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STATIC SPLAY-STRIPES I N  A HYBRID ALIGNED NEMATIC LAYER 

AMELIA SPARAVIGNA*, LACHEZAR KOMITOV**, 
BENGT STEBLER**, and ALFRED0 S T R I G A Z Z I *  

*Dipar t imento d i  F i s i c a ,  P o l i t e c n i c o  d i  Tor ino,  
C I S M  and INFM, U n i t i  d i  Tor ino,  
C.so Duca d e g l i  Abruzzi, 24 
1-10129 Tor ino ( I t a l y )  

S-41296 Goteborg (Sweden) 
**Department o f  Physics, Chalmers U n i v e r s i t y  o f  Technology, 

Abstract A usual ape r iod i c  h y b r i d  al ignment can appear i n  a 
nematic l a y e r  w i t h  weak anchor ing o n l y  i f  t h e  c e l l  t h i ckness  i s  
g rea te r  than a c r i t i c a l  va lue dh, below which a s t a t i c  p e r i o d i c  
p a t t e r n  i n s t e a d  o f  t h e  h y b r i d  ape r iod i c  s t r u c t u r e  cou ld  be 
prefer red,  i f  t h e  energy c o s t  f o r  a t h r e e  dimensional 
deformat ion,  i n v o l v i n g  t w i s t ,  i s  l e s s  than t h e  c o s t  f o r  t h e  
two-dimensional deformat ion o f  splay-bend type.  We have s tud ied  
t h e  occurrence o f  t h e  mechanical i n s t a b i l i t y  l ead ing  t o  t h e  
s t a t i c  p e r i o d i c  sp lay -s t r i pes ,  i. e. i n  t h e  case o f  t h e  t i l t  
anchor ing s t ronger  a t  t h e  one o f  t h e  wa l l s ,  i n  which t h e  
anchor ing i s  p lanar ,  f o r  several  values o f  t h e  t w i s t  anchor ing 
s t rengths.  Here t h e  behavior o f  t h e  t h r e s h o l d  d f o r  t h e  p e r i o d i c  
s t r i p e s  i s  presented and discussed as a P f u n c t i o n  o f  t h e  
anchor ing energies and o f  t h e  r a t i o  o f  nematic b u l k  e l a s t i c  
constants,  i n  t h e  frame o f  t h e  usual  continuum theory .  

INTRODUCTION 

I n  t h e  l a s t  decade, several  authors d e a l t  w i t h  h y b r i d  a l i g n e d  nematic 

(HAN) c e l l s ,  i. e. nematic l aye rs  possessing homeotropic anchor ing a t  

t h e  one o f  t h e  w a l l s  and u n i d i r e c t i o n a l  p lana r  a t  t h e  o t h e r  (see f i g .  
1 ) .  It was shown t h a t  a HAN c e l l  can be ve ry  i n t e r e s t i n g  bo th  f o r  a 

bas i c  and f o r  an app l i ed  p o i n t  o f  view. I n  f a c t ,  a HAN s t r u c t u r e  can 

be useful  f o r  measuring t h e  splay-bend e l a s t i c  r a t i o  K11/K33 by means 

o f  d i e l e c t r i c ’  and o p t i c a l  methods , o r  f o r  s tudy ing 

5 6 r e o r i e n t a t i o n  , a l s o  i n  t h e  presence o f  weak anchor ing . It must be 

po in ted  out,  t h a t  a HAN c e l l  w i t h  f i n i t e  anchor ing energy i s  s t a b l e  

o n l y  i f  t h e  c e l l  t h i ckness  d i s  b igge r  than a t h r e s h o l d  va lue dh, 

2 

f l e ~ o e l e c t r i c i t y ~ ,  t o t a l  i n t e r n a l  r e f l e c t i v i t y  4 , and n o n l i n e a r  o p t i c a l  
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266 A. SPARAVIGNA ET AL. 
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FIGURE 1. Aper iod i c  h y b r i d  a l i g n e d  nematic (HAN) c e l l  w i t h  
th i ckness  d and weak anchor ing a t  bo th  w a l l s .  H and P a re  t h e  
easy d i r e c t i o n s  a t  t h e  lower and upper subs t ra tes ,  r e s p e c t i v e l y .  
The ti lt anchor ing s t r e n g t h  a t  t h e  H-wall  (Wee) i s  l e s s  than  t h e  
one a t  t h e  P-wal l  (Wel 1. 

7 which depends on t h e  t i l t  anchor ing energy a t  bo th  w a l l s  . The 

recogn iz ing  o f  any t h r e s h o l d  becomes e s s e n t i a l  indeed f o r  a l l  p o s s i b l e  
a p p l i c a t i o n s  o f  HAN t o  e l e c t r o - o p t i c a l  dev ices  . 

a f t e r  Lonberg and Meyer' d iscovered t h e  
occurrence o f  p e r i o d i c  p a t t e r n  i n  a u n i d i r e c t i o n a l  p lana r  l i q u i d  

c r y s t a l  l a y e r  s t r o n g l y  anchored, due t o  a magnetic f i e l d  w i t h  
i n t e n s i t y  smal le r  than t h e  usual  a p e r i o d i c  Freeder icksz  th resho ld ,  

a cons iderab le  e f f o r t  has been made by severa l  au thors  i n  o rde r  
10 t o  study t h e  p e r i o d i c  s t r i p e s  as dependent on t h e  anchor ing  energy 

8 

On t h e  o the r  hand, 
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STATIC SPLAY-STRIPES IN HAN 261 

12 w i t h  d i f f e r e n t  e x t e r n a l  f i e l d s ”  i n  va r ious  geometr ies . 
14 Recent ly,  Lav ren tov i ch  and Pergamenshchi k1  and Chuvyrov 

r e p o r t e d  f o r  t h e  f i r s t  t i m e  t h e  exper imental  evidence o f  t h e  p e r i o d i c  

p a t t e r n  i n  HAN l a y e r s  weakly anchored w i t h  conven ien t l y  smal l  
t h i ckness  i n  t h e  absence o f  ex te rna l  f i e l d s .  I n  t h e  r e f .  /13/ t h e  
au thors  cons idered t h e o r e t i c a l l y  j u s t  t h e  i d e a l  s i t u a t i o n  i n  which t h e  
t w i s t  anchor ing a t  bo th  sur faces  was degenerated, i n v o l v i n g  no energy 
c o s t  a t  a l l ,  whereas t h e  t i lt anchor ing energy was f i n i t e ;  t hen  they  

found by means o f  numerical  c a l c u l a t i o n  t h e  c o n d i t i o n  f o r  t h e  
appear i  ng o f  t h e  p e r i o d i c  p a t t e r n .  
I n  t h e  present  work we are  d e a l i n g  w i t h  a HAN c e l l  w i t h  weak t i l t  and 
t w i s t  anchor ing a t  bo th  w a l l s  w i t h o u t  degenerat ion,  where t h e  p lana r  

al ignment appears t o  be t h e  p r e f e r r e d  one a t  sma l le r  l a y e r  th i ckness  
than  t h e  t h r e s h o l d  va lue  d The occurrence o f  s p l a y - s t r i p e s  i s  

considered, when t h e  l a y e r  th i ckness  i s  i n  t h e  i n t e r v a l  d 4 d < d h .  Our 

goal  i s  t o  show t h e  dependence o f  d on t h e  s p l a y - t w i s t  e l a s t i c  r a t i o  
P 

and on t h e  anchor ing c o n d i t i o n s .  

P ’  

P 

THEORY 

With  t h e  aim o f  s tudy ing  t h e  sp lay -pe r iod i c  p a t t e r n  which c o u l d  a r i s e  
i n  a HAN c e l l  a t  c e r t a i n  th i ckness  d, l e t  us cons ide r  a nematic l a y e r  

l i m i t e d  by two surfaces, z = 0 and z = d, z be ing  normal t o  t h e  w a l l s  
themselves. 

The easy axes a re  homeotropic (H) a t  z = 0 and u n i d i r e c t i o n a l  
p lana r  (PI a t  z = d; t h e  sur face  t rea tment  p rov ides  weak anchor ing 
bo th  f o r  t i lt (8) and f o r  t w i s t  (sp) (see f i g .  2 ) .  The ou t -p lane  angle 
8 and t h e  i n - p l a n e  a n g l e 9  are  assumed t o  be zero  i f  t h e  d i r e c t o r  n i s  
p a r a l l e l  t o  t h e  x -ax is .  As usual ,  we a re  l o o k i n g  f o r  t h e  t ransve rse  
p e r i o d i c i t y  (a long  t h e  y - a x i s ) :  hence 8 = B(y,z)  and sp = 9 (y ,z ) .  A t  

t h e  w a l l s ,  @(y,O) = 90(y), sp(y,O) = spo(y) and 8(y,d) = 9 1 ( y ) ,  

sp(y,d) = cp , ( y ) .  Since we are  i n t e r e s t e d  i n  s p l a y - s t r i p e s ,  t hus  t h e  
t i lt anchor ing s t rength15 a t  t h e  upper w a l l  (Well i s  b i g g e r  than t h e  

one a t  t h e  lower w a l l  (Wee). No r e s t r i c t i o n s  a r e  reques ted  f o r  t h e  
t w i s t  anchor ing s t reng ths  W 

9 1 -  
and W 

90 
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268 A. SPARAVIGNA ET AL. 

FIGURE 2 .  Pe r iod i c  h y b r i d  a l i gned  nematic (PHAN) c e l l  o f  
th ickness d w i t h  weak anchoring f o r  t i l t  ( 0 )  and f o r  t w i s t  (sp 
a t  both w a l l s .  

Th is  means t h a t  i f  t h e  usual h y b r i d  al ignment i s  n o t  allowed’, 

t h e  c e l l  th ickness d be ing smal ler  than a convenient t h resho ld  

th ickness dh, then i n  t h e  absence o f  p e r i o d i c  s t r i p e s  t h e  l a y e r  

alignment i s  t ransformed i n t o  a un i fo rm u n i d i r e c t i o n a l  p lana r  one. On 

t h e  contrary ,  i f  t h e r e  e x i s t  a th resho ld  th i ckness  d f o r  p e r i o d i c  

s t r i p e s ,  and i f  d < d < dh , thus a p e r i o d i c  h y b r i d  al ignment (PHAN) 

takes place, which f o r  d c lose  t o  d i n v o l v e s  e s s e n t i a l l y  sp lay and 

t w i s t .  

P 
P 

P 
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STATIC SPLAY-STRIPES IN HAN 269 

I n  order  t o  f i n d  t h e  th resho ld  th i ckness  d l e t  us consider  t h e  

reduced f r e e  energy G = 2 F/  K22 dx o f  t h e  c e l l  p o r t i o n  having 
a r b i t r a r y  l e n g t h  dx along t h e  x-axis,  and l e n g t h  d along t h e  y-ax is ,  
corresponding t o  t h e  p e r i o d i c  p a t t e r n  wavelength. F i s  t h e  f r e e  energy 
o f  t h e  same c e l l  p o r t i o n ,  and K22 i s  t h e  nematic t w i s t  e l a s t i c  
constant .  G reads 

P'  

A d 

G =! dy s g b  dz t Gs 
0 0 

where gb i s  t h e  bu lk  kernel  and Gs i s  t h e  sur face c o n t r i b u t i o n .  

By l i n e a r i z i n g  c lose  t o  t h e  t h r e s h o l d  th i ckness  d we have, i n  
P 

ty16: t h e  frame o f  t h e  usual continuum e l a s t i c  

where x 1  = K /K i s  t h e  e l a s t i c  r a t i o  between t h e  sp lay-  (Kl l)  and 

t h e  t w i s t  e l a s t i c  constant,  and t h e  do t  means t h e  d e r i v a t i v e  w i t h  
respect  t o  y o r  t o  z respec t i ve l y ,  as de f i ned  by t h e  r e l e v a n t  
subsc r ip t  . 

For t h e  sake o f  s i m p l i c i t y ,  l e t  us suppose t h a t  t h e  s u r f a c e - l i k e  
saddle-splay e l a s t i c  constant  i s  g i ven  by K24 = - K22: hence t h e  
sur face c o n t r i b u t i o n ,  j u s t  due t o  t h e  anchoring, w r i t e s  

11 22 

here Li - i = 9,0; j = o, l  - are de Gennes-Kl6man e x t r a p o l a t i o n  

lengths17, g i ven  by 

According t o  t h e  usual  procedures, t h e  Euler-Lagrange equat ions 
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270 

10 read 

A. SPARAVIGNA ET AL. 

(5) 

which, i f  x , > l  as i n  t h e  present case, are coupled homogeneous second 
order equations, w i t h  t h e  boundary condi t ions:  

-1 v o  - vz0 = 0 

. el t ezl = o -1 ' 6yl 

which are e x p l i c i t y  independent o f  x l .  

range 

The so lu t i ons  o f  system (5) have t o  be searched i n  t h e  complex 

e = 8 exp [i ( a z  t BY)] 

!T = 9 exp [i ( a z  t BY)] 
( 7 )  

0 being the  r e a l  wave number o f  t h e  in-p lane t w i s t  p e r i o d i c  pat tern,  
and a being t h e  poss ib le  splay-wave number along z. 

By s u b s t i t u t i n g  ( 7 )  i n  (51, t h e  c h a r a c t e r i s t i c  equat ion i s  
obtained as: 

which has f o u r  so lut ions,  g iven by 
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STATIC SPLAY-STRIPES IN HAN 

a l =  a 2 = - i O  , a 3  = a 4  = i R. 

27 1 

Thus system ( 7 )  reads: 

8 = (C, ch Oz + C 2  z ch Bz + C3 sh Oz + C4 z sh Oz) cos By 

Q,= (Cl, ch Rz + C I 2  z ch Oz t C I 3  sh Rz + CI4 z sh Rz) s i n  Oy 
(9) 

w i t h  on l y  f o u r  independent i n t e g r a t i o n  constants: 

C1 = A C t 2  - C J 3  

c = -  
c ' 4  2 

C 3  = A C '  - C a 1  4 

c = - C I 2  4 

(10) 

where A = ( x l  + 1 )  / [0 ( x l  - 111 keeps t h e  i n fo rma t ion  r e l e v a n t  t o  
t h e  bu lk  e l a s t i c i t y .  

By s u b s t i t u t i n g  t h e  so lu t i ons  (9) w i t h  t h e  c o n s t r a i n t  (10)  i n t o  

t h e  boundary cond i t i ons  (61, we recognize t h a t  t h e  4 x 4 c o e f f i c i e n t  
determinant D, which must be zero i n  order  t o  avoid t r i v i a l  case, has 
t h e  f o l l o w i n g  elements: 

a12 = - L ( O A  t 1) ;  a13 = 0; a14 = 0 
Y O  

1 s t  l i n e :  all = 1; 

= Leo (OA - 1 )  a24 2nd l i n e :  a21 = 0; a22 = A; = - 1; 

3rd l i n e :  a31 = ch Od; a32 = [LYl  ( O A  + 1 )  + d] Ch Od; 

a33 = sh Od; a34 = [LY1 (RA + 1 )  + d] sh Od 
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272 A. SPARAVIGNA ET AL. 

4 t h  l i n e :  a41 = - sh Bd; 

a43 = - ch Od; 
a42 = A ch Rd t [Lei (RA - 1 )  - d] sh Rd; 
a44 = A sh Rd t [Lei (RA - 1 )  - d] ch Rd 

where t h e  c o n d i t i o n  D = 0 has t o  be i n t e r p r e t e d  as an i m p l i c i t  
f u n c t i o n  d ( R ) :  t h e  minimum o f  t h i s  f u n c t i o n  g i ves  both t h e  th resho ld  

th ickness d f o r  PHAN s p l a y - s t r i p e s  and t h e  wave number R a t  t h i s  
th ickness.  

P P 

DISCUSSION 

7 The aper iod i c  HAN t h r e s h o l d  th ickness obta ined by Barber0 and Barber i  

was 

we p o i n t  out  t h a t  j u s t  i f  d = dh t h e  al ignment i n  a l a y e r  w i t h  d < dh 
i s uni  d i  r e c t i  onal p l  anar. 

P 

Le t  us now t r e a t  some p a r t i c u l a r  cases. 

No t o r s i o n a l  anchor ing 

I n  r e f .  /13/ t h e  authors d e a l t  w i t h  t h e o r e t i c a l  cons ide ra t i ons  
concerning a speci a1 

w a l l s :  t h e  problem 
numer ica l ly ,  by impos 
v a r i a t i o n  o f  t h e  f r e e  

Here we found s 
c r i t i c a l  c o n d i t i o n  D 

IAN c e l l ,  having no anchor ing f o r  t w i s t  a t  both 

was solved w i t h o u t  l i n e a r i z i n g ,  b u t  j u s t  
ng d i r e c t l y  t h e  minimum c o n d i t i o n  t o  t h e  second 

energy. 

= 0, thus t h e  mply t h a t  i f  L 

= 0 reads sh Rd = 0, i . e .  dD = 0 w i t h  R 

-1 -1 
90 = L!Pl 

indeterminate.  Phys i ca l l y ,  i t  means t h a t  if t h e  t o r s i o n a l  anchor ing a t  
both w a l l s  i s  very  weak, t h e  PHAN i s  expected t o  a r i s e  f o r  d = 0, 

w i t h  e x c e p t i o n a l l y  small c r i t i c a l  wavelength of t h e  o rde r  o f  t h e  
molecular  i n t e r a c t i o n :  f o r  every d < dh t h e  undeformed p l a n a r  s t a t e  i s  
unstable,  no ma t te r  how are t h e  values o f  t h e  t i l t  anchor ing energies 
a t  both w a l l s .  We conclude t h a t  t h e  exper imental  disappearance o f  t h e  
s t r i p e  domains observed a t  very  smal l  th icknesses o f  PHAN c e l l s  by 

Lavrentov ich e t  a1 t . l3 and by Chuvyrov l4 i m p l i e s  t h a t  t h e  ac tua l  
f i n i t e  anchor ing f o r  t w i s t  cannot be t h e o r e t i c a l l y  disregarded. 
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STATIC SPLAY-STRIPES IN HAN 273 

Strong t w i s t  anchoring 
Now t h e  opposi te  s i t u a t i o n  has t o  be considered: s t r o n g  t w i s t  

= 0; as a anchor ing a t  bo th  w a l l s .  I n  such a case, 
consequence, we always found a r e g i o n  i n  which PHAN i s  s tab le,  
prov ided t h e  e l a s t i c  r a t i o  r = l / X ,  i s  s u f f i c i e n t l y  smal l .  The 
c r i t i c a l  va lue i s  rc = 0.32, c lose  t o  t h e  one r e p o r t e d  f o r  t h e  
p e r i o d i c  s t r i p e s  occu r r i ng  i n  t h e  p lana r  geometry, due t o  magnetic 
f i e l d ” ;  i n  f i g .  3, i t  i s  shown t h e  behavior  o f  bo th  d and I3 vs. r 
f o r  Lgl = 0, Leo = 2pm. Note t h a t  i n  t h i s  case d,, = Leo. 

90 = Ip1 

P P 

0.0 0.1 0.2 r 0.3 0.4 0.5 

FIGURE 3. Threshold values d and d vs. r = K /K f o r  t w i s t  
s t rong  anchoring, w i t h  L 4 0, ar!d L = 12*pd!  The PHAN 
c o n f i g u r a t i o n  i s  stabad f o r  d <d%d The broken l i n e  
represents  t h e  behavior  o f  t h e  wave nhnber hi a t  t h e  th resho ld  
th ickness d P 

P ‘  

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

9:
34

 1
9 

Fe
br

ua
ry

 2
01

3 



274 A.  SPARAVIGNA ET AL. 

Weak t w i s t  anchor ing o n l y  a t  t h e  P-wal l  
By r e l a x i n g  t h e  t w i s t  su r face  energy a t  t h e  one o f  t h e  w a l l s ,  two 

d i f f e r e n t  s i t u a t i o n s  a r i s e .  L e t  us cons ider  f i r s t ,  o n l y  t h e  t w i s t  

anchor ing a t  t h e  P-wal l  t o  be weak. 

The c o n d i t i o n  L = 0, by f i x i n g  t h e  t i l t  p lane a t  t h e  s i d e  where t h e  
favored al ignment i s  homeotropic, enables t h e  PHAN t o  appear j u s t  f o r  

smal l  values o f  r, even though t h e  decrease o f  t h e  t w i s t  anchor ing 
s t r e n g t h  a t  t h e  P-wal l  y i e l d s  a smal l  enhancement o f  t h e  c r i t i c a l  

va lue :  if L Y 1  goes from 0 t o  5pm,  thus  rc goes f rom +0.32 t o  r ~ 0 . 4 2 ,  
p rov ided t h e  tilt anchor ing a t  t h e  P-wal l  i s  a l s o  s t rong  (Lei = 0)  - 
see f i g .  4; whereas t h e  weakening o f  t h e  t i l t  anchor ing  a t  t h e  

YO 

1 .o 

0.0 
0.0 0. I 0.2 r 0.3 0.4 0.5 

FIGURE 4. Threshold values d and dh vs. r i f  t h e  t w i s t  
anchor ing a t  t h e  H-wal l  i s  s t rchg ,  f o r  L = 0 and f o r  two 
d i f f e r e n t  values Leo = 1, 2 p m .  I n  bo th  case!! L ranges f rom 0 
t o  5 p m .  P’ 
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STATIC SPLAY-STRIPES IN HAN 215 

P-wal l  h inde rs  i n  a c e r t a i n  sense t h e  f o r m a t i o n  o f  PHAN, by 
d i m i n i s h i n g  t h e  b u l k  sp lay  energy f o r  t h e  same e l a s t i c  r a t i o  r, whose 
c r i t i c a l  va lue  i s  rang ing  fromcl0.15 t o ~ 0 . 2 0  and f rom ~ 0 . 2 0  t o  - 0.26 
when LQ1 = 1 p m  and e i t h e r  LBO = 2 p m  o r  LQ0 = 3 p m ,  r e s p e c t i v e l y  - 
see f i g .  5. 

2.0 

0.0 
0.0 0.1 0.2 r 0.3 0 . 4  0.5 

FIGURE 5. Threshold values d and dh vs. r f o r  s t r o n g  t w i s t  
anchor ing a t  t h e  H-wal l  and L p= 1 pm w i t h  two d i f f e r e n t  values 
Lm = 2, 3 p m .  I n  bo th  cases @' ranges f rom 0 t o  5pm.  'PI 

Weak t w i s t  anchor ing  o n l y  a t  t h e  H-wall  

The most i n t e r e s t i n g  r e s u l t  i s  r e l e v a n t  t o  t h e  case L # 0. F igs .  6, 
7 show t h e  behav io r  o f  d as a f u n c t i o n  o f  r when L = 0.1, 0.2, 0.3 

P (Po 
pm, i . e .  when t h e  anchor ing s t r e n g t h  f o r  t h e  t w i s t  a t  t h e  H-wal l  i s  
h i g h  again, even i f  t h e  anchor ing cou ld  n o t  be cons idered s t rong .  
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I .o 
A. SPARAVIGNA ET AL. 

0.4 

0.2 

0.0 
0.0 0.1  0.2 r 0.3 0.4  0.5 

FIGURE 6 ,  Threshold values d 
anchoring a t  the P-wall w i t h  pel = 0 ,  Leo = 1 pin while L 

and dh  vs. r for  s t rong twist 
i s  

ranging from 0.1 t o  0.3pm. Y o  

I n  f i g .  6 the case of Leo = l p m ,  Le, = 0 i s  reported, while i n  f i g .  7 
- 1 pm. There i t  has demonstrated t h a t  d i s  one has Leo = 2pm, Lel  - 

strongly dependent on L * as the twist anchoring energy decreases a t  
the H-wall, d deeply diminishes as well, and such an effect  i s  much 
more greater i f  Lel  = 0,  the splay energy cost becoming higher. 

P 
90’ 
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STATIC SPLAY-STRIPES IN HAN 277 

1.0 

0.4 

0.2 

0.0 

d h  

0.0 0 . 1  0.2 r 0.3 0.4 0.5 

FIGURE 7. Threshold values d and dh vs. r i f  t h e  t w i s t  
anchor ing a t  t h e  P-wal l  i s  strong! w h i l e  t h e  t i l t  anchor ing i s  
weak a t  bo th  w a l l s  (Le, = 2pm and Lel = 1 p m ) .  L i s  ranging 
from 0.1 t o  0.3pm. P o  

General case 
When a l l  t h e  anchor ing on bo th  surfaces i s  weak, t h e  e f f e c t  o f  t h e  
t w i s t  sur face energy a t  t h e  H-wall i s  expected t o  p l a y  t h e  major  r o l e ,  
p a r t i c u l a r l y  i f  t h e  tilt anchor ing i n v o l v e s  h i g h  b u l k  energy c o s t  f o r  
splay.  I n  f a c t ,  i n  f i g .  8 t h e  e f f e c t  o f  d i f f e r e n t  t w i s t  anchor ing 
s t rengths on t h e  PHAN t h r e s h o l d  th ickness d i s  repor ted,  f o r  a g i ven  
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278 A. SPARAVIGNA ET AL. 

weak ti lt anchor ing (Leo = 2 p m ,  LO1 = 1 p m ) .  By s imp le  i n s p e c t i o n  we 
may see t h a t  a small  i n c r e a s i n g  o f  L g r e a t l y  enhances t h e  PHAN 

r e g i o n  i n  t h e  p lane [r, d] , whereas a b i g  i n c r e a s i n g  o f  L has a 

ve ry  small  consequence ( l e s s  than NZ orde r  o f  magnitude).  

90 

I .o 

0.4 

0.2 

0.0 

d h  

0.0 0.1 4.2 r 0.3 0 . 4  0.5 

FIGURE 8. Threshold va lue  d and d vs. r i n  t h e  general  
case o f  weak anchor ing bo th  f o r P t w i s t  a#d f o r  t i l t  (L  = 0.1, 
0.2 p m ;  L T 1  =1, 5 pm; Lh = 2 p m ;  Lel = 1 pm) ' P o  

CONCLUSIONS 

The occurence o f  a mechanical i n s t a b i l i t y  i n  a HAN l a y e r  weakly 
anchored has been s tud ied .  The HAN i n s t a b i l i t y  leads  t o  a s p l a y - t w i s t  
p e r i o d i c  de format ion  (PHAN), due t o  t h e  f a c t  t h a t  a decreas ing  o f  t h e  

c e l l  t h i ckness  produces a h ighe r  sp lay  energy cos t ,  as a r e s u l t  o f  
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STATIC SPLAY-STRIPES IN HAN 279 

compet i t ive boundary condi t ions:  such a compet i t ion p lays t h e  r o l e  o f  

an external  f i e l d .  
We have found t h a t  t h e  PHAN con f igu ra t i on  always i s  present f o r  d < d h  

= LQ0 - LB1, i f  t h e  t w i s t  ex t rapo la t i on  l eng th  a t  t h e  H-wall (L  ) i s  
i n f i n i t e .  On t h e  contrary ,  i n  a more phys ica l  s i t u a t i o n ,  t h e  presence 

o f  PHAN deeply depends on both e l a s t i c  r a t i o  r = K22/K11 and on L = 

K22/W : t h e  occurence o f  splay s t r i p e s  i s  e s s e n t i a l l y  favoref 'by 
t h e  d im in i sh ing  o f  r and by t h e  r i s e  o f  L 

P 

90. 
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