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Characteristics of surface photorefractive waves
in a nonlinear SBN-75 crystal coated with a metal film

D.Kh. Nurligareev, B.A. Usievich, V.A. Sychugov, L.I. Ivleva

Abstract. Based on the calculation of the electrostatic field potential
of space charges, we have analysed the characteristic features of
light-induced scattering of extraordinary polarised light in photore-
fractive (PR) crystals (for example, an SBN-75 crystal). Using the
method of images, the electrostatic field is analysed for surface (ape-
riodic) waves along the crystal—dielectric (air) interface. It is shown
that the field distributions satisfying the boundary conditions can
emerge only upon accumulation of a screening electric charge in a
narrow transition layer of thickness ~1 um, the sign of the charge
being opposite that of the space charge in the illuminated region of
the crystal. A model is proposed to explain the observed features of
the surface PR waves in a metal-film coated PR crystal. In consider-
ing the contact potential difference at the PR crystal—film interface
it is shown that in the crystal layer (adjacent to the film) enriched
with charge carriers, i.e., electrons, the refractive index can be sig-
nificantly reduced. In the case of small excitation angles (0 — 1.5°),
this layer can act as an optical barrier, the reflection from which can
result in near-surface waves; a characteristic difference from the pre-
viously observed oscillatory surface waves is the presence of a broad-
ened intensity distribution shifted inside the crystal.

Keywords: photorefractive crystal, nonlinear surface waves.

1. Introduction

At present, intensive studies of nonlinear surface waves which
started in the late twentieth century are being continued
[1-3]. The most attractive feature of a photorefractive (PR)
surface wave is the concentration of the energy of a light beam
in a narrow surface layer, which can significantly increase the
performance of PR devices, the fabrication of which does not
require producing a waveguide structure in advance. When a
PR surface wave is excited, one can expect an extraordinary
enhancement of nonlinear optical effects, such as lumines-
cence of molecules adsorbed on the crystal surface, Raman
scattering, optical second harmonic generation, etc.

In papers [4, 5] we have shown experimentally that non-
linear surface waves can be excited not only at the crystal
(SBN-75) — air interface, but also in the case when the active
surface of the crystal is coated with an electrode, such as a
layer of aquadag or silver. This opens up the possibility of
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investigating the new properties of the surface wave, which
appear upon application of an external electric field to the
crystal. Nevertheless, many important practical issues still
remain to be clarified, in particular the mechanism of forma-
tion of a nonlinear PR wave with an aperiodic intensity pro-
file, excited at the boundary of a metal-coated crystal.

The aim of the present work is an attempt to analyse the
features of PR waves in a nonlinear SBN-75 crystal, which is
adjacent to a dielectric (air) or coated with a metal film. We
have shown that the material properties of the medium, which
borders the crystal, can significantly affect the photoinduced
scattering and field profile of the nonlinear waves excited at
grazing incidence of the focused extraordinary polarised light
beam from a 0.44-um He-Cd laser. Based on the results
obtained, we have proposed a model that describes the fea-
tures of the PR surface waves in a metal-film coated SBN-75
crystal.

2. Electrostatic field of the space charges
in propagation of a narrow light beam
in a PR crystal

Let the polar axis of the crystal, ¢, unlimited in the plane xy,
be oriented along the x axis, an extraordinary polarised (TM)
light beam be distributed along the z axis and its intensity /(x)
be independent of the coordinate y. It is known that as a
result of photoexcitation and spatial redistribution of charge
carriers, i.e., electrons, nonuniform illumination of the PR
crystal leads to the formation of space charge regions in the
crystal. Within the zone transfer model, formulas for calculat-
ing the distributions of the space-charge density p(x) and field
E.(x) in the steady state in a crystal with a partially compen-
sated donor level and one type of carriers are presented in [6].

The space-charge field can also be expressed as the gradi-
ent of the electrostatic potential ¢(x):

Ey(x) =—dp(x)/dx. 1)

By introducing the notation ¢ = kgT/e (T is the crystal tem-
perature, and e is the elementary charge) and assuming ¢(co)
=0, we write

P(x) = pgln[1 + 1(x) /1], 2

where I is the dark illumination intensity. According to (2), a
potential profile ¢(x) corresponds to the given distribution
I(x) in an unlimited PR crystal. Conversely, for the given dis-
tribution ¢(x) the condition of the stationary distribution of
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electrical charges in the crystal is given by the intensity profile
of the light wave

I(x) = Lyexplp(x)/pp — 1]. 3)
Nonlinear addition An(x) to the unperturbed refractive index
n, of the crystal has the form

An(x) == (112)n3 g Exe(x) , C))
where r. is the effective electro-optic coefficient.

Figure 1 shows the distributions ¢(x), E.(x), p(x) and
An(x), calculated for a Gaussian beam with an intensity
I(x) = Iyexp(—x*/wd) (I, is the intensity on the beam axis,
and wy is the beam radius) at wy= 100 um, the dielectric con-
stant of the crystal ¢ = 2500, r.; = 750 pm V-1, and different
ratios Iy/1y. Extreme values of +E,, and +An,, of E (x) and
An(x) are reached for p(x) = 0 at points x = +x,,, satisfying the
condition

I(xm) /g = 2x2/wd — 1. (5)
According to the calculations, with increasing ratio 7,/ the
positive charge, concentrated between the points x = *x,,,
noticeably increased, though the maximum concentration of
the charge NJ ~ (1 —2)x 10> em™, which is reached on the
beam axis [p(0) = py, = 2ee(@p/wd) Io/(Iy + 13)], is much less
than the effective concentration of the traps for the studied
SBN crystal (N ~ 101°=10'7 cm™ [7]).

The dependences An(x) in Fig. 1d demonstrates a linear
central and a nonlinear peripheral parts. It can be seen that
the value of An,, increases noticeably with increasing beam
intensity at a fixed background illumination. In this case, the
region of the crystal with a linear dependence An(x) is greatly
extended, and the regions with a nonlinear dependence An(x),
localised in the vicinity of the extrema, are shifted to the
periphery of the beam, where I(x) << [. Distortions of the
wave surfaces of the beam, associated with the nonlinearity of
An(x) in the region of extrema, should manifest themselves in
this case to a lesser degree.

These results are consistent with the results of paper [8],
which analysed the propagation of a Gaussian beam in a pho-
torefractive BaTiO; crystal. In assessing the influence of the
optical inhomogeneities on the propagating beam, Feinberg
[8], selecting the central part of the linear profile An(x), noted
that the region of the crystal, corresponding to the central
part of the beam, works as a prism, which rotates the beam.
According to the calculations [8], when the intensity maxi-
mum is shifted from the beam axis in the direction which is
opposite to the axis of the beam direction, there appear a dip
in the intensity distribution and a second maximum. A similar
situation was observed in our experiments when the SBN-75
crystal was exposed to the Gaussian light beam for a short
time (~1 s) [5]. We assume that for the part of the beam cor-
responding to the region of positive An(x), the propagation
regime is realised, which is similar to the propagation of soli-
tons in an SBN crystal in the presence of an external field [9].
Spatial solitons are usually observed in PR crystals with an

oIV L 3

0.12

0.08

0.04

x/wg

p/lCm> |

-0.2

0.4}

~08 F

-1 0 1 2 x/wg

E /Vm!| 3 b

500 - 2

—-500

71000 1 1 1 1 1 1 1

Anf107° | 3

-1 0 1 2 x/wg

Figure 1. Calculated distributions ¢(x) (a), Ey(x) (b), p(x) (c) and An(x) (d) for wy =100 um, & = 2500, ro;z = 750 pm V' at Iy/Iy=¢ (1), 3¢*(2) and
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applied external electric field, when the drift mechanism of
nonlinearity dominates and a photoinduced waveguide is
formed due to the screening of the field. As noted in [10], inco-
herent illumination of the sample, reducing the nonlinear
response, makes it possible (apart from the applied external
field) to influence the propagation of the spatial soliton.

In our case, when the ratio /I, is varied, the propagation
of a light wave can be controlled by changing the diffusion
potential ¢(x) of the internal field E.(x) of space charges with
the density p(x). At a relatively high intensity /;, the stimu-
lated scattering effect is predominant, and the scattering and
localised propagation effects equally correspond to the aver-
age values of 1y < /. Apparently, we realised this regime in [4, 5]
at a wavelength 4 = 0.44 um and a beam power of ~1 mW.
According to our calculations, for the Gaussian pump beam
parameters wy = 100 um and I,/I§ = e or 3¢ the waveguide
channel, which is formed in the illuminated region of the
crystal, can support two (three) local normal modes, respec-
tively [11], and the transfer efficiency of the pump beam
power into the waveguide modes varies with changing the
ratio Iy/1y.

For the other part of the beam, the crystal region, where
An(x) <0, can be considered as a diffuser. In the case of inter-
ference of light beams, which occur on regular optical inho-
mogeneities induced by the pump beam, refractive index grat-
ings are formed. These gratings diffract scattered waves in a
positive and in a negative direction of the axis x. In the first
case, scattered light is attenuated, and in the second case,
scattered light is amplified. This mechanism of light-induced
scattering was described in [12]. As a seed mechanism of this
effect, the authors found that the light scattering is due to the
crystal defects. A careful analysis shows also the role of regu-
lar inhomogeneities generated by the pump beam.

If Iy/I; >> 1, the beam self-bending effect is most clearly
manifested, which was discussed, for example, in papers
[13-17].

3. Surface waves at the interface
between a PR crystal and a dielectric

Let the polar axis of the crystal be oriented along the axis x.
We consider the propagation of extraordinary polarised (TM)
light along the axis z, which is directed along the PR crys-
tal — dielectric (air) interface located in the plane x = 0
(Fig. 2a). The stationary solution for the field distribution of
the surface wave H(x,z) = A(x)exp(—ifz) in the absence of
an applied external field, when the diffusion mechanism of
nonlinearity dominates, can be obtained from the equation [2]

A*(x)  dA(x)

d’4(x)
2
TV () + A7 dx

e +k2A(x)=0, (6)

where y = kiningpp: k, = (kin? —B*)"?; Ay is the effective
amplitude of dark illumination (|A4]* ~ Iy); ko = 2r/Ay; and A,
is the wavelength of light in vacuum. Equation (6) is an oscil-
lation equation with a nonlinear damping coefficient
I'(x) = yA*(x)/[A*(x) + A3]. The coefficient k, determines
the spatial oscillation frequency K(x) of the amplitude A(x)
along the x axis:

K(x) = {kT =y A4 (x) 1A% (x) + A", (7)

At A3 (x) < Ag, I'(x)~ 0 and equation (6) transforms into the
equation of harmonic oscillations. In the case of 4%(x) >> Ai,

Air

Photorefractive crystal

Metal

Region with a low refractiy index

Photorefractive crystal

Figure 2. Scheme of excitation and propagation of a surface wave at
the interface between a PR crystal and air (a) or metal (b).

I'(x) ~ y and equation (6) is generally regarded as a linear
oscillation equation with a constant damping coefficient. For
example, Garcia Quirino et al. [1] present the solution that is
obtained by neglecting the dark illumination and describes
the surface waves, for which the spatial frequency is indepen-
dent of x [K(x) = const]. In this approximation and at y° < k3,
the distribution A(x) has the form of the interference pattern,
which is formed by inhomogeneous light beams incident on
and reflected from the surface. This wave has a characteristic
oscillation period of the field A = 2n/K and penetrates into
the PR crystal to a depth d = 1/y.

The surface wave propagation constant j is related to the
angle of incidence 6 on the interface of the exciting light by
the expression

ﬁ = k()ﬂz sinf. (8)

This case corresponds to the angles 6 < arccos[y/(k¢n,)] and
was discussed previously in [4]. The surface wave with an
oscillating amplitude profile was observed at an oblique inci-
dence of the focused light beam on the polished face of the
crystal. The angle of incidence « related to the angle 0 by the
expression sina = n,cos@ satisfied the condition a > oy [where
ao = arcsin(ylky)].

Let us consider in detail the case y > k1. By neglecting
the dark illumination, the amplitude profile in the crystal (at
x > 0) is aperiodic [1, 4]:

A(x) = exp(—yx)[Ciexp(Kx) + Crexp(—KXx)],
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K= —kD)". )
In a dielectric (at x < 0), the amplitude of the surface wave has
the form

U(x) = Upexp(yax), ya = (B> —kini)", (10)
where n; is the refractive index of the dielectric. From the con-

dition of continuity of the tangential components of the fields
at the PR crystal — dielectric interface, we obtain the equalities

1 0U(x) 1 04(x)
U, _y= A |y ng Ox |, n} ox

(1T)

x=0
Taking into account (11) we derive from (10) and (9)
C=Ud+a)2, Co=U1 -2, a=n3ys+y)/K. (12)

A surface wave with a nonoscillating amplitude profile
can be observed only at very low grazing angles of the beam
that excites this wave. Therefore, the angle of incidence «
should be very small: a < .

Figure 3a shows the profile A(x) calculated by formulas
(10)=(12) for A4 =0,y =0.125um™", kg = 14.28 um™', n; = 1,
n, = 2.36, ay ~ 0.5° at different angles of . When x = x, =
[1/2K)]In[(y + K)(a— D/(y — K)(a + 1)], the field amplitude of
the wave has a maximum A(x,,) = 4,,, a much larger than the
field amplitude 4(0) = U, on the surface x = 0, and when x — oo,
the amplitude 4(x) - 0. It can be seen that the full width of
the wave field distribution, determined by the half-amplitude,

varies with the angle «, and this must be taken into account
when optimising the surface wave excitation conditions.

When A4 # 0, equation (6) is solved numerically. Figure 3b
shows the profile A(x) calculated for the case o = 0.25° at differ-
ent ratios A,,/A4. The amplitude distribution is described by an
aperiodic function only in a limited range x; < x < x,, when the
condition A(x) > A4 is fulfilled [where A(x;) = A(x,) = 44]. In the
region x > x, where A(x) < A4y, there arise the oscillations of the
field amplitude. At low levels of background illumination [Fig.
3b, curve (/)] the distribution of the wave field amplitude in a
wide range of values of the coordinate x is almost identical to the
distribution in Fig. 3a [curve (2)] obtained without the dark illu-
mination. For curve (2), this range is much narrower, and for
curve (3) (high intensity of background illumination), the oscil-
lations of the wave field amplitude occur throughout the illumi-
nated region of the crystal.

At a relatively low level of background illumination [/(x)
oc |A(x)|> > I4 o< |44%], when the wave is assumed aperiodic,
using (10) — (12), for a given angle of incidence 6 we can deter-
mine the distribution of the surface wave amplitude, and then
after substituting it in (2) we obtain the expression for the
electrostatic potential

9(x) = pgIn[1 + 4°(x)/43] = gln[1 + (Up/Aa)®

x (cosh Kx + asinh Kx)?exp(—2yx)]. (13)

The distributions E,(x) and p(x) in this case can be presented
in the form:
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Figure 3. Profiles A(x) of the surface wave at the PR crystal — air interface, calculated for 44=0,y=0.125um™, kg = 1428 um™', n, = 1, n, = 2.36,
ay~0.5° ata=0.4°(1),0.25°(2)and 0.125° (3) (a)and for @ =0.25° mpu A,,,/44 =14 (1),4 (2) and 1 (2) (b), and the profiles ¢(x), corresponding
to the wave whose amplitude profiles A(x) are shown in Fig. 3b (c), and the profile E,(x), calculated at A,,/44 = 4 (d).
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2ppA(x) dA(x)

B == 1 47 dx
- _ p.a+tanh Kx
- 2<p3<)/ g atanth)’ (14

Ax)  dPA(x) A’(x)—A4d
A(x)+ A7 dx? [A%x) + A3

p() 2—2880%3{

d4(x)1A] _ (1 — tanh*Kx) K* 2
X[ dx ] }N 2eeopn (1 + atanh Kx)? (@=D. a5

When X = xyn = [VQ2K)]In[(y + K)(a — )/(a + 1) x
(y — K)], the field amplitude of the wave has a maximum
A(xy,) = Ay, and the electrostatic field Eg(x,,) = 0. In the range
X < X (X > xp), the field Eq.(xy,) < 0 (Ey(x) > 0). According to
(15) when the condition @ — 1 > 0 is fulfilled, we have p(x) >
0, and in the region x > 0 the positive charge ¢; is concen-
trated. We assume below that the boundary of the crystal is
nontransparent for the electric charge and the crystal is elec-
trically neutral. As a result, near the crystal surface in a layer
of thickness of the order of the Debye screening [7]

_ 21 Eé'okB T
s =5 N (16)
an electric charge ¢, ~ —¢¢ must accumulate. In this case,
within the Debye screening layer the coordinate dependences
E.(x) and An(x) will be different from the distribution
obtained with the help of formulas (14) and (4). Obviously,
solution (9) of equation (6), written without the effects associ-
ated with the accumulation of the screening charge, is valid
only in the region of the crystal, located outside of this layer.

In cases where the wave cannot be regarded as strictly
aperiodic, the distributions ¢(x) and E.(x) can only be found
numerically. Figure 3c presents the profiles ¢(x), correspond-
ing to a wave whose amplitude profile A(x) is shown in
Fig. 3b. One can see that the electric potential is comparable
to the potential resulting from the propagation of the
Gaussian beam inside the crystal, and its maximum value
(~0.135, 0.075 and 0.02) depends on the value of 4,,,/44.

Figure 3d shows the profile E,(x) calculated at A,,/44=4.
The numerical values of the modulus E(x) are maximal in
the vicinity of the crystal surface, in a relatively narrow layer
of thickness of about 10 um. In this layer, the nonlinear addi-
tion to the refractive index An(x) is positive according to (4),
and we can consider it as a waveguide layer. In a slightly
deeper layer (buffer) of thickness 50 — 100 um, the value of
E,(x) changes slowly and the corresponding value of An(x) is
negative. In the crystal region, located deeper than the buffer
layer, the dependences E(x) and An(x) have the form of
quasi-periodic oscillations. This region of the crystal can be
considered as the refractive index grating.

A nonlinear PR wave propagating along the surface of the
PR crystal and linear dielectric can be considered as a Bragg
waveguide mode [5]. This mode is formed due to total internal
reflection of light at the interface of the PR crystal with a lin-
ear dielectric and due to Bragg reflection from the reflective
index grating with layers arranged parallel to the interface in
the PR crystal. It should be emphasised that at very low inci-
dence angles (a < a;) of the exciting beam on the input end of
the crystal, the refractive index grating is formed by light only
in those regions of the crystal, in which the intensity of the

light wave is small compared to the intensity of the dark illu-
mination.

4. Nonlinear PR wave in the metal-film coated
crystal

Before considering the propagation of light near the PR crys-
tal — metal interface, we will study some features of the
metal —dielectric (semiconductor) contact. It is known that
when the dielectric (semiconductor) has a contact with a
metal, there appear potential barriers in the boundary layers,
and the carrier concentration inside these layers may vary
greatly compared with the values inside the crystal.

We consider the crystal to be an n-type semiconductor, in
which all quantities depend only on the coordinate x along
the normal to the contact plane. We will measure the poten-
tial ¢p(x) from its value in the contact plane (at x = 0, see
Fig. 2b). Then, when an external voltage u is applied, the
boundary conditions have the form

¢(0) =0, N(0) = Ne, (o) = uc,
7)
Ue = U + U, N(OO) = No,

where u is the contact difference of the potentials in the case
u = 0; Ny is the concentration of electrons in the bulk of the
crystal; and N, is the boundary concentration of electrons. In
the absence of the current, N, is given by the characteristic of
the contact:

N, = Noexp(—u.lpp). (18)
The electron concentration obeys the Boltzmann law
N(x) = Neexplo(x)/pp]. 19)

In this case the distribution of the potential specifying the dis-
tribution of the electron concentration in the steady state can
be found by solving the equation [18]

e e

= Nofrp| 20—
EEo ©PB

)

Consider the potential distribution in the case of an
enriched contact layer (¢, < 0, and the absolute value is sev-
eral times higher than ¢g). In the vicinity of the space charge
of this layer exp(u/pp) << exp(p/pg) and equation (20) sim-
plifies to

(20)

d’p(x) _ eN; [so(x)
dxz = e—eoexp W . (21)
The solution to equation (21) has the form
@s(x) ==2pgIn(1 + x/ly), Iy = [2eeopp/(eNe)]"2, (22)

where /4 is the characteristic length. The distribution of the
electric field is described by the expression
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Ey(x) = 2¢/(la + x). (23)
According to (23) the maximum of the field E{™ =
Ey(0) = 2py/ly = [2eNopg/(ee0)]" exp[(—u./(2pp)] is reached
on the surface of the crystal.

Away from the contact one can expand the exponent in
(20) in a series, and using only two terms of the expansion,
expression (20) can be written in a simpler form:

d2<p(x) _p(x)—u. 5 _ E€ops
dx? B fo= eNy - (24)

In this case, the potential and the electric field vary exponen-
tially:

Ps(x) = uc[1 — exp(—x/h)], (25)

E(x) == (uc/ly) exp(—xly). (26)

In the PR crystal bordering the metal, the emergence of
the electric field Ey(x) leads to the perturbation of the refrac-
tive index Ang(x). Figure 4 shows the profile Angy(x) obtained
atu,=-0.2V, N,=10'"°cm and g = 0.025 V. The decrease
in the refractive index Ang is most pronounced in the vicinity
of the crystal surface (in the layer of thickness /4 ~ 0.8 um)
and reaches approximately —0.0003. At the same time, the
thickness of the layer, in which a decrease in the refractive
index exceeds 0.000015 in modulus, is much greater than /4
and is equal to about 30 um.
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Figure 4. Profile Any(x), calculated at u, =—0.2 V and N, = 10'® cm™3.

This layer with a low refractive index may under certain
conditions act as an optical barrier to the wave incident from
the depth of the crystal to its surface coated with a metal film.
Chen et al. [19] illustrate the use of an optical barrier to form
an optical waveguide in a BiB;Og crystal. To this end, implan-
tation of He™ ions deep inside the crystal makes it possible to
create a layer with a low refractive index, which provides con-
finement of light in a narrow layer with a relatively high
refractive index.

In our case, the surface wave in the metal-film coated crys-
tal can be formed due to total internal reflection of light from
the optical barrier, if the condition sina < (2Angn,)"? is met.
According to our estimates, at angles of incidence of the excit-
ing beam on the input end of the crystal, & > 2.15°, surface
waves with an oscillating intensity profile should arise, and
when a < 2.15°, subsurface waves appear. The near field wave

Figure 5. Photographs of the output end of the crystal excited by a sur-
face wave. The angle of incidence of the exciting wave is @ = 4° (a) and
0.5° (b).

patterns (Fig. 5) obtained in the experiment at & = 4° and 0.5°
confirm this fact.

5. Conclusions

To analyse the characteristics of photoinduced scattering in
the nonlinear SBN-75 crystal and surface waves excited in its
metal-coated surface, we have introduced the diffusion poten-
tial of the electrostatic field of space charges formed during
the propagation of restricted light beams, and the potential
arising at the PR crystal—metal contact.

Analysis of the electrostatic fields arising during the prop-
agation of an aperiodic surface wave (in the absence of dark
illumination), made on the basis of the method of images, has
shown that when the wave propagates near the crystal surface
bordering the dielectric, the formation of space charges in the
illuminated region of the crystal should be accompanied by
the accumulation of electrical charges of opposite sign in a
narrow surface layer of thickness ~1 um (of the order of the
Debye screening length).

When the wave propagates near the surface of the metal-
film coated crystal, the features observed in the distribution
of the wave field, consisting in the appearance of a broadened
emission band and in the shift of this band inside the crystal,
are explained by the emergence of the layer with a low refrac-
tive index near the surface. We have shown that the thickness
of this layer can greatly exceed 1 um, and, under certain con-
ditions, it can play the role of the optical barrier. The esti-
mates of the angles of the exciting radiation (¢ ~ 0-2.15°), in
which these features manifest themselves most clearly, are in
full agreement with those obtained previously in experiments
(a ~ 0-2°) [5].

Thus, our analysis has shown for the first time that the
properties of the medium bordering the PR crystal can have a
significant impact on the field distribution of the surface
wave.
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Appendix

Using the method of images [20] and introducing the fictitious
charge gp. = q)(e — €)/(e + &) located mirror symmetrically
(with respect to the plane x = 0) to the space charge ¢¢, Ei.(x)
can be written in the form:

Eaﬂ=%+iﬂKM&£—fM&ﬁ+%

2¢ee

= Eo(x) + By 4 15T 00
0 (A1)

qszfp(@dé, qﬁczfmpﬁc(f)dg,

pric(x) = p(=x)(& —&)/(e + &),

where E{ is a constant; ¢ is the dielectric constant of the
medium adjacent to the crystal; and pg.(x) is the fictitious
charge density distribution.

When the surface wave propagates along the boundary x
= 0, the electrostatic field established in the range x > 0 at the
equilibrium of drift and diffusion components of the flux of
the light-excited electric charge carriers must satisfy the con-
dition

_ kg T dln[](x) + 14

Esc(x) = e dx 5

i.e., coincide with the E,(x). This condition can be satisfied
only with the accumulation of the charge —¢; in a thin layer
at the crystal — linear dielectric interface.
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