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 We  have giox,v･li c:t'i//m  doped  sironL`.um  

'oaiiun:
 niobate  (Cc:S]3N60) singie-crystal  fibers, 2SO iLm-i  mm  in diameter,

alot.]g  ti/,c a-axl.s  bi, thc  lascr V.',eated pedestal  g/ owth  methcd.  

'I'he
 pToperLies  oi' holographic recording  in the fibeT are  in-

vestiga!ecL.  

'I'his
 i:.':er' is expec[ed  te  huN･e hi'gh -,ri･Lin.g. sensltivity due to lts Iarue rele'vunt Iigure oi' mcrit  and  relatively

vvide  grati=･g spacing,  Th.: diffraction ernciency  reac'･]e.s  more  thall 409,6 at 5O ms  for at:'ans='.itted obj  eet  beam  -･iLh  an  ex-

pos','re power  of  7S,2 x  2"Vv' , The  an  .guiar sensitivity is t.5 m/'ad  at a"  incic'tenL allglc oi' 21-. We  also  demonstrate i:･nage

re{]erdi/ng in the  fib:T･.

KEYWifORDS:  holograp･fi',c reccFaing,  photorefractlve effect,  cerium  doped  sifontium  barlum  niobate,  single

          :rystal  fiber, laser heated  pedeslal grow'/h, angular  sensitMty

Sl. ffRtrodiuctiepm

  Photoret'rntct:/ve elieet:,'o-g･ptic crystals  have been exten-
sively stuciied since  thcy  ka,ve attractive  characteristics

fsr hoiographge sto/ca.ge,''4) op[ical  interconnectisn, and

phase  eonjugatien  mirrors.5'S)  Em. particular, holographic

recording  using  a light-induced ehange  of  refractive  in-

d.ex (photorefractive effect) im elcctro-optic  crystags  sach

as  LiNbO3,i'2･4) ST.Bai -.N  tt/2Os  ･(SBN)]) was  one  of  the ma-

jlor themes  of  opticag  memcry  research  over  g5 years ago.

There  are  tvvo i'.mporta/･zt probiems  related  t.o the irn･･

.Di]emcrAtatign of  phetgrgfractive crystals  in hoaographic

r,eeording  systems.  One  
'ls

 
'wrat'/ng

 sensitivity  which  i's
affected  by thg  elect･ ro-cptic  coeencient  andi  the diegectrEc
constant  of  the crystal, andl al,so by  tke dopant in tk.e
･c;rystag whic'k  suppliies p･hotoionized frce eEectrons  in the
#onduction  banci. Be#ause the photorefractave efEect  is

proportionttl to tlhe nuwnbcr  of  absorbed  photons,  wr. itgng

i//s perfo/rmaed Tnoife  guickl,er as the powgr  increases. The

other  ls the  nuiliber  of  kologram,s which  can  be smaperim-

posed  fin a  given volume  oi( crystag,  and  this is ftfimited by

aT,igugar  segisitHvity.

  Un the sueceediRg  years, .rnany researchers  have
devoted thernselves to  discovering thc mechanism  oln

photerefyactive effects"'2) and  ･d"velopgng practica]
crystals. For  example,  cerium  dsped  SBN  was  found  to

have  a  high  writifig  sensitivity  by  Megumi  e,t aS,i3･i`)

However,  no  practical spticai  rrEemory  system  using

photorcfraetive crystalls  has yeE been developed, because
of  the i,mperfections in t'na. crystals,  their very  higk cost.,
t/ne lack of  a  smafi1  gight y.ouTce  with  adequate  power  and

modthgation  speed  at  visi,bl/e waveAengths,  and  th2  lack of
relatcd  components,

  Recelltiy, Hesseaink ent asS'. reporLe[1  holographic storage
fin tre  doped SBN  c-axis fiber and  mentioned  mamy  advan-

tages  of  fiber, type  photcrefractive materials.Lf'･i6)  Firstgy,

fiber type  crystaUs  are  easicr  tc. grow  than  bugk  crystals  us-354

ing the  laser heated pedestal growth  (LHPG) techniq-

ue.iT''20) Secondly, the  angulaT  sensitivity  of  muitiplexed  im-

agcs  in fiber incTeases because the  effective  interactiofl
length gncreases due to 'reffection ot' the  reference  beam  in
the fiber, and  each  stack  of  images is isolated from other

stacks  in adjacent  fibers, thereby  reducing  cross-talk.

Moreover,  each  fiber can  be assernbled  in a variety  ef  con-

figuratgons, The  combi,ned  use  of  photorefractive sfirmgle
crystal  fibers and  related  coffnponents,  such  as  thc  SffG

(second harmonic  generation) Iight source,  being devel-
oped  in current  studies,  will  enable  a  holographSc  recor-

ding system  to be realized.

  Thgs paper  describes the growth  of  Ce doped SBN
single  crystal  fibers along  the a-axis  by the  LHPG  techni-

que and  aaso  the basic properties of  holographic recor-
ding wgth  no  external  field applied  to the fibeT. Data on

holographic  gratang formation,  read-out  grating decay

and  angular  sensitivity arepresented  and  image  recording

in a-axjs  single  crystal  fiber is demonstrated.  :hese

results  show  that  cerium  doped  SBN  a-axis  fiber can  be a

holographic recording  rnedium  with  a  higher writing  sen-

sitgvity than  c-axis  fiber.

g2. Preparatiouti o"n SRN  Sicrggi2 Curysaag Fgbers

  Ceriurri 0.05%  and  0,e2%  doped Sro.6Bao.4Nb206 a-

axis  sgngle  crystal  fibers grewn  by  the  LHPG  ttechnique

are  shown  in Fig. 1(a). We  have  used  ceTium  deped  SBN

crystal  rods  about  7eO  ptgp-2 mm  in diameter and  up  Eo

20mm  in length as the source  materials.  SBN  singUe

crystag  fibers have been successfwlly  grown  along  both  the

a-  and  c-axes,  with  diameters of  100 ,scm to 1 mm  and

Iengths of  op  to 40  mm  at  a  speed  of  a few rrimfmin.  The
LHPG  techniquc is described an detagl in refs.  17, I8. The

fibers, cut  to appropTiate  lentgths of  1 to 4 mm,  were  heldi

with U.V. curing  resin  and  both  end-faces  were  polished.
An  opticag  rnicrograph  of  the  end-face  of  an  SBN  a-axfis

single  crystal  fiber is shown  in Fig. i(b). The  cross-sec-
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Fig. 1. Photographs  of  (a) Cc doped  a-axis  single  crysiat  fiber grown

 by the  laser heated pedestal growth tcchnique,  (b) the  cross-sec[ion  of

 prepared Ce  doped  SBN  a-axis  single  crystal  tiber. The  c-axis  is
 perpendicular zo  the diTection of  the  ridges.

tion of  an  a-axis  fiber is hexagonal in shape  with  two
ridges  whose  direction is perpendicuiar to the c-axis.  The
crystals  are  pale yellow and  their transparency  increases
as the cerium  concentratjon  decreases. The total absorp-
tion and  scattering  losses in Ce: O,02%  and  0.05% doped
SBN  fibers were  3.9cm-' and  7cm-',  respectively,

Beforethephotorefractivepropertiesweremeasured,pol-

ing was  carried  out  with  a static  electric  field of  more

than  500 V!mm  along  the  c-axis  at  an  elevated  tempera-

ture of  800C.

g3. MeasurementSystem

  The  system  for measuring  the  photorefractive proper-
ties is shown  in Fig. 2. An  Ar  ion laser of  A=514,5  nm,

monochromated  with  an  ethalon,  is employed  as the light
source.  The  first polarization bearn splitter  (PBS) is used
as  an  attenuator.  The second  PBS  splits  the laser beam
into object  and  reference  beams, where  the  power  ratio

and  the  polarization directions of  the two  beams  are

altered  by the half wave  plates Iocated in front of  and

behind the PBS,  respectively.  Here, two  beams of  extraor-

dinary polarization are  incident on  the fiber, with  a  cross-

ing angle  of  2e=21  
e
 in air,  and  co-propagate  along  the a-

axis, where  the c-axis  is perpendicular to the fiber axis.
We  define the +c  poling direction as the direction from
the object  beam  toward  the reference  beam  before the
beams  are  incident on  the fiber, and  the  opposite  direc-
tion  as  the  

-c
 poling direction. The  object  beam  is inci-

dent on  the fiber axis  and  the reference  beam  is incident
away  from  the fiber axis, The  object  and  reference  beams
are  focused into the fiber with  lenses whose  focal lengths
are  300 mm  and  1000 mm,  respectively.  The  angle  be-
tween  the reference  and  obj  ect beams is changed,  without

changing  the  point at which  the two  beams  merge  on  the
front surface  of  the fiber, by rotating  two  mirrors  with  a

stage  controller  through  a rnicrocornputer.  A  silicon

photo-detector monitors  the  power  of  the transmitted ob-

ject beam, and  its output  is stored  in a  digital
oscilloscope.  We  insert a  chopper  in the path of  the ob-

ject laser beam  and  eut  the  object  beam  to a  suthciently

short  duration of  500 pts with  the period of  11 ms,  By
measuring  the  diffi/acted beam  power  in this short  time
duration, we  can  precisely monitor  the  holographic
grating formation. The  diameters of  the object  and

reference  beams are  280 ptm and  590 ptm, respectively,  at

the incident piane. Generally, the  strongest  coupling  can

be observed  when  the ratio  of  the two  beams  is 1 to 1.iO)
The reference  beam  power  is ljkely to be  reduced  by refiec-

tion at the fiber surface  and  by scattering  at  the  boundary
between the fiber and  the  resin,  and  the focused  beam
diameter of  the reference  beam  is two  times  larger than
that  of  the ebject  beam, therefore we  must  increase the
reference  beam  power  so  that  the effective reference

beam  intensity is equal  to that  of  the object  beam. In our
experiments,  a reference  beam  power  75 times larger than
thar of  the  object  beam  was  required  in order  to obtain
the strongest  coupling  between object  and  reference

bearns. The  effective  reference  beam  power  for grating
formation is regarded  as being the same  as  the object

beam  power  in this paper.

g4. ResultsandDiscussion

4.l Gratingformation

  Figure 3 shows  the time development  of  diffraction
eMciency  at the beginning of  laser exposure  with  various

object  beam  powers  for a  fiber whose  cerium  concentra-

tion, diameter, and  iength are  O.02%,  700 ptm, and  1.5
mm,  respectively.  The  diffraction eMciency  is defined as
the  ratio  of  diffracted beam  power  to transmitted  object

Fig. 2. Experime=iat configuration  for holographic recording.  The

 chopper  inserted in the  object  beam path  enabtes  the diffracted beam

 to  be detecLeci during grating  formation.  The  mirrors  controlled  bv

 the  persolla]  cornputer  are  used  to measure  angular  sensitivity
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Fig. 3. RclaLion  betwecn  diffraetion eMciency  and  time  with  various

 exposure  powers, 2e=21'.  The  Lime  developmenr  of  difi'ractioll

 eMciency  is proportional to  the  square  of  tLne  ut  the  very  beginning
 ol' s,rating formation.
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beam  power  or  to incideut reference  beam  power  (biack
box diffl/action eMeie"cy).  Each  ditfraction eMciency

develops in proportion  to the square  of  the  exposure  tinie

at  the  very  beginni.ng of  the exposure  in an  object  beam

power  rangc  of  5.2-7S.2 ,asW. T, he writgng  speed  is rather
fast, and  depends on  the writing  intensity. The  diffrac-
tion  eMciemcy  for the  transmitted object  beam  reaches

ymere  than  40%  at SemE vvith  an  exr.osure  power  of

7S.2X2pt'W,  Accerdirig to  the  Kogelm'k's theory,2i) the

diffraction eMciency,  op, is expresscd  as

      t .rf. 
x,

op 
=eXP

 (x m' cos e!'i, 
sjn2

       1, .
zl n  

==

 
-2

 nJrijEse,

tzinndekA

 cos  elle (1)

(2)

where  ev is the absorption  coethcient,  An  is the  
'refracti,ve

iRdex change,  A is t'ne wavelength  of  light, dis the leRgth

3'r the cTystai,  2e i,s t/kc crfv,ss amgle  betvveen object  and

reference  bearn, n  is thg  refractive  index, rii as the  electro-

optic  ceeMcient,  and  E,, is the spaee  charge  field. in the

crystag. E,, gs directly proporEional  ts the product of  the

1,aght intensaty and  t.he  tirme dur, ing which  the  light was  ex-

posed,i") namegy  proportionag  to  the energy  uscd.  Then
the  di ffraction eMciency,  es, fis prcportiona} to the squarc

of  the time at the begifianiitg of  grating formation. Our
results  obtained  witla. real  ･time imonitoring  by ineans  of

the chopper  inserted fin the  o'b]'ect beam path agrec  with

this theory very  we/1.l at  the veTy  beginngng oA- grat'Eng for-

matlon,

4,2 ewggingsensitn'vS'ty

  In Fig, 4 we  piot thg values  of  s,"filt  against  the ex

posure  power  tt2× ebject  beam  power), where  t is the

grating foTmation  time. 
rE'he

 values  of  iirop'ft  which  relate

tto writing  speed  are  obtained  fram  the sgope  of  the  linear

function between a,"fi aRdi  time  at  the  very  beginn/zng oln

grating 
'fgrmfttiDn,

 en two  experiments  with  different pol-
iJng  direetions (+c and  c)･, there was  littEe difference in

the writing  speed,  The  writing  speed  increases linearly

with  increases in exposure  power.
  The wrating  sensativity,  S,,, at the  bgginning  o.f grating
foranation Es defilled as

                    ,O,,･'it 1

                
Sny=n･,,.

 vv7, 5･ Zi, (3)

-:,wa.t:Lgii

'la
 

g

642

        o 
         c･ sas -,gg

 lso 2cci

                  Expsossure pgwer {geVif)

Fig. 4. v"n!!t  versus  writing  power, T/ he values  of  v"iiJt  were  dcrived

 t'rom :/ he slape  ef  tlnc tPnela'r i'cpctio= between  t"n and  time  at  tht very

 beginning oi'  grating 1'ormatt-oll,

Y. SuuLyAMA  et  aL

where  YV gs the effectivc  intensity for generating a

grating.i") Then, we  can  obtain  the  value  of  S,'i=-17

ifn S !cmZ, whieh  is derived from  the  slope  of  the  line in Fig.

4, the values  of  or 
==3,9  em'',  d=O.15  cm  and  the beam

area  of  6.2 ×  gO-4cm2,  This value  is fairiy good com-

p. ared  with  other  reported  values  such  as 15mJ!cm!  in
Ce:SBN  and  50-ICCO  rn  Jfcm2  in BaTiO] and  LiNbO].'-}
There  is another  possible way  to improve writing  sensitivi･･

ty. Cerium  ions are  photoionized  by means  of  the reae-

tion:2])

Cc]" +kv->  Ce4+ re-  (conduction band),(4)

therefore, the number  of  cerium  atoms  which  occupy  the

Ce3+  state  is rnore  Smportant than  their concentraticll,

Namely  the valence  state  of  the  dopants contributir)g  to

the photoionization process is ffnore  tmpertant  thafi the

dopant concentration  in the  crystal.  Actually, we  can  not

olvserve  Tnuch  difi'eTence in writing  sensitivity  between
O.05% and  O,e2,% Ce  do･ped crystals.  In addition,  wheR

the crystals  were  amnealed  their writing  seBsitivity was

greatly reduced  in omr  primary  experiments,  TherefoTe,

centrol  of  the valence  state of  the dopant will  be  the  key

to further improverfients gn writing  sensgtivity.

4.3 ReadouggresEg'ng decay

  Figure 5 shows  readout  decay curves  for vario'-s

reading  reference  beam  powers  for the experiment  where

･-c
 poaing was  uscd.  Tkis experftment  and  the measure-

gnents  of  the  grating formation  proeess were  carrjed  out

simultaneously.  The maximum  diffraction eMcicncy  at

each  initiaE state  is difi'erent, and  so the diffraetion inten-

sity is normalized  by the initial value  for each  reading

power.  Each  diffiraction eencaency  exhibits  exponentiaA

d,ecay. Figure 6 shows  the power dependence of  the  decay

rate  which  is defined as the finverse of  the time  during
which  the initial diffraction intensity falls by 11e. The
reading  power is considered  to be  the  same  as  the object

beam  power  so as not  to underestimate  the decay rate
agthough  the reference  beam  power  is actually  7S times

1.arger than  the  object  beam  power  before they are inci-

dent on  the fiber. The  40 ptW die£ ay  rate  is le s-i for -･c

peging. Thc  decay  rate  ancreases linearly wgth  increases  in

t,o>w=.P..!teop=,9assc

 O.5pt-vwoNwEtsz

                    -

       O as,s 1.0 1.5

                      Tl,me Cs)

Yig. 5. Readour  graLing  decay curN･e for various  rcading  powers, Nole

 thuL  the  pewers indicaLed ill the  2rttph are  the  aetual  reference  beam

 po"'ers before being incident on  the  t]ber and  the  ctl'ectii,e refer･ ence

 beam  power  is considered  ro be the  same  as  the object  bearn powcr,
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Fig. 6. Thc  relaLion  between  decay rate  and  reading  power.  Reading

 power  is considcrcd  to be Lhe same  as Lhe object  beam  power.  +c  alld

 
-c

 represent  epposite  poling directions which  rclatc to thc arrangc-
 mcnt  of  thc  two  bearns.

reading  power, and  the decay rate  foT +cpoling  is 2,7

times larger than  that for -cpoling.

  In a volume  hologram, the reading  beam  can  interfere
with  its own  diffi/acted beam. With photorefractive
volume  holograms,  the reading  beam  interferes construc-

tively or  destructively with  its own  diffiracted beam,
because there is a  phase  shift  between  the light in-

terference pattern and  the recorded  grating,,iO) This is

because a  dynamic energy  Tedistribution  occurs  between

the two  recording  beams during the grating formation
process. This means  that one  beam  gains power  from the

other  beam.  When  we  read  the hologram stored  in the
crystal,  reversing  the  poling direction causes  the  beam  to
either  gain or  lose power,  Therefore, we  observe  a  slower

decay rate  with  
-c

 poling, where  the diffracted beam

gains power  from its reading  beam  in the  same  manner  as

the writing  grating, than  with  +c  poling, The  decay rate
we  obtained,  however, is unexpectedly  fast even  with  

-c

poling. The  value  of  10s-' at  40 paW  reading  power  is

faster than  that of  bulk crystal.  The  corresponding

erasure  sensitivity  of  6.5mJ/cm2  is rather  higher than
the  reported  value  of  30-40 mJ1crn2.'4)  This difference in
decay  rate  is not  presently understood.  Imperfect poling
in the fiber crystal  may  affect  this difference.

4.4 Angularsensitivity

 Figure 7 shows  the  angular  sensitivity  at  the  cross  angle

of  21e. The angle  of  the readout  reference  bearn is pre-
cisely  changed  from  left to right by 2 mrad  on  the  basis
of  the  writing  angle  of  the reference  beam. The  angular

sensitivity  shown  by the half width  of  this curve  is 1.5
mrad.  According  to  Kogelnik's theory,2'}  the angular  sen-

sitivity can  be approximated  by

                 .tl  A

             
AO='Ii==2dsine'

 (5)

where,  zi e is the spectral  bandwidth  where  diffiraction in-
tensity  falls by 112, A  is the grating spacing,  and  A is the
wavelength.  In our  case, the calculated  value  of  Ae  is
O.94 mrad  with  A=514.5  nm,  e=  10.50, d== 1,5 mm,  The
measured  value  is slightly  larger than  the  theoretical one.

Y.  SuGtyfLM,x et  aL357
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Fig. 7. Relation bet",een dilfraction intensiLy and  reference  (reading)
 beam angle  dcviation. The  angular  sensitivity defined as  the  ha]f
 width  of  the ･spectrum is 1.5mrad.

This is due to the beam  divergence resulting  from the  use

of  a  foeused laser beam  and  the low optical  quality of  the
crystal  fiber,

  The  recording  density in volume  holographic memory
is related  to the  number  of  holograms which  can  be
superimposed  in a  given volume  of  the crystal,  and  this is
limited by angular  sensitivity. With an  angular  sensitivity

of  1,5 mrad  and  a  1.5 mm  long fiber, in principle more

than  500 holograms can  be  superimposed  with  an  angular

variation  of  45e in one  dimension in a  fiber Iess than  1
mm  in diameter, The  merit  of  the fiber type  hologram  is

the improvement in angular  sensitivity  due  to the

lengthening of  the effective interaction length by  means

of  muitirefiection  in the fiber. When  we  use  a  1 cm-long
fiber, more  than  3000 holograms can  be superimposed  in
the fiber. It should  be noted  that we  must  determine the
optimum  dopant  concentration  so as to fulfi11 the re-

quirements for both writing  sensitivity  and  superimposi-

tion, since  the diffl/action eMciency  decreases due to light
absorption  with  increases in fiber length.

4.5 image recording

  Figure 8 shows  a  reconstructed  image  stored  in
Ce:O.05% doped SBN  fiber, with  a  diameter  of  250 ptm
and  a  length of  1 mm.  A  chromium  coated  image  mask,

Fig. 8. Reconstructed image  ol' 
`NTT',

 stored  in a  Ce  doped  SBN

 a-axls  single  crysta]  fiber, 250 um  in diameter and  1 mm  long,
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5 × !C mme  in s'Lzc, was  
'tn.serted

 in the  object  beani path.
T' 'he reconstructed  

'+Tmage

 q.uality is ra.ther  bad. T･ he  SBN

fiber we  u.sed had a erack  im, tla,e direction perpendicullar
ts the  c-a.xi:･ and  seemed  to Yltave considera'bae  gng.ernal

stress based  ore  olnJservatioffi  with  a  poiarizl/ng
microscope,  therefore  ･.e.ven the  tru.nsmitted  image quagity
without  beamo coupging  wms  rather  ba･d. The  s･L'attering  on

the  :urface  between tke SL'pN fibey ar..td. the surrounding
resin  a).so  ffnay  ltave s/poil/c･d the image qualit>/, The

removal  ef  imternall stress to improve iifnage qualiLy could
be one  of  the  uaost  imnortant areas  of  work  on  tlie

growt.h of  photoreLFractive si'ngle crystal  fiber.

4.6 Compargsosc wigk  c axt/s,fiber ,hsgograma

  
rff'hc

 SBN  crystal,  has iarge eL,ectro-gptt/c  eoethcients  c/r

rj] and  r,3. This ffneans  that  the  grati:g vector  must  

'vn.

phe'railel cr almest  paTalnea t/ fi the c-axSs  to olvtain  a  1/arger

photorefractSve efi'ecl.  Thereffi･.re, Aascr beaEiss must  be in-

p'dt into the  a-axis  fi'oer from  the  same  sgde  (co-prs･･
pagating type)  and  into the f.'-axis fibeT frorn the  opposite

side  (counter-prepagatir,ftg ttype), 1'n such  a.rrangemcn.ts,

we  can  effecMively  usc  tkc e]ectro-optic  coeMcienr  of  r3] 
'in

the  a-axis  fiber anct  r･3 
'ln

 the e.-axis  fiber. Tine r."levant
figure of  merit  S  (=' r,ffles,e)/ ogn the as-axis fiber ils :iarger
tlfian tbat  of  the  :  axis  fib･em, 

'fnainly
 because r]3 'As

 aboiit

four tirnes larger t,.han rll, where  r,ff, .n, and  c are the Telc-

vunt  electro-optic  eseemcient,  melevanL  refractive  i･ndex'

and  gelevamt  dielgctric constant,  respcetiveiy.2i'26)

  Mereover tlee grating  spacing  c:1'' a  c-axige. fiber

hologram is mu.ch  smaHe'r  (typicaLly )ess than  O.IS geNn)
than  that of  an  ci-axis hologram  (typScally mare  than. I

ptm), With sllek a differencg in the gratEng spaeing,  the

space  charge  fieUd in the  c-ax'i's fibem is smalller  than  that  in
the es-axis fiber.27) SiRce larger. fig-res sf  rner{t  and  the

iarger space  charge  fieli /stE  produce iarger r, efractf/vc gndex
changes,  as  shown  in equatiorms  (1), t12),, the writing  sen-

sitivity irA es-axls  fiber shcuzl'd  b' e  superaorc  to that o'f c-axis

fiber. Actually, g  is absut  tvvo tirnes laTger in a- zxi,s fiber

than  in c-ax'ts  fiber {i mL our, cal/c"gation,  and  the  expeTimen-

taa results  show  that  the  grating formation speed  is :i cur
times  faster than  that 3f  c-axis  fibeT,i6> ln addition,  an

cxternal  egeclric field, tvhick  leadis to irnp..Toved writirLg

sensitivity, gs easi.Iy ap. plge;tl to ff-axis  crystal  fiber perperr-
dicular to the  ligb.t propagating  direction, and  t･he re-

quired appfiied  voltttge  Ss about  1 order  lcss than  that

required  for c-axis  fib/er.

  On  the  other  hafld, the  superimposition  im a-axis  fiber

is inferior to that in c-axgs  fibe'g because we  can  use  aM

solid  angles  for writing  in tin.e c-axis  fiber due to the  uni-

que aTrangement  between t'be c-axgs  and  both two  writing

beams, independent of  incident selid  angles.  In the a-axis

fiber, however,  onfiy  sne  dSmection, the  c-axis dt/rection,

can  be  used  effectiveiy,  The  chcgce  of  fiber will  depend  on

the system  empleyed.

Y. SIJGIY,NM,N et  ai.

geS. CgancgusGon

  
'We

 grew  g-mcis  SBN  single  crystal  fibers by the iascr
heateci pedestal g:.owtk method.  The  grating formation

process was  successfugly  analyzed  by means  of  a  method

using  a  choppef  inserted object  beam  patb. We  found

that  the  wri'ting  semaitivity  and  the  angular  sensitivity  in

the fiber was  fairly gosd,  but the  decay rate  was  unex-

pectedly fast. Further investigation to amprove fiber
crystaa  quality, magnliy  by  red-cing  intemnal stress, as re-

guirect Lo refine  amage quaEity. The results  show  that

cerguxi  doped  SBN  es-axis  single crystal fiber can  be used
as  a  hollographSc record.iitg  medium  with  high writing  sen-

SltlVltY.
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