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TILT BIAS ANGLE MEASURETJIENT WITH IMPROVED SENSITIVITY 

U n i v e r s i t y  of K a r l s r u h e ,  I n s t i t u t  f u e r  T h e o r e t i s c h e  
E l e k t r o t e c h n i k  und M e s s t e c h n i k  
7500 K a r l s r u h e ,  Kaiserstr. 1 2  

S u b m i t t e d  for  p u b l i c a t i o n  May 7 ,  1 9 8 1  

Abstract: The tilt aqle, s t r q l y  influencirq t h e  static 
as w e l l  as the dynmic behaviour of l iquid crystal devices 
o f t e n  causes problems i n  time and p r e c i s i o n  during i ts  
measurement. T h i s  paper p r e s e n t s  a f a s t  and a c c u r a t e  
method, based on t h e  magnetic n u l l  p r i n c i p l e  with o p t i c a l  
de tec t ion .  Improved s e n s i t i v i t y  of de tec t ion  of challges i n  
optical transmission ensures re1 iable reasurement of small 
tilt a n g l e s  e v e n  i n  t h i n  f i l m s  of  l i q u i d  c r y s t a l s .  
T h e o r e t i c a l  background of t h e  method , d e t a i l s  of t h e  
m e c h a n i c a l  c o n s t r u c t i o n  and e x p e r i m e n t a l  da ta  a re  
r e p o r t e d .  

GENERAL : The measurenent of t h e  t i l t - b i a s - a n g l e  of l i q u i d  
c rys ta l  d e v i c e s  is normally performed by means of optical  
i n t e r f e r e n c e  /1,2,6/ as well as  by d e t e c t i n g  changes of t h e  
d i r e c t o r  c o n f i g u r a t i o n  induced by e x t e r n a l  f i e l d s  ; t h e s e  
changes  are monitored by c a p a c i t i v e  or optical  a n a l y s i s .  
D e t a i l e d  d i s c u s s i o n  of a v a r i e t y  of methods a r e  g i v e n  by 
S c h e f f e r  and Nehring /3/ and by Toriyama and Suzuki  /4/. 

* Dr.-Ing. R.B.Komwski is on leave fran the  Politechnika 
Cdanska, I n s t y t u t  Technologi i E l e k t r o n i c z n e j  , Gcfansk, 
P o l a n d  on  a n  A.v.Humboldt S t i f t u n g  s c h o l a r s h i p .  
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18 B. B. K O S M O W S K I ,  M. E. BECKER, R. A. CREMERS and D. A.  M L Y N S K I  

The m g n e t i c  null-nethod, p r q o s e d  by Scheffer  and Nehring /3/1 
o f f e r s  d i r e c t  reading of t h e  t i l t - b i a s  a q l e  without knowledge 
of any material parameters. This technique ensures a ma11 area 
of rneasurenent and t h e  d i r e c t o r  pa t te rn  i t s e l f  is not d i s tor ted  
by an  electric f i e l d  as happens during c a p a c i t a n c e  ana lys i s .  
fbwever t h e  a p p l i c a b i l i t y  of t h i s  mthd is d r a s t i c a l l y  reduce3 
as t h e  s e n s i t i v i t y  f a l l s  to  z e r o  i f  t h e  t i l t - b i a s  angle  is 
close to zero or ninety degrees, which is due to the  f a c t ,  t h a t  
t h e  laser beam is f ixed to a p s i t i o n  p a r a l l e l  or rprpendicular 
to t h e  magnetic f i e l d .  A c h a q e  of the masurement-device fran 
t h e  perpendicular to the parallel configurat ion requi res  holes  
i n  t h e  pole pieces of t h e  m g n e t ,  an A d i t i o n a l  g l a s s  plate f o r  
beam c o r r e c t i o n  and accurate adjustment .  For  t h i n  l a y e r s  of 
l i q u i d  crystals (less than 10 microns) and t h e  t i l t - b i a s  angle 
close to  z e r o  or n i n e t y  d e g r e e s  t h e  shape  of t h e  c u r v e  of 
transmission versus  angle of incidence t u r n s  broad and sha l law 
( Figure  1 ) and t h u s  changes i n  t r a n s m i s s i o n  caused by t h e  
e x t e r n a l  f i e l d  are hardly detectable and t h e  inaccuracy of t h e  
masurement  increases .  Intrcduc t i o n  of a v a r i a b l e  canpensator 
reduces t h e s e  basic d i f f i c u l t i e s  bu t  renders  t h e  masurement- 
p r o c e d u r e  more t i m e  consuming.  

-a4  - 56 -28 0 2 8  55 8L 

ANGLE OF I N C I D E N C E  b 

FIGURE 1: Transmission vs. angle of incidence, planar  t e x t u r e ,  
a,=l degree,  d=12.2 microns, no=1.501 ne=1.63 

The transmission of l i g h t  through a non-twisted l i q u i d  crystal 
l a y e r  of th ickness  d placed between crossed  p l a r i z e r s  and 
o r i e n t e d  with its p r i n c i p a l  plane a t  4 5  degrees to the plane 
of p o l a r i z a t i o n ,  w i t h  a r b i t r a r y  t i l t - b i a s  a n g l e  a is g iven  
by/7/:  
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TILT BiAS ANGLE MEASUREMENT WITH lMPROVED SENSITIVITY 19 

d 1 2 2  & ( + , a )  = 2 TI- {- (a -b 1 sina-cosa-s in+ + 

(1) 
c2 

b + -  1 - -  
C 

C 

a = - - , b = -  1 2 2 , c 2  = a2 cos a + b2 sin a ne no 
w i t h :  a : t i l t - b i a s  a n g l e  

9 : a n g l e  o f  i n c i d e n c e  
d : t h i c k n e s s  o f  1.c. l a y e r  
h : w a v e l e n g t h  of t r a n s m i t t e d  l i g h t  
n e :  e x t r a o r i n a r y  r e f r a c t i v e  i n d e x  
no: o r d i n a r y  r e f r a c t i v e  i n d e x  

The p r i n c i p l e  of t h e  m g n e t i c  null-method consists i n  f ind ing  
t h a t  p o s i t i o n  where t h e  d i r e c t o r  and its related p h y s i c a l  
p r c p e r t i e s  ( s u c h  as capac i tance  or o p t i c a l  t ransmiss ion)  are 
i n d e p e n d e n t  o f  c h a n g e s  o f  t h e  e x t e r n a l  f i e l d . (  ) I  F, 
null-pos i t i o n )  Approaching this n u l l - p s  i t i o n  t h e  d e c r e a s i q  of 
the  f ield-induced changes i n  transmission makes t h e i r  de tec t ion  
q u i t e  d i f f i c u l t .  The s e n s i t i v i t y  of changes i n  t ransmiss ion  
c a u s e d  by sma l l  r o t a t i o n s  of  t h e  d i r e c t o r  is g i v e n  by: 

w i t h :  TO : t r a n s m i s s i o n  w i t h o u t  m a g n e t i c  f i e l d  
T1 : t r a n s m i s s  ion  w i t h  magnet ic  f i e l d  a p p l i e d  
n e  : e x t r a o r d i n a r y  r e f r a c t i v e  i n d e x  
n o  : o r d i n a r y  r e f r a c t i v e  i n d e x  

d : t h i c k n e s s  of  t h e  1.c. l a y e r  
h : w a v e l e n g t h  o f  t r a n s m i t t e d  l i g h t  

The i n c r e a s e  of s e n s i t i v i t y  i n  t h e  r a n g e  a r o u n d  t h e  
null-pos i t i o n  which is necessary f o r  its accurate determination 
is a c h i e v e d  by v a r i a t i o n  of t h e  a n g l e  of i n c i d e n c e  which 
r e m a i n s  t h e  o n l y  a r b i t r a r y  parameter. 
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20 B.  B. KOSMOWSKI, M. E. BECKER, R. A. CREMERS and D. A. MLYNSKI 

FIGURE 2: D e f i n i t i o n  of g e o m e t r y :  @ = a0 + Aa 

Figure 3 shows the s e n s i t i v i t y  as a f u n c t i o n  of t h e  angle  of 
incidence; it is obvious t h a t  t h e  s e s i t i v i t y  e x h i b i t s  severa l  
local maxima apart f r a n  t h e  zero p s i t i o n .  These values of the  
angle  of incidence,  if kept c o n s t a n t  during t h e  measurement, 
e n s u r e  a n  improved s e n s i t i v i t y  f o r  a c c u r a t e l y  d e t e c t i n g  t h e  
n u l l  p o s i t i o n .  

-56 -28 0 28 56 

ANGLE OF INCIDENCE 

0 
FIGURE 3: S e n s i t i v i t y  l X ( $ l 1  =u, ao= 1 ,Aa= lo, d = 12.2 p 

Aa ne = 1.63, nw1.50 

Figure 4 s h m  t h e  plot of the s e n s i t i v i t y  as a function of the 
a q l e  of incidence with t h e  tilt angle a s  parameter. Whilst i n  
t h e  case of a. = O O t h e r e  is a l w a y s  a c e r t a i n  amount of 
s e n s i t i v i t y  i n  t h e  r a n g e  of O o <  $ C 40° ,wi th  i n c r e a s i n g  
tilt-bias angle  one has  to take care  not  to choose an angle of 
t h e  i n c i d e n t  beam where t h e  " o s c i l l a t i n q "  s e n s i t i v i t y  equals  
z e r o .  
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TILT BIAS ANGLE MEASUREMENT WITH IMPROVED SENSITIVITY 21 

-ao = 10' 
% =O' 

0 .2  5- -ao = 10' 

0 
-50 -LO 0 GO BO 

0 
-50 -LO 0 GO BO 

0 0 
FIGURE 4: S e n s i t i v i t y J X ( + ) j  , ao=Oo, ao=10 , Aa=o. l ,  d=20 p 

The influence of the f i e l d  irrduced deformation on t h e  shape of 
t h e  curve o f  s e n s i t i v i t y  is shown i n  f i g u r e  5 .  
The a n g l e  A a  c o r r e s p o n d s  to  t h e  d e c l i n a t i o n  of t h e  l i q u i d -  
c r y s t a l  molecules e f f e c t e d  by t h e  magnetic f i e l d .  A v a r i a t i o n  
of t h i s  d e c l i n a t i o n  over two orders  causes only a m a l l  change 
i n  the anount of s e n s i t i v i t y .  This is t h e  i n i t i a l  condition f o r  
d e t e r m i n a t i o n  of t h e  n u l l - p o s i t i o n  wi th  adequate  accuracy.  

0 FIGURE 5: S e n s i t i v i t y  \ x ( $ ) 1  , Aa =0.05 ,5.0°, Uo= lo ,  d=20.0 p 

MECHANICAL REALISATION : The l i g h t  e m i t t i n g  d i o d e  and t h e  
p h o t o  d e t e c t o r  are m u n t e d  a t  f ixed  p o s i t i o n s  to  each o t h e r  
( d e t e c t o r  u n i t )  wi th  the p s s i b i l i t y  of c m m n  r o t a t i o n  around 
t h e  cell to be masurd. This prcwides d j u s t m e n t  of t h e  a q l e  
of i n c i d e n c e  to a n  a p p r o p r i a t e  v a l u e  of s e n s i t i v i t y .  T h i s  
p o s i t i o n  then remains f ixed  and t h e  d e t e c t i o n  u n i t  t o g e t h e r  
with the  cell can be rotated i n  the magnetic f i e l d  i n  order  to 
f i n d  t h e  n u l l - p o s i t i o n .  A s  l i g h t  source a FLV 104A l i g h t  
e m i t t i n g  d iode  wi th  a h a l f -  a p e r t u r e  angle  of  2 d e g r e e s  w a s  
chosen. Further  reduct ion of the  measured sp t  m y  be achieved 
by i n t r o d u c i n g  s u i t a b l e  stops. 
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22 8. B. KOSMOWSKI, M. E. BECKER, R. A. CREMERS and D. A. MLYNSKI 

Ph 

FK-Zel le  

Magnet 

Amlysotor 

Fotodiode 
BPW 35 

FK-Zelle 

F I G U R E  6: Top and  s i d e  v iew of t h e  de tec tor  u n i t  

The measurement is performed between crossed p l a r i z e r s  wi th  
t h e  p r i n c i p a l  p l a n e  a t  45 d e g r e e s  to t h e  director. To take 
advantage of t h e  imprmed s e n s i t i v i t y  it was necessary to u s e  
a n  incremental angle decoder with a reso lu t ion  of 0.05 degrees. 

PROCEDURE O F  MEASUREMENT: 
Step 1 : Mounting of the  cell to be masured and adjusbnent of 

45 d e g r e e s  a z i m u t h .  
Step 2 : Fdjuslnept of t h e  s t a r t i n g  posi t ion:  t h e  a q l e  between 

t h e  m g n e t i c  f i e l d  and t h e  sur face  of t h e  cell should 
be 0 degrees  f o r  F.lanar t e x t u r e s  and 90 degrees f o r  
h o m e o t r o p i c  t e x t  ires. 

S t e p  3 : Recording of transmission curve T ( $ )  with  no m g n e t i c  
f ie ld  applied for coarse est imat ion of the tilt-bias 
a n g l e  ( symmetry  c o n s i d e r a t i o n s )  

Step 4 : m s i t i o n i r q  of t h e  cell close to the nul l -posi t ion i n  
order to obtain a f i e l d  irduced d i r e c t o r  deviat ion of 
c o n s t a n t  v a l u e  Aa. 

S t e p  5 : V a r i a t i o n  of t h e  a n g l e  of inc idence  + by r o t a t i n g  
t h e  d e t e c t o r  u n i t  r e l a t i v e  to  t h e  cel l  i n  order to 
f i n d  t h e  Jicl 1 - p o s i t i o n  of maximum d i f f e r e n c e  of 
transmission AT($) between the  f i e l d  on and off  state. 
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TILT BIAS ANGLE MEASUREMENT WITH IMPROVED SENSITIVITY 23 

Step 6 : Rotation of the cell toqether with f ixed de tec tor  u n i t  
i n  t h e  magnetic f i e l d  and search f o r  t h a t  m s i t i o n  
where t h e r e  is no difference between t h e  f i e l d  on and 
o f f  state. The angle hetween t h e  f i e l d  d i r e c t i o n  and 
t h e  cell s u r f a c e  then e q u a l s  t h e  t i l t - b i a s  angle. 

The amount of t i m e  needed f o r  one measurement p r o c e d u r e  
c a n  be d r a s t i c a l l y  reduced  by approximat ing  t h e  c u r v e  o f  
s e n s i t i v i t y  ( t o  be measured i n  Step 4 & 5 )  by t h e  d e r i v a t i v e  of 
t h e  t r a n s m i s s i o n  w i t h  respct  to t h e  angle  of inc idence  ( a s  
m e a s u r e d  i n  S t ep  3 ) .  

EXPERIMENTAL R E S U L T S  : 

We have appl ied t h i s  technique to m a s u r e  t h e  t i l t -bias  angle  
of a PCH-BQI l iqu id-crys ta l  mixture (p roduc t  ZLI 1132 by Merck) 
a l i g n e d  by a l a y e r  of p o l y i m i d e .  
The a p p r o p r i a t e  a n g l e  of i n c i d e n c e  $o I w a s  d e t e r m i n e d  
accordiq to step 5 o f  t h e  measuring rout ine .  Figure 7 shows 
t h e  curve of t h e  f i e l d  induced changes i n  t ransmiss ion  as a 
f u n c t i o n  of the angle of incidence; t h e  mxima were found to  
be a t  2 2 . 5  and  2 5  d e q r e e s  r e s p e c t i v l y .  

A T  - -  
G Aa = const H =  H o Z H K  

-30 -20 -10 
$ : 2 2 , 5 O  

0 2  

F I G U R E  7: T r a n s m i s s i o n  

= 2 S 0  

A T (  9 )  , Act = c o n s t a n t  

'To p i n t  c u t  the  advantages of t h i s  m d i f i e d  lnethod we canpared 
it to t h e  measurement with the l a s e r  beam f ixed  perpendicular  
t o  t h e  m a g n e t i c  f i e l d .  
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24 6. 9. KOSMOWSKI, M. E. RECKER, R. A. CREMERS and D. A. MLYNSKI 

Figure 8 i l l u s t r a t e s  these difference:  it shows t h e  changes i n  
t ransmiss ion  f o r  both condi t ions  of measurement. Curve A (for 
f i x e d  laser p o s i t i o n )  e x h i b i t s  no f i e l d  induced changes of 
transmiss ion i n  a considerable  range around t h e  nu1 1-pm it ion 
and t h u s  d i s a b l e s  an  accurate de termina t ion  of t h e  t i l t -bias  
a n g l e  

\ 

\ 
\ 

\: Jt = +,, 141 

0 -  

\,/b 
\ - 

- 8  -6 - L  -2  O \  2 L 6 B e  

F I G U R E  0 :  Changes  i n  t r a n s m i s s i o n  A T  ( 0 )  
c u r v e  A: $10 c u r v e  R: $ = $0,- c o n s t  

Curve B (modified method) shows a l i n e a r  shape t h u s  enabling 
l i n e a r  i n t e r p l a t i o n  and it i n t e r s e c t s  t h e  0 -axis a t  the value 
of t h e  t i l t -bias  angle  ao, which i n  t h i s  case w a s  determined 
t o  he  0.35 & 0 .05  d e g r e e s .  

CONCLUSION: 
The  main a d v a n t a g e s  of o u r  m o d i f i e d  method are:  
- improved s e n s i t i v i t y  e s p e c i a l l y  i n  t h e  c a s e  of t h i n  l a y e r s  

of l iqu id-crys ta l s  and small t i l t-bias a r q l e s  as induced by 
p o l y m e r  f i l m s .  

- a p p l i c a b i l i t y  f o r  both quasi-planar  and quasi-  haneotropic  
t e x t u r e s  

- m e a s u r e m e n t  p r o c e d u r e  is s imple and f a s t  
- small size of t h e  s p t  being measured raises p o s s i b i l i t i e s  

for evaluating t i l t - b i a s  a q l e  p r o € i l e  over t h e  cell surface. 
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