
Ferroelectrics, 1980, Vol. 26, pp. 851-854 
0015 -0193/80/2603-085 1 $04.50/0 

0 Gordon and Breach, Science Publishers, Inc. ,  1980 
Printed in the United States of America 

IBW !l?YPE OF PHOTOGBLVBZBIC CUBBENT IN FERROEIZCTRICS 

V.I. Belinicher, V.K. Malinovslcy, B . I .  Sturraan 
I n s t i t u t e  of Automation and Electrometry Siberian Branch 

of the USSR Acad. Sci., Novosibirsk, 630090, USSR 

The current which is proportional t o  the degree of light 
circular  polarization is discused. It is shown that this 
me of current can be detect;ed by the opt ical  record- 
holographic l a t t i c e .  

Photocurrent in the c rys ta l s  without symaetxy center is quad- 
r a t i c  with respect t o  l i g h t  wave f i e l d  fa 
electric f i e l d  is absent: 

when the  constant 

is p h o t o g a l d c  (PG) tensor. The Prost inportant preculiarity PijE, 
of -effect is dependence upon the l i g h t  polarization. I n  par t icu lar  
there is contribution t o j p  
t ical  polarised l i g h t  

which does not equal zero for ellip- 

The current (2) is proportional to degree of light circular  polari- 
zatioa 8 : 6 = xE*\/lf \  and it wars observed in semiconductor 
c rys ta l  Te [ 31. I n  the crystals of symmetry classes  C3,,, Cqv 8,” 
which contained the w e l l  known f e r roe lec t r ics  & ria, , ,!, i Nbo3 
and others, t h e  c i rcular  photocurrent (2) is deterrained by a single 
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constant: j! .  = j  &. ce , where c is the vector along polar 
direct ion of crystal .  

The microscopic eheory of photocurrent (2) w a s  suggested in 
the papers [ 2,3,7] . The or igin of photocurrent according t o  paper 
[2] is aspmetry of the dipole matrix element of impurity-band tran- 
s i t i o n  and band-band t ransi t ion:  D,, # fDk  

is valid. In t h i s  case the probabili ty of ionization 
i s  asymmetric, i .e.lD-k € 1  # l D k E l  i f  € * # E  , which is the 
or igin of photocurrent [2]. In  the papers [3,73 the  or igin of photo- 
current w a s  a s m e t r y  of the  spin-orbit interaction. !The photoelec- 
trons come in conducting band polarized, and the  spin polarization 
leads t o  photocurrent due t o  intraband spin-orbit interaction. 

Le t  us pay a t ten t ion  t o  important property of current (2): i n  
many f e r roe l ec t r i c  c rys ta l s  par t icu lar ly  in crys ta l s  w i t h  symrnetry 

C J V ?  c4v 7 ‘6, 
Really, the product [ E X€ * ]  
equal t o  the difference of ordinary and unordimry wave vectors f o r  a such direct ions i n  which the tensor pij  is not e q a l  t o  zero. In 
the s ta t ionary state the current l i n e s  must be closed, therefore 
the current domains form i n  the crystal. The current l i n e s ,  f o r  in- 
stance, ~ a a y  be directed perpendicularly t o  l i g h t  propagation direc- 
t i on  and close on the illumination boundary. The t o t a l  current which 
f low through t h e  c rys t a l  is equal t o  &ero in this case. -effect 
can be detected b7 the opt ica l  recording of holographic la t t ice ,and 
the holographic l a t t i c e  recording is possible even if  t h e  usual 
dr i f t  and diffusion mechanisms do not lead t o  the recording such si- 
tuat ion is real ized,  f o r  example, when incident waves have the ortho- 
gonal polarizations. The refract ive index l a t t i c e  arises due t o  
e l e c t r i c  f i e l d  of charges separeted by current transport, 

4 l  a w,> 

, when the condition 

D;=LLk  e 2 

, the photocurrent (2) is not uniform i n  space. 
o sc i l l a t e s  in space w i t h  frequency 

*) At present the  essent ia l  photocurrent dependence upon l inear  
l i g h t  polar izat ion w a s  detected i n  some semiconductors [4,5]. 
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where E is e lec t ros ta t ic  f i e l d ,  and 0 C i ~ ' g  is electrooptic tensor. 
The field € can be determined i f  we equate w i t h  zero the component 
longitudinal t o  interference s t r i p  of t o t a l  current, 

where A,,* are  l i g h t  wave vectors, 6 is conductivity of the 
crystal .  On the basis of r e l a t ions  (21, ( 3 ) ,  (4) using the  standard 
method one can eas i ly  calculate diffractive efficiency g 
cording l a t t i c e  [g] 

of re- 

where e is the  cy r s t a l  length, n is refracteve index, p S ,  is 
electrooptic constant, I,,, 
Formula (5) can be applied only i f  ?<<I  , when d i f f rac t ive  e f f i -  
ciency is  large the influence of d i f f rac t ion  wave on the recording 
process should be taken i n t o  account [I?]. This nonlinear groblera 
was t reated in  detail in paper [g]. It was shuwn i n  this paper that 
the energy interchange processes are  determined by the imaginary 
part  of =-tensor pij f  . In t h i s  case the pro- 
cesses of strengthening or weakening of wave amplitude are deter- 
rained by t he  s ign of PG-constant/Q , and they do not depend f r o m  
the correlation of the l i g h t  wave8 in tens i t ies .  

cording of the holographic la t t ice  help t o  deternine the s t ructure  
of -tensor j i j e  i n  f e r roe l ec t r i c  crystals. 

are in t ens i t i e s  of recording beams. 

i.e. by /$- 

We beleive that  described the pecn l i a r i t i e s  of the  opt ical  re- 
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