. The
solid lines represent the fit of the experimental points by the linear
functions y = a + bx; the values are given in the text

data obtained at varied irradiation areas S;, = 0.5, 1 and
4 pm?. The solid lines show the linear approximation of the
experimental data. In the inset the solid lines present the
linear approximation over all experimental points at varied
Sirr- The plots /4(#;;) in both crystals are well approximated
by two linear functions y = a + bx with a salient point at
about #;,; & 200-300 ms. Below the salient point b = 0.22
and 0.33 in CLN and LN-4Zn, respectively; above the
salient point » = 0.1 and 0.14 in CLN and LN-4Zn,
respectively. So, in the whole exposure range the achieved
domain lengths in LN-4Zn are by a factor of about 1.5
larger than in CLN at equal exposure conditions. As can be
seen from the inset, the dependencies [y(f;;) in a certain
crystal obtained with varied irradiation areas are well fitted
by a single linear function (solid lines in the inset), i.e.
l4(t;y) 1s practically not affected by Sj.,. In other words, at a
constant beam current the length of a growing domain is
governed by the irradiation time rather than by the
implanted charge Q = D Sj,; as could be expected.

The domain width along the X-axis is within 5-6 pm
and almost independent of S, and f;,. The height of the
domain hillocks, corresponding to the domain thickness
along the Y-direction is of about 4-5 pm both in CLN and
LN-4Zn. So, in accordance with the previous results in
LiNbOj; [9], the domain evolution in this peculiar situation
occurs predominantly by the frontal (transit) growth along
the polar direction in a thin surface layer, whereas the
lateral domain-wall motion is negligible.

In order to discuss these results in terms of ferroelectric
switching, let us describe very briefly the formation of
space-charge fields in a crystal irradiated by an electron
beam. A detailed review of this situation is beyond the aim
of the present work, therefore our considerations are based
on recent reviews and original papers [13—-16]. When the
surface of an insulator crystal is bombarded by an electron
beam using the spot mode of an SEM, the region of the
space charge Q,. formed by the trapped electrons can be
represented as a truncated sphere. Its radius is determined
by the penetration depth R, of the primary electrons, which
in turn depends on the electron energy U, and the prop-
erties of the crystal. The equilibrium value of R, can be
described by a generalized power function.

k
R, =AUy, (1)

where p is the crystal density, the exponent k = 1.7
[17, 18] and 2 [19], and a dimensionless coefficient
A = 45.7[17], 78.9 [18] and 25 [19]. Taking into account
p =465 and 4.73 g/lem® for CLN and LN-4Zn,
respectively, the evaluation for U, = 25 keV gives an
average R, = (2—4) pm. This estimate is very close to the
value calculated in [4]. The space-charge field E,. may be
approximated by the field of a point charge located at a depth
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a = R,/2 beneath the surface. For a semi-infinite insulator a
simplified expression for the distribution of the field
component directed along the polar Z axis can be expressed as:

1

3/2 +I"—2 (2)

= r
Amy/ecto {r2+(2"/ \E)z]

where Q. is the space charge, r is the distance from the
irradiation area along the polar direction, and ¢, and &, = ¢,
are the dielectric permittivities. The kinetics of Qg is a
complicated process depending on a whole set of the
interrelated processes, such as the trapping and
backscattering of the primary electrons, the emission of
the secondary electrons, the radiation-induced increasing of
the conductivity, etc. The available models of the electron-
beam charging of insulators lead to the following
generalized expression for the kinetics of the space-
charge [13, 15, 16] for given U, and [

Ose(t) = Q:?[l — exp(—1/Tefr)] 3)

The effective time constant 7. describes the time required
for trapping and detrapping process to reach equilibrium.
This is an empirical parameter dictated both by the irradiation
conditions and properties of the irradiated material,
particularly by the radiation-induced conductivity. All other
conditions being equal, T & 1/U,. The complexity of the
problem rules out the possibility of any reliable calculations
of 7. Regardless of the models used, a wealth of
experimental data cited, e.g. in [13, 15] indicates that for
the beam energies in the range (10-30) keV the time . in
the high-resistance insulators to which LiNbO; belongs
(p = 10'"-10" Ohm m), is as large as hundreds of
milliseconds and even larger.

On this basis, one may suggest that the salient point
observed in the plots /4(#,;) at certain #,,” = 200-300 ms
(Fig. 2) corresponds to the occurrence of the dynamic charge
equilibrium. This means that at #;,, > #;;,” X Tt the charge
Q.. reaches a saturation quasi-steady value and for further
increasing of f;, the field E;. ~ const. The validity of this
assumption is supported by the shape of /4(#;,,) plots. Actu-
ally, at f;; > t;;’ the domain length is a linear function of #,
(Fig. 2), i.e. the average velocity of the frontal (transit)
domain motion v, = d/4/dt = const. Since the velocity of
the domain motion regardless of the switching mechanism
depends on the field [20, 21], the constancy of v, with
increasing t;,, argues unambiguously of a constant field.

We remind again that in our case the domain motion
occurs dominantly by frontal growth. According to the
classical model of the ferroelectric switching [20, 21],
frontal domain growth through the bulk of the crystal fol-
lows a law analogous to a viscous friction,
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vy = KE~ uE (4)

where E is the external field and p is the domain-wall
mobility. In the law (4), the domain length under a constant
field is proportional to the time of the field applying,
lq = vy t. Therefore, the linear plots /4(#;,;) (Fig. 2) indicate
that the observed motion of a planar domain within a thin
layer occurs via this mechanism (4).

Let us make some quantitative estimates of the fields
controlling the domain growth. The domain motion ceases
when the field in the vicinity of the “head” of a growing
domain falls down below certain Ejg,. The value of Eg, is
determined by the spatial distribution E(r) given by Eq. (2).
We estimated the fields Eg, by means of substituting into
Eq. (2) the values r = I; taken from the plots /4(t;,) of
Fig. 2 (e, =29; ¢, =¢, =84, a= 3 pm, see above).
Figure 3 presents the dependencies Eg, (%) calculated for
tir > tire - As seen, within this range of the exposure times
the field Eg, =~ const. This result is expected assuming E.
not to change for #,, > t;;;”. The averaged values of Ej, for
LN and LN-4Zn are 4.3 10° and 2.8 10° V/m, respectively.

To verify these estimations, we evaluated the fields by an
alternative method proposed in [3]. In order to characterize
the electron-beam recording of domains on the Z-cuts of
LiNbOs;, the authors of [3] evaluated the fields on the basis of
the exposure doses D. As mentioned above, in our case the
domains appear at D ~ (1-10) C/m>. The calculations
taking into account the total electron emission yield
g =~ 0.5-0.6 [22] give for these doses the field £y ~ 10%
V/m in the immediate vicinity of the irradiation area. For
these D corresponding to f, ~ 40-50 ms, the domain
lengths are I3 = 20-25 pm (Fig. 2). As the field decreases
approximately by ~ 1//%, so 20-25 pm away from the
irradiation area the field E4 decreases to E ~ 10° V/m. This
value is in a good agreement with Eg, (Fig. 3) and supports
the validity of the field estimates based on l4(t;,)

?..
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L "
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S 10 © et
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0 400 800 1200
t ,ms
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Fig. 3 The exposure dependencies of the field Eg, corresponding to
the completion of the frontal domain growth at a given irradiation
time (for details see text). The squares and circles correspond to
LiNbO; and LiNbO3-4 %Zn, respectively
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It is reasonable to correlate Eg,, which governs the
completion of the frontal domain growth, to the macro-
scopic coercive fields E. in the same crystals. As known, in
CLN the threshold field of the polarization reversal is
E. = 2.2 10" V/m [1]. Doping LiNbO; with the optical-
damage resistant impurities is accompanied by a gradual
decrease of E. with increasing concentrations [1]. The
strong decrease of E. in LiNbO3-Zn at [Zn] > 5 % [23] in
combination with the detailed measurements of E. in
LiNbO3-Mg [24], permit us to suggest an E. > 1.5 107
V/m for LN-4Zn. So, the fields Ej, corresponding to the
stop of the frontal domain growth in CLN and LN-4Zn (4.8
10° and 1.4 10° V/m, respectively) are noticeably lower
than E. in these crystals. In other words, the domains
continue their frontal motion up to the fields E < E,
(assuming the classical definition of E.).

Although we are aware that our field estimates are very
approximate, nonetheless, a couple of data in the related
publications support this conclusion. Extended surface
domains were fabricated in LiNbOj; by applying high
voltages to a needle-like electrode contacting the Y-face
[25-27]. Our estimates of the results reported in [25-27]
have found that frontal domain growth occurred under
E < < E.. The frontal domain motion under E < < E_ was
detected when recording domains in a high-voltage AFM
(HVAFM) on the LiNbO; polar cuts [28, 29]. The common
feature in all these cases is a high field strength in the
vicinity of the point of the domain nucleation, namely,
E4 ~ 10® V/m in our case and in [25-27] and E ~ 10°
V/m [28, 29]. According to the model proposed for ferro-
electric switching using HVAFM [29], the energy ¢ of the
domain nucleation under conditions of strong local fields is
very low. As a result, the rate of the switching process is
governed by the domain-wall motion rather than by the
domain nucleation in contrast to the classical model
[20, 21]. The domain motion in fields £ < E. deduced from
the I4(#;;;) curves in our case, indicates that the switching
mechanism under electron-beam irradiation differs quali-
tatively from the usual scenario.

The velocity of the frontal domain growth in LN-4Zn is
noticeably higher than in CLN (Fig. 2). Similar increase of
the velocity of the lateral domain-wall motion was
observed in LiNbO3-5.5 %Mg as compared with CLN
[30]. According to the current model of the defect structure
of LiNbO; [1], the effects of optical-damage resistant
impurities on the properties of LiNbO; are qualitatively
associated with decreasing content of the intrinsic defect
Nby;. In terms of this model, a higher v, in LN-4Zn is
caused by a decreased number of Nb-antisites serving as
pinning centers for the domain walls.

We now shortly present e-beam domain recording in the
heavily-doped crystal LN-7.5Zn. Unfortunately, a high
nonuniformity of these samples did not permit us to obtain

reproducible curves [4(#;;). The main dissimilarity as
compared to CLN and LN-4Zn is that in LN-7.5Zn a much
higher implanted charge is required to initiate the domain
formation process. Under the same irradiation conditions as
used before (Uy=25kV, I=0.1 nA) no domains
appeared in LN-7.5Zn up to #;;, = 1000 ms. Recording was
achieved through a rise of current to / = 1 nA. Using the
exposure times in the range of #,, = 200-600 ms and
irradiation areas of S =2 x 2,4 x 4,and 5 x 5 umz, we
succeeded in producing rather long domains of up to
600 pm in length. The implanted charge of Q =
300-500 pC triggering the domain appearance in LN-
7.5Zn is by two orders of magnitude higher than in CLN
and LN-4Zn. The most probable reason for this is an
increased dark conductivity in LN-7.5Zn, which leads
to increasing leakage currents during e-beam irradiation
[13-16].

3.2 Planar domain gratings recorded in LiNbO3-4 %Zn
crystals

The fabrication of domain gratings in LN-4Zn was per-
formed with the aid of the experimental setup identical to
one used in [8, 9] (Fig. 4).

A domain grating is fabricated by means of the point-
to-point displacement of an e-beam along the Z- and
X- directions with the specified distances L and A,
respectively, between the points (Fig. 4).

The recording of a grating in LN-4Zn is illustrated by
Fig. 5. This grating was recorded using the following
experimental conditions: Uy = 25 keV, I = 0.1 nA, the
local irradiation areas S = 1 pmz, the local irradiation time
tir = 150 ms, L = 15 um, and 4 = 8 pm. In the course of
sequential local irradiations along the +Z-direction, the
domains nucleated in neighboring points separated by the
distance L are merging together (Fig. 5a), which leads to
formation of a quasi-linear extended domain. The
sequential displacements of local irradiations along the X-
direction produce a domain grating with the spatial period
A. In the early stage of the process the grating is rather

e-heam

K

X

Yy
Fig. 4 The scheme of the e-beam recording on the Y-surface. L and

A are the distances between the irradiation points along the Z- and
X-axes, respectively
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Fig. 5 Recording of a domain grating in LiNbO3-4 %Zn. a the initial
stage: domains nucleated in neighboring points tend to merge; b the
final stage: the number of rows of irradiated points aligned parallel to
the X-axis exceeds 10, the grating becomes regular. The exposure
conditions were Uy = 25 keV, I = 0.1 nA, S;, = 1 umz, in all points
tir = 200 ms; L = 20 pm, A = 8 pm

disturbed (Fig. 5a). It gradually improves with increasing
number of the rows of irradiated points parallel to the
X-axis (Fig. 5 b).

In the following we discuss the fields responsible for the
formation of a domain grating. A point-to-point electron
charging of the surface of an insulator generates a set of
point space charges Q.. Owing to an extremely low con-
ductivity of LINbO3 ¢ = 107 *-107' Ohm™' m~"' [1], the
dielectric relaxation time Ty = ggo/c > 10*-10° s. As the
total recording time of a grating with linear dimensions,
say, 500 x 500 pm? is of about .. &~ 250 s, consequently
Ty > > tee €ven taking into account a radiation-induced
increase of the conductivity. It is reasonable to assume that
in the course of recording a grating, the charges Q. persist
in all points without decaying, so that the grating is pro-
duced by the total field of point charges E= > E;,
where E; is the space-charge field in every irradiation point,
and n is the number of points.
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To verify this statement, we investigated domain arrays
generated by spaced single rows of point charges Q. aligned
parallel to the X-axis. A single row of Q. was produced by a
point-to-point e-beam displacement along the X-axis with a
fixed distance A between the points. As a result, the domains
nucleating at every point of the row are growing along the
+Z direction forming a comb-shaped grating with the period
A and a length /y. In the center part of the “comb”, I is
slightly larger than along the edges. Two domain gratings
were fabricated by means of recording two spaced rows of
Qs with A4 = 10and 30 um; the number of irradiation points
in each row was n = 20. Figure 6 presents the dependencies
of the averaged domain lengths /4 in these gratings on the
local irradiation time #;,, One may see a noticeable increase of
g with the decrease of A.

The strength of the field E, at a distance /4 from a row of
point charges Q.. aligned parallel to the X-axis can be
presented by a simplified expression:

Qscld & 1
= i = 5
E=YE zngo\/@; [1(21 R (n,-A)Z] 32 (5)

where n and A are, respectively, the number of points and
the distance between them. We evaluated the fields E given
by two charged rows with 4 = 10 and 30 pm by substi-
tuting into Eq. (5) the averaged values /3 = 300 and 90 pm
achieved in these gratings at f;, = 300 ms (Fig. 6). This
evaluation gives E = 5.4 10° and 2 10° V/m for A4 = 10
and 30 pm, respectively. The plot l4(t;,) for A = 30 pm
(Fig. 6) is very close to that obtained for the individual
domains (Fig. 2). A good agreement of the simplified
calculations of the fields generated by single rows of point
charges with the experimental data (Fig. 6) suggests the
addition of space-charge fields. In a real situation (Fig. 5),
a domain grating is produced by a set of charged rows
spaced at an interval L along the Z-axis. The expression for

A=10um

lppm

t ,ms

r
Fig. 6 The exposure dependencies of the averaged /4 in two domain
gratings generated by two single rows of the irradiation points. The
rows were aligned parallel to the X-axis; the distances between the
irradiation points were 10 and 30 pm, in any point #, = 300 ms
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the field E = Y7, E; becomes very cumbersome. Due to
the additive effect of “point” fields, the local irradiation
times #, & 100-150 ms required for fabrication of a
grating 500 x 500 pm? in size, are appreciably lower than
t;rr required for recording individual domains of the same
length (Fig. 2). Or, in other words, at equal L and #;,, the
smaller the period, the more extended the grating. Inter-
estingly, the length of the domains freely growing from the
last row of charges reaches sometimes /3 ~ 500-600 pm,
which is due to the fact that the total field approaches its
maximum towards the last row.

4 Conclusions

We investigated the formation of “individual” (single)
domains under electron beam irradiation of the nonpolar
Y-surfaces of pure and Zn-doped LiNbOj crystals. Under a
local irradiation of the Y-surface, a domain arises at the
irradiation point due to the formation of a space-charge
field E . induced by the electron beam. The domain is
growing frontally along the +Z direction within the surface
layer of several microns in thickness. The domain length /4
grows with the irradiation time #,, with no tend to satura-
tion, whereas the domain width is practically independent
of t;,. The obtained dependencies I4(;,) are discussed in
the framework of the current approach to the e-beam
charging of insulators. It is suggested that a salient point in
the plots l4(#,) at certain irradiation time corresponds to
the occurrence of the dynamic charge equilibrium. Con-
sequently, the field reaches a quasi-steady state E;. = const
resulting in a constant velocity of the frontal domain
growth, v, = const, which accounts for the linearity of
ly(tirr). We thus conclude that frontal domain growth
occurring in a thin surface layer, proceeds by the mecha-
nism of viscous friction. The evaluation of the fields based
both on the /y(#;;) curves and the irradiation doses permit
us to assume that the frontal domain growth happens up to
the fields E < E. The velocity of the domain growth in
LiNbO3-Zn exceeds v, in CLN, which in terms of the
model of LiNbOj; defect structure may be attributed to a
decreased number of Nby; defects serving as pinning cen-
ters for the domain motion.

In LiNbO3-4 %Zn crystals planar domain gratings with
a period of about 8 um were fabricated by means of a
point-to-point displacement of the e-beam along the Z- and
X-directions with specified distances between the irradia-
tion points. It is shown that the grating is recorded in a total
field of point charges E= > E;, where E, is the space-
charge field in an irradiation point and 7 is the number of
points. This provides a possibility of producing extended
domain arrays with the use of local irradiation times

significantly shorter than those required for recording
individual domains of the same length.
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