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Influence of substrate microrelief on the Freedericksz transition in a thin nematic cell
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An effect of substrate surface regular wavy microrelief on the Freedericksz transition in a thin homeotropi-
cally aligned nematic cell near the smeclienematic second-order transition temperature is theoretically
investigated. It is shown that because of the suppression of an interfacial siettitsture, the Fredericksz
critical field for the cell with substrates having a sufficiently sharp microrelief should be significantly lower
than that for the cell of the same thickness, but with perfectly flat substf&£863-651X%99)03805-2

PACS numbg(s): 61.30.Cz, 64.70.Md

I. INTRODUCTION penetrates into the nematic bulk for a distaneép, the
effective thicknes$* of the deformed nematic layer in the
It is known that an interaction between liquid crystiaC) cell would be reduced by ordegg (h* ~h—2¢p). Hence,
molecules and the boundary surfaces, such as a free surfatte Freedericksz transition critical fiettl, , which is directly
and a solid substrate, not only gives rise to changes in oriproportional to 14*, would substantially increase due to the
entational order in the interfacial LC region, but also inducesexistence of an interfacial Sinstructure in the thin nematic
interfacial smectic ordef1,2]. At present, the existence of cell. In fact, an anomalous increase in the critical field
the surface-induced smectic structures in both isotropic anflas been observed in an ultrathin~2.6 wm), homeotro-
nematic LC phases is well established, and these interfaciglically aligned octylcyanobipheny8 CB) cell nearTy,, the
structures are the objects of intensive experimdi¥al/land  nematic—smectié: (N-=SmA) second-order transition tem-
theoretical[8—11] investigation. perature, and such behavior can be ascribed to smectic lay-
One of the most important problems that arises in suclering near the substratgsg].
investigations, is the influence of a solid substrate surface This result suggests how one can check the validity of the
microrelief (roughnesgon the interfacial smectic structures. theoretical predictiofil6,17 of the suppression of the inter-
In fact, only the free surface of the LC can be considered agacial SmA structure in the nematic LONLC) by a regular
a perfectly flat boundary one. In most experimentally realiz-microrelief on the solid substrate surface. It is necessary to
able situations, the solid substrate surface always possessemaasure the Feglericksz critical field in the vicinity of the
certain natural microrelief. In addition, the substrate surfac&econd-order N—S# phase transition in two homeotropi-
microrelief of various shapes can be artificially created, forca||y aligned nematic cells of the same thickndss 2
example, by evaporation of thin films of some oxid&0O, -3 ,m. The first cell should have substrates with perfectly
GeO, eta), [12], or photolitographic techniqugd3—13. In  fjat surfaces, and in the second one the substrate surfaces
Refs.[16,17 it has been shown that the regular substrateshoyid possess a sufficiently sharp regular microrelief. If the
surface microrelief deforms adjacent smectic layers and hingreedericksz critical field for the first cell is higher than that
ders a formation of the interfacial smectic structure. Accord+gr the second one, the validity of the above theoretical re-
ing to the estimate performed in these papers, the regulayyts could be confirmed. One can, however, ask: How sharp
wavy microrelief of periodd~0.5 pm and amplitudeUo  should the regular microrelief bé.e., how large, or small,
~0.02 um can suppress almost completely the substratgnouid be the period and the amplitudéJ,) to result in a
surface-induced smectis- (SmA) structure. difference between the critical fields for the two above cells
One can then ask: how can one check the validity of thigy exceed achievable~(1% [18]) measurement accuracy?
theoretical result? The most detailed information of the in-oy close must we approach the bulk N—Srtransition
terfacial smectic structure in LC can be obtained from exyemperature to detect the effect of the interfacial smeftic-
periments using small-angle x-ray scattering from the LCstrcture on the Feslericksz transition critical field? In order
interface[3—5]. However, in most such experiments only the 1 answer these questions, we have to investigate theoreti-
free surface of LC has been studied, because an x-ray stug|y the influence of the smecti-structure, which is in-
of the LC—solid wall interface is very complicated. Never- 4, ceqd by the solid substrate surface with regular microrelief
theless, in Ref[18] it has been shown that the existence orjy NLc “on the Fredericksz transition. Such a theoretical
absence of the interfacial S¥nstructure can be revealed in- investigation is an aim of the present paper.

directly by the well-known Fredericksz transitiofil9,20 in We start in the next section with a description of the

a very thin homeotropically aligned nematic cell of thicknessgmectica phase induced by the substrate surface with regu-

h~2-3 um. When the interfacial smectic structure is |5r wavy microrelief in NLC. This description is a modified
formed near the substrates of such a cell, a transverse ext€fsrsion” of the oversimplified theory proposed in Refs.

nal magnetic fieldd would be unable to deform this surface- [16,17). In Sec. Il the results obtained in Sec. Il are used in
induced smectic region. Then, if the interfacial smectic ordes calculation of the Federicksz critical field for a thin nem-
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atic cell with due regard for the deformed surface-induced ne~—duUlax, ny,=0, n,~1. 3
SmA structure. Section IV presents the results of numerical o . _ .
calculation of the critical field followed by a discussion.  Substituting these relations into E@) one obtains

Il. DESCRIPTION OF THE Sm A PHASE fn~(K1/2)(02U19x%) %+ (K3/2)(9°Ul9xaz)?.  (4)

INDUCED BY A DEFORMED SURFACE IN NLC ) .
It should be noticed that since the temperature of the LC

Let us consider the nematic layer in contact with the solidunder consideration is in the vicinity of the second order
substrate surface having a wavy microrelief described by al-SmA phase transition, the bend elastic constégin Eq.

one-dimensional harmonic function, for example, (4) is not similar to that in the pure nematic phase. Near the
second-order N—S# transition point the smectic short-
Uo(X)=U, cod (2m/d)x], (1) order fluctuations occur in the nematic bulk phase. These

smectic order fluctuations are not induced by the substrate

whereU, andd are the amplitude and period of the Suncace_surface and must be considered separately from the surface-

microrelief, respectively. The NLC layer is assumed to peinduced smectic structure. As it will be seen below, they give

h iropically ali in the bulk le the directari rise to a renormalization of the elastic constint

omﬁol rtoptlﬁa y?'gne‘ﬂ'” I'? tﬁ sal;n? et N ]!;i;;”s The second contribution is the free energy density of the
gﬁ‘;g aessameeztﬁ)a(\[cs’o rl,]l(r)ran(? sngeSl?sSir:atﬁeSL\J/ricinity gfs thesurface—induced ShAl phase. Ifo(z) is the smectic order
second order N-Sf phase transitioithe NLC temperature parameter antl (x,z) is the shift of smectic layers due to the

is slightly above the transition poinand the orientational substrate surface microrelief, then the surface-induced
ghtly . . P ) smecticA phase in the vicinity of the second-order N-Sm
order is perfectthe orientational order paramei®+=1, i.e.,

o phase transition is described by the density wave
the long axes of all molecules are parallel to the direnfor
The latter assumption is reasonable enough because most -~ B
LC’s undergo a second order N-@nphase transition suffi- p(X.2)=poi1+ a(z)co4 2m(z=U(x.2))/1]}, ®)

ciently far from the clearing point and the actual orienta—\,\,herep0 is the average density of the liquid crystal mol-

tional order is very close to perfect. _ ecules, and the free-energy density of theASphase is
Let us assume that due to the interaction between Mé&iven by the Landau—de Gennes expression:

sogenic molecules and the substrate surface the latter induces
a positionally ordered Sk structure with a period equal to
thg moleculgr length If the molecules withir?the firs?inter- fsma=(A/2)0*+(Cl4) o+ (LI2)(do/d2)®

facial smectic layer are assumed to be rigidly anchored to the +(B/2)(aUl32)?, (6)
substrate surface, then this layer should be distorted by the

substrate sinusoidal relief, and this distortion due to the smalvhere A=a(T—Ty,), @ and C are the temperature-
smectic layer compressibility can be transmitted to theindependent constants, is the temperature of the system,
neighboring layers. It is clear that the deformation of theT,, is the N—SmA phase transition temperature,is the
interfacial smectic structure should affect its translational orelastic constant which, in the framework of a mean-field
der, i.e., the value of the smectic order parameter. On theéheory, determines the longitudinal correlation lengtior
other hand, the depth of penetration of the surfacemectic fluctuations in the vicinity of the second-order
microrelief-induced deformation depends on the smectigzN—SmA phase transition 89,20

layer compressibility, which is determined in turn by the

translational order of the interfacial smectic structure. Thus, £=(L/IA)M2 %)

to describe completely the LC region near the substrate sur- '

face with a microrelief we must determine simultaneouslyangp js the smectic layer compressibility. It should be noted
the interfacial smectic order-parameter profile and the penga; the two gradient terms in E¢) are due to the coordi-
etration of the surface microrelief-induced deformation intopate dependence of the absolute value of the smectic order
the sample bulk. parameters and the smectic layer elastic deformation, re-

_In order to solve this problem we must know the expres-gpectively. Further, according to RERO], the smectic layer
sion for the free energy density in the interfacial LC |ayer-compressibilityB can be represented as

This expression should contain two contributions. The first
contribution is the free energy density of the deformed nem-

— 2
atic liquid crystal[19,20 B=Boo~, (8

and the elastic constaBy, is related to the constahtby the
= (K1/2)(divn)2+ (K,/2)(n-rotn)2+ (K4/2)(nXrotn)?,  €quation
)

whereK , ;are the Frank splay, twist, and bend elastic con-

stants, respectively. If the substrate surface wavy deforma- Adding expressiong4) and (6) and taking into account
tion is assumed to be weak enoJd@#/d)U,<<1], thenthe Eq. (8) one can obtain the following equation for the total
director components are related to the one-dimensional waviyee energy density of the LC layer near the deformed sub-
deformationU(x,z) by the equations strate surface

Bo=L(27/1)>. 9
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f=fyt fsm=(K1/2)(°U/9x?)%+ (K3/2) (92Ul 9xdz)? Substituting Eq(15) into expressiori13) for the total free
) . ) energy of the interfacial layer and minimizing the latter with
+(Al2)o"+(Cl4)o"+(L/12)(dald2) respect too(z), U(z), and o, we obtain the following
+(By/2) 0%(3U 92)2. (10) Euler-Lagrange equations:

In order to determine the total free energy of the interfa- L(d?0/dZ’)— Ao~ Co>—(Bo/2)o(dU/dz)?=0, (16)
cial region we must integrate the free energy denélty)
over the space above the substrate surface and add to this

result the energy of direct interaction between the liquid d—[(BO/Z)UZ(dU/dZ)]+(K3/2)(27T/d)2(d2U/d22)
crystal molecules and the substrate. In previous papers on the z
surface-induced smectik-phase[8,9] this interaction was —(K4/2)(2m/d)*U =0, (17

simulated by a short-range orienting field which acts directly
only on the molecules in contact with the boundary surfaceand the boundary condition
The energy of such an interaction can be written as
of
G(z,9)=—Go(3/2co$9—1/2) 5(z— Ug(X)), Aoalad)| = Gopo- (18)
7=

whered is the angle between long axes of the LC molecules A solution of Egs.(16), (17) with boundary condition
and the normal to the boundary surfaGg, is the interaction  (18), as well as under the condition of complete decay of
constant, and(z—Ug(x)) is a well-known Dirac function. hoth the interfacial smectic structure and the substrate sur-
Since the orientational order in the system under considefface microrelief-induced deformation with penetration into
ation is assumed to be perfect (dos1) this potential can the nematic bulk §—0, do/dz—0, U—0, dU/dz—0 at
be represented as z—x), determines the interfacial smectic order parameter
profile and the deformation. Because of their nonlinearity,
however, these equations can be solved only numerically.
Nevertheless, let us attempt to obtain the approximative ana-
. . . lytical solution. We can use the following approach. Even for
and the energy of interaction per unit substrate square i perfectly flat substrate, the surface-induced smectic order
equal to should decay with penetration into the nematic bulk at a
distance of order of the longitudinal correlation lengtfor
w smectic fluctuationg21]. According to experimental data
Fs:j G(2)p(x,2) dz=—Gopg— Gopoog, (120 [22], at a temperature about 0.1 K higher above the second-
0 order N—SnA\ phase transition, this correlation length is of
. . order 0.1um. On the other hand, if the period of the sub-
where o is the value of the smectic order parameter at thegirate surface wavy relied is of order of 1um, then the
substrate surface. Finally, the total free energy of the LGyenih of the penetration of the surface-induced deformation
interfacial layer per unit substrate square can be representggty the nematic bulk should be of the same orfies).
as Therefore it is reasonable to assume tbérz) must decay
rapidly in comparison withJ(z), or o(z) is a rapidly vary-
w__ ing function andU(z) is a slowly varying one. Then in the
F:f f(2) dz—Gopo—Gopooo, (13)  third term of Eq.(17) U(z) can be approximately considered
0 as a constant value, and one cangét)~U,. The subse-

_ quent integration of this equation over any interzat-z;
where f(z) is the free energy density of the LC interfacial within a region of the existence of the interfacial Smphase
layer averaged over théY plane. If we take the expression yields
for U(x,2) in the form

G(2)=—God(z—Ug(X)), 11

[Boo?(zy) + Kg(27/d)?](dU/dzy)
~[Boo?(z,) + Kz(27/d)?](dU/dz,)
—Ky(2m/d)*Uo(2z,—271). (19

U(x,z)=U(z)cog (2x/d)x],

U(X,2)|,=0=Uqcog (27/d)x], (14
If at the pointz, the interfacial smectic order decayed

then the expression fd_r(z) is the following: sufficiently [ o(z,)~0], then dU/dz, can be determined
from the equation

f=(A2)02+ (Cl4)o*+ (LI2)(do/dz)?

+(Bo/4)o?(dU/d2)%+ (K, /4)(27/d)*U? , , o
which describes the decay of a wavy deformation in the ho-
+(K3/4)(27/d)2(dU/dz)?. (15 meotropically aligned NLG19]. Hence,

dU/dz,=— (K, /Kg)Y42x/d)U, (20)
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[Boo?(zy) + Kg(27/d)?](dU/dz,) 0.60
~— (K1K3)Y(27/d)3Uo— Ky (2m/d)*U (25— 21),

(21)

and the ratio of the second term on the right-hand side of Eq. 0.40

(21) to the first one is equal toK(; /K3) Y 27(z,—z;)/d]. \
Since the depth of penetration of the interfacial smectic order o(2)
into the nematic bulk should be an order of magnitude

smaller than the period, and near the second-order N-8m 0.20
phase transition, the bend elastic constagis significantly

larger than the splay elastic constaff [19,20, and the

TN ST O T N S O OO0 T U0 Y D OO 1O U DO MO O 00 O M |

value of this ratio should be much smaller than unity. In this 6 ~ —
situation the second term on the right-hand side of 4) {\ \4\3 K
can be omitted. This yields 0.00 i e TR e T T T
0.00 0.05 0.10 0.15 0.20
z(pm)
(Ui (K K3)YA(27/d)3U, 22
)~ — . . . . _ . i
[BOUZ(Z)-I— K3(277/d)2] FIG. 1. The interfacial smectic order-parameter profiles for vari

ous amplitudes of the substrate surface microretiefl um. 1,
Up=0; 2,Ug=0.01 um; 3,U,=0.02 um; 4, Uy=0.03 um; 5,

Substituting this approximate expression into E5),
Up=0.04 um; 6,Uq=0.05 um; 7, Uy=0.06 wm.

one can integrate it once and obtain the solution
YT (T—Taa)/Tna=10"% Tya=307 K; £=0.16 um; K,
(dotdz)==vW(a,Uo.d). 29 _qg dyn; 1=3x10"7 cm (data for LC 8CB from Ref.

[22]); C*~1200[23]. The magnitude oB, has been deter-
mined from the relationshifB,/K,;~1/12 [19,20, and the
ratio K5/K, has been taken as

where

W(0,Ug,d)=¢202+C* g*+ (K4/2L)(27/d)*U}
X{1—-[(Bo/K3)(d/27)?0?+ 1] 1}, K3/Ki~1+(kgT/6)(m&N%Ky), (28)
(24 where kg is the Bolzmann constant. This equation can be
obtained by using the results of R¢24], which deals with
the effect of the short range smectic order fluctuations in the
bulk nematic phase in the vicinity of the second-order
N—SnmA phase transition on the bend elastic conskaitAs
S J"To do 25) for value of the parameté&syp, /L, its choice must be some-
o@\W(a,Ug,d)’ what arbitrary because we have no detailed information on
the direct interaction between the LC molecules and the sub-
which determines the surface-induced smectic orderstrate surface. Therefore, this parameter has been chosen to

parameter profiler(z). Combining Eq.(22) with the bound-

andC* =C/2L. From Eq.(23) one can deduce directly the
equation

ary condition(18) and taking into account that 0.60 5
pra _Lda o6 0.50 E
ddoldz) |, , —dz|,_, 040
one can easily derive the algebraic equation
%  0.30
W(00,Ug,d)=(Gopo/L)?, 27
0.20 3
which determines the value, of the smectic order param- E
eter at the substrate surface. 010 3
The relations obtained above allow us to determine the
smectic order-parameter profile that describes the interfacial E
1 1 0.00‘I!I!II!I’!!!Alll(llIlll(lllllltll!ll(
SmA structure near the solid substrate surface with a regular .00 505 o 0% 0 oe s

wavy microrelief in the vicinity of the second-order N—8m
phase transition. Such profiles, obtained for different values
of the amplitudeU, and fixed periodd=1 wm of the mi- FIG. 2. Dependence of the smectic order parameter at the sub-
crorelief, are shown in Fig. 1. The numerical calculation hasstrate surfacer, on the amplitudeU, of the wavy microrelief.d
been performed with the following values of parameters: =1 um.

Uo{pm)
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0.10 3 A simple way to take into account the effect of the sub-
] strate surface-induced smec#icstructure on the critical
1 field H. has been offered in Refl8]. Since a tilt of the
0.08 E directorn by a small angleJ relative to its initial homeotro-
] pic orientation is accompanied by deformation of the inter-
0.06 3 facial smectic layering, the well-known expression for the
£o(m) E elastic deformation energy density of ttle homeotropically
E aligned NLC in a transverse magnetic fi¢ld[19,20 should
0.04 3 be supplemented by an interfacial smectic layer deformation
] energyD(z) 92, whereD(z) is a parameter which, like the
smectic layer compressibilit, is proportional too? [18].
SRR This parameter plays the role of an “additional stabilizing
] N field,” which has a maximum strength near the substrates of
I the cell. Then, taking into account the symmetry of the cell

0.00 0.02 0.04 0.06 with respect to its centerzE& h/2), the total elastic deforma-
Us(pem) tion energy of the sample can be written[48)]

h/2

FIG. 3. Dependence of the depth of penetration of the surface- Fy= [K3(d1‘}/dz)2—)(aH21‘}2+D(z) 92]dz (30)
0

induced smectic order into the nematic bulk on the amplitude of the
wavy microrelief.d=1 um; (T—Tya)/Tya=10"%

whereK 5 and y, are assumed to be spatially uniform.
provide a reasonable value, for exampig=0.5, of the In order to determine the Federicksz critical fieldH as
smectic order parameter at the perfectly flat substrate surfagefunction of the cell thicknesis and the temperaturg, we
(Up=0). From Fig. 1 it is clearly seen that the substratemust choose a suitable dependence #¢z) which is (1)
surface deformation gives rise to the suppression of the insymmetrical with respect to the center of the cell, d42d
terfacial smecticA structure, and the sharper the substratesatisfies the boundary condition of rigid LC-substrate an-
surface microreliefthe larger the amplitude, at the fixed — choring, namely,
periodd), the “weaker” the interfacial smectic order. Both
the smectic order parametes, at the substrate surfadeee ¥(z=0)=9(z=h)=0. (39
Fig. 2) and the penetration depéh of the smectic order into
the nematic bull &y is the distance from the substrate at
which the smectic order paramete(z) is e times smaller .
than oy] (see Fig. 3 decrease with increasing microrelief Sz)= 9,sin
amplitudeU,. From Fig. 3 it is also seen that the degth =1 "
decays almost linearly with/,.

Then one can expand(z) in a Fourier series

h

TV
—z), (32

and, as in Ref[19], retain only the first term of this expan-
] sion, i.e.,
lll. CALCULATION OF FRE EDERICKSZ TRANSITION
CRITICAL FIELD FOR NLC CELL WITH DUE T
REGARD FOR SmA PHASE INDUCED BY THE ¥(2)~ B S'”(ﬁz)- (33
SUBSTRATE SURFACE WITH REGULAR MICRORELIEF
Inserting this expression into E(R0), we obtain the nem-

Let us consider a thin homeotropically aligned NLC cell 54ic geformation energy per unit square of the substrate

which is placed into a homogeneous magnetic flélqber-

pendicular to the nematic director. When the magnetic ﬁgh 2 )

field achieves a certain critical valug,, the directom re- Fa~ 4 K3F_X3H

orients in what is commonly known as a’Edericksz tran-

sition [19,20. In a “pure” homogeneous NLC cell, i.e., h/2 o

without the interfacial smectic layering, the critical field is +(4/h)f D(z)sinz(ﬁz)dz . (34
equal to 0

As mentioned above, the paramel2{z) should be pro-
K 2 portional to o, and, hence, it can be written &0%(2),
*_T[R3
a

(299  WhereD is a certain elastic constant which determines the

hardness of the smectic layers to the tilt of the director
relative to the layer normal.

where x, is the LC magnetic susceptibility anisotropy. As  When the magnetic field is lower than the critical value
discussed in the Introduction, when interfacial smectic layerH., the nondistorted state of the sample is stable, and the
ing is induced by the substrate surface in the NLC cell, ardeformation energ 4 must be positive for any,# 0. Then
additional hindrance to the director reorientation appears thahe critical fieldH,; can be determined from a conditiéi
results, in turn, in an increase of the critical fiefd . =0, which yields

c

Xa
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K37T2

Doh
2 0
H 2

C

dz|.

h/2 aT
5 f oz(z)sinz(—z
Xah 0 h

(35

K37T

The ratio ofH, to the Fredericksz critical fieldH* for a

“pure” and homogeneous nematic sample, i.e., without the

interfacial smectic structure, is equal to

Doh

He/H* = \/1+4K

. Johlzaz(z)sinz(%z)dz. (36)
3T

If we remember that the surface-induced smectic order al-
most completely decays at a distance from the substrate of

the order of~ ¢p~0.1u, and the thicknesss of even “ultra-
narrow” cells used in[18] wash~2—3 um, then in the
integral in the right-hand side of E36) sir[(n/h)z] can be
approximately written as=(7%/h?)z2, and the raticH./H?*
can be represented as

He/HE ~ \/

From Eq.(37) it is clearly seen that the influence of the
interfacial smectic structure on the Edkericksz critical field

o?(2)Z%dz
0

D
1+4_—

Kah (37
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FIG. 4. Temperature dependence of the paranfetéar the cell

with perfectly flat substratehi=2.5 um; D,=5.5x 10° erg/cn.

(*) indicate experimental points from Ré¢fL.8].

temperaturd for both cells with perfectly flat substrates and
that with substrates having the wavy microrelief. The tem-
perature dependence of the paraméleralculated in such a
manner for the cell with perfectly flat substratés=2.5 um)

can be significant only for sufficiently thin cells, because, foris shown in Fig. 4. For comparison, the experimental data

thick cells (h—), the right-hand side of this equation goes
to unity, i.e., the critical field for a “thick” NLC sample
with interfacial smectic layers is indistinguishable from that
for a “pure” nematic sample of the same thickness. Finally,
if the integral term on the right-hand side of E@7) is
assumed to be much less than unity, then the retiéH}
can be approximated as

)

By analogy with Ref[18], one can also define the quantity
Q=H//H; —1:

Do

He/HE~1+2p

o?(2)Z%dz (39

o?(2)Z%dz
0

D
Q~2—2

<h (39)

IV. RESULTS OF NUMERICAL CALCULATION
AND DISCUSSION

As seen from Eq(39), to calculate the temperature de-
pendence of the paramet@r, we must know, in addition to
the smectic order-parameter profitéz) and the temperature
dependence of the elastic const&nit the magnitude of the
parameteD,. This magnitude we can determine as follows.
Taking the cell thickness, as in R¢fL8], to be equal tch

~2.5 um, and assuming the cell substrates to be perfectly

flat (Uy=0), we determine the parametBr, such that we
obtain the valug&) at certain temperaturg say 0.2 K higher
thanTy,, similar to that found experimentally. From Fig. 1
in Ref. [18] one can findQ(T=Tya+0.2 K)~0.13. For
this value of2 we findD,=5.5x 10° erg/cnt. Such a value
of Dy can be used in a numerical calculation @f at any

from Ref.[18] are also brought here. It is easily seen that the
results of the calculation are in a satisfactory agreement with
the experimental ones.

Analogous dependences calculated for different values of
the amplitudeU, of the wavy microrelief on the substrate
surface (I=1 um) are shown in Fig. 5. From this figure one
can conclude that the effect of the interfacial Sstructure
on magnitude of the Feslericksz critical field can be de-
tected if the temperature of the system under investigation is
lower than~Tya+1 K. In the opposite case, the parameter
Q is smaller than the actually achievabte 1% [18]) accu-
racy of a measurement of the critical field. Figure 5 also

0.20
] 1,

0.15
]
] \

0 o103 \
1z \
] \ \
SR

0.05 4 \\\
] AN :
1% T

0.00 T T T e T
0.00 020 040 060  0.80 1.00

T - T (K}

FIG. 5. Temperature dependences of the paranietéor dif-
ferent values of the amplitude of the wavy microreligf 1um. 1,
Uy=0.03 pm.
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demonstrates a strong decay @fwith increasingUy, and  nessh~2.5 um, one of which has perfectly flat substrates,
the closer the sample to the bulk N—8ntransition point, and another has substrates with regular wavy microrelief
the larger the difference if2 for the cell with flat substrates (Uy~0.03 um, d~1 um), we should find the critical field
and for that with substrates having the microrelief. For ex-for the first cell to be about 13% higher than that for the
ample, forT=Tya+0.2 K, the parametef) for the cell second one. This difference in magnitude kf is much
with flat substrates is equal to 0.13, whereas fdy larger than the achievable experimental accuracy of the
=0.01 um, Q=0.07; for Uy=0.015 um, Q=0.045; for  Freedericksz critical field, and its detection could be consid-
Uy=0.02 um, ©=0.03; and finally, forU,=0.03 um, ered as a confirmation of the thedr6,17 which predicts
(1< 0.01. Consequently, in the vicinity of the bulk N—8m suppression of the interfacial smecAcéSmA) structure by
phase transition temperature, the critical fielgfor the thin  the regular microrelief on the solid substrate surface.

cell with substrates having a sufficiently sharp wavy mi-

c_r(_)reli_ef should be similar to that for the Iét@ricksz tran- ACKNOWLEDGMENTS
sition in a “pure” and homogeneous nematic sample of the
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