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L I Q U I D  CRYSTAL ELEMENTS OF U S E R  OPTICS. 
',WE OPTICAL ISOIATOR 

TA DElJSZ CESARZ f STAN ISUW K EOSOW i CZ: EDdAI?D 
NOWII\JOWSKI-ICRIJSZELXICKIX AND JdZEF & I J A X  
'Kaliski I n s t i t u t e  o f  l aser  Microfusiovi and Plasifia 

xIr,s t i t u t e  of Technical Physics  \L$T, u l .  Ral iskiego,  
Physics,  111. Radiowa, Warsaw, POl,A?\D. 

00908 Warsaw, POLAND. 

-----..-- Abstract The skudies  have been done on t h e  p o s s i b i l i -  
t y  of  l i q u i d  c r y s t a l s  app l i ca t ion  f o r  t he  o p t i c a l  
isolation of laser  systems. Tie appropr ia te  e l cnen t s  
containing d i f f  ereiit mesogenic materials have been 
made. 't'he r e s u l t s  suggest that these elements are 
very use fu l  i n  l a s e r  systems. 

In  t h e  case  of  t h e  i n t e r a c t i o n  o f  high-power-~.aser-rQ- 
d i a t i o n  with t h e  target the protect ion of laser i s  ne- 
cessary*  The p a r t  of r e f l e c t e d  beam r e t u r n s  to the ge- 
nerating system and can damage t h e  o p t i c a l  elements. The 
task of  t h e  op t i ca l  isolators placed i n  the beam path 
i s  t h e  transmission of: r a d i a t i o n  emitted and high dam- 
ping of  returned beam. Up to now t h e  Fasaday's r o t a t o r s  
have been used as t h e  o p t i c a l  i s o l a t o r s  Flecent re- 
sults suggest  t h a t  t h e  same role can p l a y  the t h i n  pla-  
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n a r  l a y e r  of  choles - te r ic  l i q u i d  c r y s t a l  (CLC). 
The l iqu id -c iys t a l -op t i ca l - i so l a to r  (LCOI) works on 

t h e  base  o f  well-known e f f e c t s :  t h e  c i r c u l a r  d.ichroisrn 
and t h e  s e l e c t i v e  l i g h t  ref lect ion.  The CLC l a y e r  ref- 
l e c t s  t h e  c i rcu l -a r  po la r i zed  wave having t h e  polariza- 
t i o n  sense the  same as t h e  CLC h e l i c a l  t w i s t  sense arid 
t r a n s m i t s  t h e  wave having the oppos i te  sense of  p o l a r i -  
zat ion.  

EXPERIMENT A L, -------._-_-- 

All s t u d i e s  have been done for YAG:Nd3+ laser w i t h  wa-  
ve lengthh0=1,06  rm which worked i n  normal mode (ri=0.3 
ms), Q-switched mode (ri=30 ns )  and r e j e c t e d  pu l se  made 
(ri=l n s ) ,  'The 
by means o f  Beckman 5170 spcctrofo-tometer. 

Because of temperature h i s k e r e s i s  and s t rong  tcmpe- 
r a t u r e  dependence o f  a. of c h o l e s t e r o l  e s t e r  mixtures  
the s t u d i e s  have been done f o r  t h e  mixtures o f  nematic 
and ch i ra l  compound: hexylcyanobiphenyl + c h o l e s t e r o l  
c h l o r i d e  ( A ) ,  llerclr L i c r i s t a l  ZLI-2457 -+ 4,!ts-di(2-me- 
thy1)b-u Lyloazoxybcnzene (B) and W5CL3 mode by NAT (C) . 

The example of  temperature dependence of A. is shown 

Ln Fig.7, For these  mixtures  the va lues  of  t ransmission 
c o e f f i c i e n t s  t' f o r  the  mode with the c i rcu l -a r  po lar iza-  
t i o n  sense the same as  the  h e l i c a l  t w i s t  sense and t- 
f o r  the oppos i te  mode have been measured by %he system 
shown in Fig.2. Then -the c o n t r a s t  r a t i o  

o f  CLC mixtures have been con t ro l l ed  

K=--- t- 
t+ 

has been ca lcu la t ed  ( see  Fig.3). The experfmental 
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e r r o r  of K was 5 per cent and r e p r o d u c i b i l i t y  was 10 
per  cent, The c e l l s  w i t h  d i f f e r e n t  th ickness  and surfa- 
ce conditions have been made by common LCD technology. 
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FIGURE 1, ?'he temperature dependence of  xo f o r  mixture, 
m e  spectral  railge o f  se lect ive reflection is shaded. 

The c o n t r a s t  r a t io  o f  CLC depends on the beam elli- 
p Licity 

E =---- E l  t (2 1 
E2 

where E' and 6 are  the  r a d i a t i o n  energ ies  measured 
p a r a l l e l l y  'nshorter  and longer a x i s  of  p o l a r i z a t i o n  
e l l i p s e ,  respec t ive ly .  The has been changed by ad- 
j u s t i n g  o f  the vol tage on the Pocke l s '  c e l l  (see Fig.4). 
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quarter-wave 
plate 

c LC 
layer 

FIGURE 2. The system f o r  c o n t r a s t  r a t i o  measurements. 
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FIGURE 3. The temperature  dependence of  K f o r  12 prn 
th ick  l a y e r  o f  the  mixture C. 
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0,l 0,2 0,4 0,8 0,9 

FIGURE 4. The beam e l l i p t i c i t y  dependence of  t o t a l  
transmission of 12 m thick layer  of t he  mixture C. Y 

The values o f  cont ras t  r a t i o  were 50-70. They were inde- 
pendendent o 
They were higher f o r  mosaic layers than f o r  s t r i c t l y  yla- 
n a r  l a y e r s .  The maximin va lues  o f  K were obtained f o r  
l a y e r s  3 0 p ,  but the  thickness dependence of  K w a s  re- 
l a t i v e l y  weak. The s h o r t e r  were Ti, t h e  l o w e r  was K. The 
L C O I  has  many adventages:  s i m p l e  technology, low c o s t ,  
high a p e r t u r e ,  absence o f  -power s u p F l y ,  h igh  cor i t ras t  
r a t i o .  
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