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A number  o f  med ia  su i tab le  fo r  the  record ing  o f  phase ho lograms in  the  dynamic  reg ime are

known a t  p resent .  These are  fe r roe lec t r i c  c rys ta ls ,  in  wh ich  the  change o f  the  re f rac t i ve  index

i s  d u e  t o  a  r e d i s t r i b u t i o n  o f  t h e  s p a c e  c h a r g e s  [ 1 ]  a n d  t h e  t i m e  c o n s t a n t  f l u c t u a t e s  b e t w e e n  0 . 1

a n d  1 0 3  s e c ,  s o l u t i o n s  o f  a b s o r b i n g  n e d i a  w i i h  r e c o r d e d  t h e r m a l  h o l o g r a m s  ( 1 0 - u  -  1 0 - 6  s e c )  l 2 l ,
a n d  s i l i c o n  c r y s t a l s  ( ( 2  -  5 )  1 0 - 8  s e c )  t 3 ] .  W e  r e p o r t  h e r e  t h e  r e s u l t s  o f  a n  i n v e s t i g a t i o n  o f

dynamic  ho lograph ic  g ra t ings  in  CdS crys ta ts ,  w i th  a  charac ter is t i c  l i fe t lne  no t  la rger  than

5 x l 0 - 9  s e c ,  i . e . ,  t h e  s h o r t e s t  k n o w n  a t  p r e s e n t .

To  record  the  ho lograms we used the  beam o f  a  Q-swi tched ruby  lase t ,  opera t ing  in  a

s ing le - t ransverse  mode reg ime.  The Q-spo i le r  was  a  so lu t ion  o f  c ryp tocyan ine  i -n  e thano l .  The

laser  beam was passed th rough a  b ip r ism,  and the  resu l tan t  two beams converged a t  an  ang le  20r .

A  p lane-para t te l  CdS crys taL  o f  th ickness  t  =  0 .1  cm and w i th  po l i shed faces  was p laced in  the

t "g ion  o i  max imun over lap  o f  the  beam.  The l igh t  p roduced in  the  c rys ta l  a  p r iod ic  d i$ f r ibu t ion

of  the  re f rac t i ve  index ,  and the  l igh t  was  d i f f rac ted  by  the  resu l tan t  g ra t ing .  Bes ides  the  two
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F ig .  1 .  Se l f - d i f f r ac t i on  o f  r uby - l ase r  rad ia t i on  by  t he
recorded grat ing.  The d is tance between d i . f f ract i .on
o rde rs  i s  20  m inu tes  o f  a r c .

t ransmi t ted  zero-order  beams,  the
" j 1 "  a n d  h i g h e r  d i f f r a c t i o n  o r d e r s
were  a lso  observed pas t  the  c rys-
t a 1  ( F i g .  1 ) .

A t  a  r e c o r d i n g - r a d i a t i o n
power  on  the  order  o f  50  MW/cm ,
t h e  d i f f r a c t i o n  e f f i c i e n c y ,  i . e . ,
t h e  r a t i o  o f  t h e  i n t e n s i t y  o f  t h e
d i f f r a c t i o n  o f  o r d e r  ' r 1 1 "  t o  t h e
in tens i - ty  o f  one o f  the  j_nc ident

beams was " "  4%.  Success ive  record-
ing  o f  ho lograph ic  g ra t ings  in  one
and the  same loca t ion  in  the  c rys-
ta l  fa i led  to  show any  accumula t ion
ef fec ts  whatever .

The ruby-1aser radiat ion 1 i -es in  the t ransparency region of  crysta l l i .ne CdS. The very
weak absorpt ion (B = 0.02 cm/MW) [a]  is  due to two-photon t ransi t ions to the conduct ion band.
The suf f ic ient ly  h igh d i f f ract ion ef f ic iency,  the presence of  d i . f f ract ion orders h igher  than the
f i r s t ,  and  a l so  t he  weak  i n i t i a l  abso rp t i on ,  a l l  o f f e r  ev idence  tha t  t he  ho log raph i c -g ra t i ng
record is  of  the phase type.

At  a g iven convergence angle and crysta l  th ickness,  we have in accordance wi th the Kogeln ik
c r i t e r i on  [ 5 ]
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z
and a  th in  phase ho logram shou ld  be  observed.  The presence o f  many d i f f rac t ion  orders  conf i rms
th is  assumpt ion .  The in tens i ty  o f  the  "m =  26 t t  o rder  o f  the  d i f f rac t ion  can in  th is  case be
determined from the formula

t m  -

Q =  8 r t

A

,'^(ry),
where  J* (2nAnt / l )  i s  the  va lue  o f  the  Besse l  func t ion
the  phase advance 2nLnt /X  over  the  gra t ing  th i ,ckness ,
pu lse .  Hence,  knowing the  e f f i c iency  o f  the  ho logram
the depth  o f  modu la t ion  o f  the  re f rac t i ve  index

of  o rder  m when i t s  a rgument  i s  equa l  to
and I  i s  the  in tens i ty  o f  the  recorded
we can es t imate  the  order  o f  rnagn i tude o f

A n  =  l 0 - ' .

T h a  r o m n n r a t  c h a r a c t e r i s t i c s  o f  t h e  r a d i a t i o n  w e r e  i n v e s t i g a t e d  w i t h  t h e  a i d  o f  a n  o s c i l -
l o s c o p e  a n d  a  c o a x i a l  p h o t o c e l l  w i t h  a  r e s o l u t i o n  n o t  w o r s e  t h a n  1 . 0 - e  s e c .  T h e  r u b y ' - l a s e r  p u l s e
was syrmet r ica l  in  fo rn  and i t s  dura t ion  was 15  -  20  nsec .  The dura t ion  o f  the  d i f f rac ted  pu lse
w a s  s n a l l e r  b y  a  f a c t o r  1 . 5  -  2  t h a n  t h e  l a s e r - p u l s e  d u r a t i o n ,  a n d  i t s  s h a p e  v a r i e d  s l i g h t l y
f rom sample  to  sample  (F ig .  2 ) .  Numerous  neasurements  have shown tha t  the  d i f f rac ted- rad ia t ion
pu lse  had a  very  s teep lead ing  f ron t  and a  somewhat  s t re tched ou t  t ra i l ing  edge;  the  la t te r ,  how-
ever ,  was  a lways  s teeper  than the  t ra i l ing  edge o f  the  record ing  laser  pu lse .

The sharpen ing  o f  the  d i f f rac ted  pu lse  and the  la rge  s lope o f  i t s  f ron t  ind ica te  tha t  in
t h i s  c a s e  t h e  c h a n g e  i n  t h e  r e f r a c t i v e
index  o f  the  rned ium,  wh ich  leads  to  the
appearance o f  the  phase gra t ing ,  i s  in -
deed non l inear  i "n  charac ter .

E a r l i e r  i n v e s t i g a t i o n s  [ 6 ,  7 ]  h a v e
s h o w n  t h a t  t h e  s e l f - a c t i o n  o f  r u b y - 1 a s e r
emiss ion  in  c rys ta ls  such as  CdS has  a
conp l ica ted  charac ter  and i . s  maL i fes t  in
a  compet i t ion  be tween pos i t i ve  and
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( B )  p u l s e s .  T o t a l  s w e e p
record ing  (A)  and
d u r a t i o n  5 0  n s e c .

d i f f rac ted
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negat ive  changes in  the  d ispers ion .  The mechan ism o f  the  pos i t i ve  change o f  the  d ispers ion  is

a u 6  t o  a  c o n s i d e t a b l e  d e g r e i  t o  t h e  n o n l i n e a r  p o l a r i z a b i l i t y  o f  t h e  e x c i t o n s ,  w h e r e a s  t h e  n e g a -

t i v e  c h a n g e  o f  A n  i s  c o n n e c t e d  w i t h  t h e  e x c i t a t i o n  o f  t h e  f r e e  c a r r i e r s .  B o t h  n o n l i n e a r i t y

nechan isns  are  iner t ia less  to  a  cons iderab le  degree (a t  leas t  fo r  t i rnes  on  the  order  o f  the  dura-

t i o n  o f  t h e  t a s e r  n u l s e ) .  F r o m  t h e  p e r f o r m e d  e x p e r i n e n t s  i t  i s  s t i 1 l  i m p o s s i b l e  t o  d e t e r m i n e

the  s ign  o f  the  change o f  d ispers ion  in  the  recorded phase gra t ing ,  bu t  f rom the  t ime var ia t ion

of  the  record ing  and d i f f rac ted  pu lses  one can conc lude tha t  the  induced changes o f  the  re f rac-

t i ve  index  vary  w i t .h  the  in tens i ty  o f  the  laser  pu1se,  w i th  a  t ime cons tan t  tha t  does  no t

e x c e e d  h a l f  t h e  d u r a t i o n  o f  t h e  d i f f r a c t e d  p u 1 s e .

CdS crys ta ls  o f  h igh  op t ica l  g rade can be  grown to  su f f i c ien t ly  J "arge  d i -mens ions .  A t  the

g iven va lue  o f  An,  i t  i s  pos i ib le  to  record  a  th ree-d imens iona l  ho logram wi th  a  d i f f rac t ion

" f f i c ien .y  up  to  severa l  dozen per  cent  in  a  sample  I  cm th ick .  Recogn iz ing  tha t  the  induced

changes o i  An depend on  the  wave length  and increase when the  in t r ins ic  absorp t ion  edge is  ap-

prou ih"d  [8 ,  g ] ,  one can record  the  gra t ing  w i th  ruby-1aser  emiss ion ,  and use fo r  the  image

iecons t ruc t ion  a  d i f fe ren t  spec t ra l  reg ion ,  where  the  depth  o f  modu la t ion  is  nuch h igher .

Another  way o f  inc reas ing  the  e f f i c i .ency  is  to  use  mixed c rys ta ls ,  in  wh ich  one can purpose ly

sh i . f t  the  in t r ins ic  absorp t ion  edge towards  the  work ing  wave length  o f  the  record ing  laser .

We note  in  conc lus ion  tha t  i .n  add i t ion  to  d i rec t  app l i ca t ions  in  ho lography ,  the  descr ibed

procedure  can be  used success fu l l y  to  inves t iga te  the  non l inear  charac ter i -s t i cs  o f  condensed

n e d i a .
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