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LIQUID CRYSTAL LIG€XT VALVES WITH ORGANIC 
POLYMERIC PHOTOCONDUCTORS 

VLADIYIR MYLNIKOV 
Mechanical I n s t i t u t e ,  198005 Leningrad, USSR 

Abstract It has been suggested t o  use organic 
polymeri'c photoconductors i n  the  l i q u i d  cry- 
s ta l  l i gh t  valves instead of widely used in- 
organic ones. Light valves with photoconduc- 
t i v e  sens ib i l ieed  polyimides with various ty- 
pes of e lec t ro-opt ica l  e f f e c t s  i n  l i q u i d  cry- 
stals were constructed and tested.  The in- 
f luences of the read-on light regimes and con- 
t r o l  voltages qere  analysed, High reso lu t ion  
up t o  1500 m- at  d i f f r ac t ion  e f f ic iency  
0.1$, and 4@ a t  space frequencies up t o  100 
mm'1 were obtained in  
holograms can be e f f ec t ive ly  read on such mo- 
dula tors  i n  revers ib le  mode i n  real  time, 
The r e s u l t s  obtained permit t o  come t o  a con- 
c lusion about psospects of the organic poly- 
meric photoconductor usage i n  l i q u i d  c r y s t a l  
light valves and appl icat ions of  the  l a t t e r  
f o r  input and output of the op t i ca l  informs-: 
t ion . 

pulse regimes. Thin 

Various types of inorganic photoconductors have 
been widely w e d  i n  l i q u i d  c r y s t a l  (LC) l i gh t  
valves. Bunctional p o s s i b i l i t i e s  of such systems 
permit t o  use them i n  optoelectronics,  hologra- 
phy, l a s e r  l igh t  modulation etc.  Eer photosen- 
s i t i v e  mater ia ls  a r e  needed f o r  such devices f o r  
increasing the number of its excel lent  fea tures .  
Here we report  aome cha rac t e r i s t i c s  of the  spa-  
t i a l  light modulator (SLM), where organic poly- 
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598 V. MYLNIKOV 

mers were used as photoconductors. The usage of 
the polymeric photoconductors in LC l igh t  valve 
was first reported i n  . 
Vie used SwlI w i t h  3 cm in diameter, where the po- 
lymeric f i l m  of 2720pm thickness an8 LC f i l m  of 
2-20ym thickness were sandwiched between the  
transparent indium oxide electrodes on the g laes  
plates .  Sensibi l ized for blue-green o r  red l igh t  
photoconductive polrimidea and LC mixtures of 
cpnobiphenj ls  and axombenzene w i t h  pos i t ive  
d i e l e c t r i c  aniaotropy and anisotropy of the  index 
of re f rac t ion  0.2 were used. Alignment of t he  I;x: 
molecules wae secured by evaporation of the  ger- 
manium o r  s i l i c o n  dioxide i n  vacuum at the angle 
of 85" t o  the  substrate.  SLM based on the  e lec t -  
r i c a l l y  control led birefringence type, t w i s t  ef-  
f e c t s  and cholesteric-nematic phase t r a n s i t i o n  
have been constructed and tes ted.  The input image 
was formed b7 means of a continuous HeCd l a s e r  
l igh t  a t  the wavelength of 440 nm o r  pulse  l a s e r  
a t  the wavelength of 530 nm i n  various regimes. 
The reading of an image was rea l ized  b3 a con- 
tinuous He-He l a s e r  a t  the wavelength of 630 nm 
o r  by a white light i n  a transparency mode. DC 
voltagee were applied t o  SLM electrodes.  E lec t r i -  
c a l  vector d i rec t ion  f o r  the read-out l i g h t  w a s  
perpendicular t o  the one of the read-on light 
and coincided w i t h  the d i r e c t o r  d i r ec t ion  on the 
l i g h t  illuminated SLM side.  Sens i t i v i ty  (W), r i s e  
and decay (Ton, Toif) times, reso lu t ion  (R), d i f -  
f r ac t ion  e f f i c i enc r  (Q ), versus spaee frequency 
(A) and o the r  parameters were investigated.  S i -  

1-3 
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LIQUID CRYSTAL LIGHT VALVES 599 

nusoidal grating was constructed on SLBI by two 
interesting, interfering laser beame with 75% 
modulation depth in the case of the holographic 
measurements. I waf3 defined as the ratio of the 
light intensity passed in the first order dif- 
fraction to the whole intensity of the readfng 
light. The accuracy of the definition is about 
15-2&, Response time Ton and Toif was defined 
as the time needed for increasing (decreasing) 
from 0 to 0,g (from 1 to 0.1) of its maximum 

values beginning from the switching on of the 
read-on light. DC control voltages were 10-70 V. 
High polarity dependence of the modulator para- 
meters has been experimentally established, The 
positive direction of the abscissa axis on the 
figures coincides with the positive bias at the 
photoconductor. 
Photosensitivity spectra of SUd are show in Mg.1. 

FIGURE 1. Photosensitivity spectra of the pho- 
toconductive polymer - liquid ems- 
tal structure with positive (right) 
and negative (left) bias on the ~ h o -  
tocond‘irctor. Voltages in V 80 (1; 1’) ;  
20 ( 2 ,  2’). 
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V. MYLNIKOV 600 

The sensibilized photosensitivity is spread up to 
600 nm and has a maximum at the wavelength 500 nm 
at positive and 530 nm at negative bias voltages 
on photoconductor. Positive sign of the dominant 
charge carriers in polymeric photoconductor seems 
to be confirmed from comparing the photocurrent 
values at different bias. The shift of the main 
maximum of ca 30 nm with the polarity change ap- 
parently indicates the potential barrier exist- 
ence at the photoconductor - liquid crystal in- 
terface. The physical nature of such barrier is 

The existance of such barrier was confirmed by 
current-voltage characteristics of the SLM which 
were typical for rectifying structures, and pho- 
toelectromotive force of ca 0 ,3  eV, the sign of 
which was the same no matter which side was lit. 
Rectification coefficient at 20 V was equal t o  
20 in the dark and t o  3 with the read-on light. 
The essential influence of this rectifying barri- 
er on all parameters of the light valve has been 
estsblished. Later on SLM Char8Cteri6tfCS at va- 
rious conditions will be considered. 
SLY transparency versus the intensity of the re- 
ad-on light of the continuous He-Cd laser at dif- 
ferent voltages for twist type modulator is shown 
in Pig.!?. The threshold character of the electro- 
optical effect in liquid cqatal and aspmetry in 
transparency versus voltage polarity can be ob- 
viouslr seen. The latter can be explained by the 
photogeneration of the charge carries predominan- 
tly of a one sign (holes) and barrier formation 

most probably the same as considered in Ref. 4 . 
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LIQUID CRYSTAL LIGHT VALVES 601 

PICURB 2. lhist type mdulator. Transparency 
versus intensity of the read-on l ight  
at control voltagee V 25(1);  30(2); 
50(3). 

at  the photoconductor - LC interface mentioned 
above and described in details4. Pull contraet 
eensit ivity rae 2- W/cm2, contrast ratio -50. 
Minimal response on and off times were 0,l and 
0,5 see accordingly in this type of regime, Modu- 
la t ion  function of the t w i s t  tme SLM at continu- 
ous time regime is  shown on $ig,3.&imiting reso- 

mm-' 

PICURE 3. Modulation function of the t w i s t  type 
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602 V. MYLNIKOV 

modulator at continuous read-on 
l i g h t  regime . 

l u t i o n  up t o  300 mm-' and reso lu t ion  up t o  85 
mm-' a t  the half of the max imum Qva lue  have be- 
en reached. The arrow on the f igu re  shows t h i s  
position. The l imiting resolut ion was apparently 
much less than its r e a l  value because vibrat ions 
of t he  set up have not been completely eliminated. 
Holography s e n s i t i v i t y  of the SLM was 1 J/ 

Transit ion t o  the cornmutational regimes and elec- 
t r i c a l l y  control led birefringence type modulators 
permitted t o  improve subs t an t i a l ly  the s t ruc tu re  
parameters2. Diffract ion eff ic iency,  on and off  
times versus voltage a r e  shown i n  Big.4 f o r  l a s e r  

om% . 

FIGURE 4. Elec t r i ca l ly  control led birefringence 
type modulator i n  commutative regime. 
Diffract ion e f f ic iency  versua q l t a -  
gee i n  space f r e  uencies i n  mm . 
10( 1 ) ; 2 8 ( 2 )  ; d 3 )  . Turn on response 
time versus vo l t  e s  a t  space frequ- 
encies i n  mm-1 1?19);36(29);60(3v). 
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LIQUID CRYSTAL LIGHT VALVES 603 

l i g h t  i n t a n s i t y  5 .  W/c&. The w r i t i n g  has beap 
made by l a s e r  l igh t  pulses of wavelength 530 urn 
lasting from 0.1 t o  2 sec. Diffract ion e f f ic iency  
value of 23% a t  10 V w a s  obtained and th i s  value 
has not been p rac t i ca l ly  changed up t o  A = 60 
ma-’. Monotonic decrease of the  d i f f r a c t i o n  ef- 
f ic iency  has been observed w i t h  voltage increase 
f o r  high A more rapidly than f o r  low A . For 
exanple resolut ion,  defined as A a t t r i b u t e d  t o  
0.8 9 value was 45 m-’ at 40 V. On-times f o r  
d i f f e ren t  A values were ca 15 m e c  a t  voltages 
more than 40 V (Fig.$). It was establ ished that 

7 and Ton depended on the read-on l igh t  inten-  
s i t y  up t o  3 10-4 w/cm2. Holographic sena i t i v i ty ,  
defined as the  read-on l i g h t  exposit ion needed 
f o r  reaching 1% d i f f r ac t ion  eff ic iency value, w a s  
3 lom7 J/cm% at V = 40 V and A 
Storage time of the image can vary from seconds 
t o  hours f o r  d i f f e ren t  regime types. 
The m a t  remarkable results were obtained i n  the  
case of l a s e r  l ight  pulses lasting - 20 nsec and 
energy densi ty  up t o  2 mJ/cm . One can expect the 
following r e s u l t s  i n  such a regime of t he  read-on 
l i g h t  : 1. increase of the  SLM resolut ion due t o  
decrease of the t ransverse spreading of t he  char- 
ges in photoconductor and i t s  i n t e r f m e  w i t h  li- 
quid c r y s t a l ;  2. Ton decrease due t o  the photocur- 
r en t  increase a t  high exci t ing power; 3. exclusi- 
on of the s e t  up vibrations.  
Modulation function f o r  this  type regime has been 
shown a t  d i f f e ren t  l i g h t  i n t e n s i t i e s  of the read- 
on light i n  Pig.5. Resolution, defined at 0.5/1 

= 28 mm-’. 

2 

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
 1

3:
15

 1
9 

Fe
br

ua
ry

 2
01

3 



604 V. MYLNIKOV 

value increase from 230 mm-' t o  320 amo1 w i t h  
energy density increaee from 10 &/om t o  320 
d/cm2 . 

2 

FIGURE 5. Modulation function of the e l e c t r i -  
ca l ly  controlled birefringence type 
modulator a t  pulse l a s e r  read-on 
l i g h t  last 2 nsec and ower den- 
s i t y  in ?cm9 l O ( 1 ) ;  3 0 f 2 ) ;  250(3) 

yazimum value of the d i f f r ac t ion  efficiency w a s  
36% a t  A = 900 mm-' L i m i t i n g  regis tered reso t  
lution was 1500 mmo' with 
we know such resolution is the highest f o r  LC 
light valves. To, and versus voltages axe 
shown i n  big.6. The experimentally reached mini- 
mum To, was 2 0 0 p s e c .  Toif varied from 0.3 t o  
1 see. lt was established tha t  To, and Toif were 
independent from A . Holographic sens i t i v i ty  

The LC thickness a re  leas o r  close t o  the distan- 
ce between neighbouring l i n e s  ( A of the re- 
cord grating i n  a l l  the modulators investigated. 

= 0.1%. A6 far a8 

was 5 1 8  W/cln2%. 
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LIQUID CRYSTAL LIGHT VALVES 605 

FIGURE 6. Diffraction efficiency and turn-on 
times i n  the pulse regime versus vol- 
tages a t  energ density of the read- 
on l ight 4-10-3 J / c d  and space f r e -  
quencies 100 mm'l (1 ) and 330 mm-1( 2). 

So the s t ruc ture  presents a t h in  phase hologram, 
d i f f rac t ion  efficiency of which obeys the  formula  

where 4 - Bessel function of the f irst  order, 
L\Y - modulation depth, ~ f 2  - amplitude of 
the index of refract ion modulation. /I has its 
m a x i m u m  value a t  9 3 2 radian. Sinusoidal 
charge d is t r ibu t ion  can be concentrated on the 
photoconductor 7 LC interfawe o r  i n  the photosen- 
s i t i v e  material i t e e l f  according to  the theory 
developed in6. We have f ind  a correlat ion between 
theory and experimental r e su l t s ,  i f  the volume 
d is t r ibu t ion  of the charges i n  the photoconductor 
w a s  taken in to  account. BBaxirnum Q = 40% obta- 
ined, p rac t ica l ly  coincide w i t h  l imit ing theore- 
t i c a l  values f o r  t h in  phase holograms i f  high po- 
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606 V. MYLNIKOV 

wer density of the read-on l i g h t  sinusoidal d i e t  
t r i bu t ion  of the charge turning i n t o  the rectan- 
gu lar  one is taken in to  account. The Ton decrease 
to  2 0 0 ~ s  at  high power pulses has been condi t iy  
oned by the cha rac t e r i s t i c  charge t i m e  decrease 
i n  such a regime. The ca lcu la t ion  of the charge 
time of the equivalent scheme i n  the form of se- 
r i e s  connected res i s tances  of the  photoconductor 
and LC shunted by its capacitances has y i e ld  the  
value 3 0 0 p s e c .  The independence of the respon- 
se  times from A i n  the pulse regime demonstra- 
t e s  the negl igible  transverse charge spreading 
during i ts  t r a n s i t  across the photoconductor and 
accumulation a t  the polymer 7 LC intttrfaae. Tran- 
si t  t i m e  de f in i t i on  of the d r i f  mobility obtai-  
ned gave the value of 2 . lo  -5 cm/Vsec. 
High values f o r  d i f f r ac t ion  e f f ic iency  and reso- 
l u t i o n  permitted t o  reproduce c l a s s i c a l  Gabor ex- 
periment, w r i t i n g  of the l e n s  hologram. High ef-  
f ic iency  of the  SLM w i t h  photoconductive polymer 
as the  phase revers ib le  material permits t o  use 
th i s  type of s t ruc tu res  as the elements f o r  input 
and outpuC of  the op t i ca l  information, i n  opto t  
e lectronics ,  f o r  in- and out- resonance modulati- 
on of the l a e e r  l i g h t .  l o t  only parameters b u t  
record regime optimization a re  necessary f o r  so- 
l u t ions  of concrete problems. Experimentally ob- 
ta ined parameters a t  the  pulse write-on regime 
a r e  p rac t i ca l ly  v e q  c lose  t o  the theore t ica l  va- 
l u e s  f o r  t h i n  phase hologram. High resolut ion,  
mechanical and e l e c t r i c a l  s t a b i l i t y  make the  usa- 
ge of the organic polymeric photoconductors i n  

!? 
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LIQUID CRYSTAL LIGHT VALVES 607 

SLM very perspective. 
I am greatly indebted t o  drs Kotov and Vasilenko 
for polyimide f i lms .  
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