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lhe origloal propesal Yor thils study was siade by fy
theoils advisor, ULr. Theodore Luke, as a tollow-on to o
previous AdlT thesis, That thesis centered on the
Lheorctieal diftraction elbiciency of a new spatial Lignt
moudulator kaowi ay the PRLZ0 The PRIZ eahibits wmany uviigue
capabilities, one Lerny dynawic image selection,  br. Luke
suggested an Lavestipation into chis phenowenon,

This lovestipacrion required the construction and
aualysis ol a woditied current-conducting PRIZ, a task
whilch, as Lar as publisihed reports iadicate, had not been
acvewiplished outasive ol the soviet Union.

Lowould like to chank Dr. Luke for the proposal and for
ils iuterest and agsiscance throughout the project. ilr.
Lurlis Acalpp provided eantensive dosistance in all areas of
my caopelimentation. His knowledpe, strong back, triendship,
and patience enabled we to accomplish my research,

Hy final and mest Yervent thanks poes tomy wife and
codldren 1o their strong support Jduriag my AFL'LU tour. The
sapport and Love of wy tamily hias always been my key to
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dens ety cond cierypy levels of tae teaps and donory (J1:240).
Cireowave leng L dependodt nature oiosevesal matevial
poaramelers ol BUU, sucht o Lie abuorpiion coctticient and
Quatitias et bleteney, are cvltical to the cperation of the
Priin device., A write-in beoaw inothe blue-green rogion
Lindaces Larpge poaotocetraci ive chanpes whille o readout beaw
La the red cadses cowpararively liccle photoreivactive
Cliatpre.  Thes capability eahances the PRIZ's use as an QLR
cleaent and foads voe the perivmental peometries deserived
Larter, Detatls o thie dispersive tature of the absorpeion
coclLicoent, quoatan elrictency, Ilndeg of relbraction, and

Splleal activity are sbowo In PFopueres 4 through 7.

Lo cvrae Pocroels Brtect i boy)

1 vessious ol the PRl spatlal fipght wmodulator uti-
Cece Ui Loausverse elecirooptic elfect. This means that an
cooct e cicbd orthiopunadl Lo tue direction of propagation ot
Cead Lipat tnothie cvvstal must be present in order to pliase
codo it e cead heann (38:201)0 0 B3O was previously noted
s el g cubic cryutal of cryscallograpnice poinc-group
Lonelry 23,0 Lo pulnt-group forces the (modified) crystal

cloecirooptie trusor to be o the toria:
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Conductcion Band
- N : AT ; N
cxlolasie .6 eV 1.30
Absorption -Léé eV
Shallow W
Traps Lapuy
Band 2025
2,060 eV Gap eV —— Occuplied
3.25 Luinescence
eV Centers
—r
Sl Vacancy
Valance Buand

Fig. 3. Enerpy band Uldapram of Biswuch Silicon Oxide
At room Temperature (23:3084)

fhe cacrgy band diapgran of BSO contuins lwportant
taivreation on the chdrg . transporct mechanism of BSO and ics
relitioir to the pnotorefractive vivect., Figuie 3 1s a
dlapran, of the band structure.  The iatrinsic baodgap of the
paeerial Lso 34025 ev.e  The primary donor level is located ot
2.0 ev below che conduction band ac a density of 1019 cn3
and 15 associated with a silicon vacancy. The trap levels
Lital partleipate in the charge transfer process are lumines-
cence centers Lecated at 2.2% or 1.30 ev, depuonding oo
viviuer or not Lhe center is electron occuplied.  These traps

bave o Jdenstty ofb 1\)]0

cud. A shallow Lrap at 0.6 ov
Fil may participoete La the reduction ol the elffective
dobLlity or phocoelectrons itas been identified with a densi-

- ¢ - ‘o . . -
Ly of 1”') il 5. Thase moeasurcments dre iade on nomlndlly

cdre BUO. 0 B0 1s classitied as oa sewr-insulator due toe the
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wavelength, are upon wigration, retrappeu at other
Locations leaviay bebind positive or nepative
Chidarpes O lonleoed trap centres. The photo-
eaclited caaryes will o reeacited and revrapped
until cthey rinally dridv oul of cthe illuninated
veplon aind are trapped. The resultlog spuace-
charpe freld between the tonized donor centres and
the Lrapped charges wodulates the refractive
tadices via the electro-optic effect. Uniforw
Lllumination crases the space-charpe Clelds and
brings the crystal vack to 1ts oripiaal stote
(uptical erasure) (14:200).

A sulary ol sorice Lhportaat material characterisctics cf BSO

are shown in Tawle L.

Tebllh [o Phyosical Parameters of Boo att Room Tewperature

faraweter Value Uuit Ret.

rulnt Group Synuelry 23 -—-- a
conductivity 20 x 10713 o~ lem™! a,d
Divlectric tonstant 50 -—— a,c
Triaunsmission Range U4 - 7.5 Mt a
iy ap 3.25 ev a,b
tlectrooptic Covificient 5 X 10-10 cu/V a,b
bicelron Hopility 0.03 cwd/V-5 c,d
absurption Coetficient Figure 4 e !

Guantuw otliicieney Figure 5 %

Iodex or Retraciion risure o -

Optical Activity Figure 7 deg/mm
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Transpalent franspdrent

Llectrode r B lectrode
| b
Crystal L
L . 1
ﬁluf

HVDC Power Supply

t'ie. 2, Hoditioed Curcrent-Conducting PRIZ Structure

the 23 cuble ymuetry poiat group (2:493). B30 is a para-
clectric electrooptic photeconductive material withh igh
resistivicy. B8O is also optically cerive,  The cowmbination
Ot the Llinear elecerrooptic effect, the photoconductivity,
aid the biipgh dark resistivity results in the photorefractive
citeet,  Photorelraction is lipght induced changes in the
relractive tndices (13:479). A cupsule version of the pho-
torciractive vitect and its general mechanism was stated by
Guonter:

The Lipht-iadacad changes of relractive indices

oo electoo-optic erystuls are based on the spatial

wodabat ton ot photocurrencs by non unicfora 1llum-

ination, The peneration of photocurrents dtf low

lighe tarensity depends on the presence of

suitanle donors, because wost of the crystails of

Lt erest are inhereatly transparent in the visi-

Dlee The clecrrvons or holes, which are excited
from the Lapurity centoey by Light ot a suitable
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r]' LI, Backgrouad and Theory

3

Current-Conducting PRIZ Structure
The structure ol the dynamic image selection PRIZ used

for Lwape processing is shown in Figure 2. The device is
cong rucced of a4 thin (0.3 vo 1 wmm) slice of sinpgle crystal

BSU.  The lacpe Faces of the crystal correspond to the (111)

or (110) crystal planes (Miller indices). A similar device,
the Pockels Readout Optical ftodulator (PKOM), utilizes the 1
(1v0) cut in its construction (12:4216). For the current-

conducting PRLZ, transparent wetal electrodes of platinum or

indiuw oxide (In0y) are evaporated direcetly on the large 1
Faces of the crystal (25:102,168). ‘Typical crystal size
Yo ] )
reported ror Soviel Jdevices permitted an active drea of 15 sin
i diameter att A/4 flacness with a4 39 mw diameter active
area at 1A flatness avallable (11:3848). The thickness of

the electrodes is controlled te provide high conductivity

and uptical transmissivicv., In operation, a counstant volt-

SV, VIRRHIIOOR, T

age 0f 1 to 2 KV is applied between the electrodes. The

dmoulit of curreac conducted thirough the device during opera-

;.
p
& - . . N . -
; tion is dependent on the dark resistivity and photoconduc-
'~' . . .
] tiviry of the material,
- B850 Hatecial Parameters

bilzslugo (bsY, is a sillenite cowpound that is o
X s arova 1n osingle crystal boules by tne Crochiralski technique, L
p Y
b R A
3 The orystals eanibit o zineblende structare and belong to -
b B
S
3 b
] 7 :
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b_'-
. ’ thicory ob the dyonawaic Laape selection elfect,
{4
F luvestipaiion of the watcvial perancters, device con-
slruction, Jdevice periormance, and other obscervations are
covered i Chapter L.
Cl - ! . . H . . \ g - oy 1 e
Chapter LV coentaing o sumaary of the experimental
elfrere atd recosmendarions for rescarch into the material
m Chharae terlstles, device porloraance, and theoretical wmodels
usciul 1o turtltice development of e device.
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development ot BSO and the current-conducting Pri

The probles tormulated by tnis thesis was approached 1n
Live pudses.  The dynawic lwmage sclecrion veritication ap-
Parates was descgned, assenbled, and vested first.

Sevond, Lthe cqulpment and techiniques necessary Lo coli-
otruct the curreint-coadacting PRIZ were avsenbled and test-
cd.  Yhe tasks ol this phuse consisted of renovating «nd
Lestlng a vacuulr apparatus, developling and testing a4 chiron-
Lo deposition techoique, and developing and testing a
wounting procedure Lor the chrowluin plated BSO crystal,

The third phase consisted or Lhe dactual electrode
Jdeposition and wounting of the plated BSO crystal.

The tourtin phase tnvolved the verification of the dy-
G Le Laape sciection elfect and moditfication of the experi-
wenital apparatus to control aud record the etffect.

The rinal phase ol the experiuwcutal Investigation
tavolved desipgn and use of techisques to investigate the
wiatevial characterinstics of B30 and the poerformance of the

cacvrent-conducting PRUZ device.

Sesuciice ol Presentation
Bicrground and theory necessary four a pguod prasp of

device operation 1y presented in Chupter L. This intorwma-

Cion Connianls ol the structure o the curtent-conducting

PRUZ, 4 suwti:ry cf Laporctaat LSO motoerial parameters, che

Lhvory ot the transverse clectrooptice ettfect, and the Soviet
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constructed s closcely s possible to the published Soviec
speciiications to pecwit valid cowparison of device pector-
mance (27:249).

the thiivd svetlon describes the design and coustruction
VL an optical test upparatus to verlly tie dJdynamic imape
selection cttect, and the verification of that eftect. A
modillication of the apparatus used at CilU for etrect demon-
slration was used 1n this study (11.3852). The experimentcal
apparatus evolved over the codrse of the experiment and only
the tiaal contizuration is shown in this clicsis.

The Lourtin seccion investlpgates two interesting device
Capabilities; spatial filtering and oprical wmemory. The
perlbormance of the in-house current-couducting PRIZ fFor
these parameters 15 compared to the reported pertormance of
the Soviel devices.,

The tifth section reports two interesting phenomenon
encouncered during tie experiment: ]l effort. Laser-induced
dawmaye to the B0 crystals was cocountered on two occasgions.
I'ie constructed PRIZ device also extiibited light and current
oscillations of varying cates depending on the time, write-
Ligne Llotensity, aud field voltage. These phenowmenon were
doL dnelveaed, but were repourted Lo provide a wore comnplote
pleture of the experitwental elluvet and to ifdentify these
oCeurtences Lor future investipators.,

The Last section summarizes the experimental etfort and

suppests addit ioodal avenues tor enperimental and theoretical
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driton,

Froblan

The purposes ob thils study were to lnvestipule the
material churactertstics ot 8BS0 suppliced by an Awcrican
Codpally, coilsireet a curceat-counducting PRIZ, desiga an
caperiment that could verify the phenomenon of dynawmic lmape
selection and wtnvestipgate the perfoerwance of an in-house

’

G VECe .

Seope

Tois study is divided into six cections. The first
secilon involves the investigation c¢f tour umaterial
Cligractoeristlies:
. optical uctivivty
. index of retfraction

. absorption coefticient
. conductivity

Wb —

re
-

The cipeidtments vere designed ana conducted to Investigate
the wavelengtoa dependent uatare of the first chree charac-
terlstics and cowpare thew to published resulcs. The last
clinracieristic, conductivity, was Lnvestipated to obtaiu
data on Lhe current versus voltage response o1 the purchasced
850 material. this information was also compared to publisned
resalts.  ALL punlished BSO material investlizatlions
teterenced tn tihils thesis were conducted by Amerlcan
rescarchers,  The Soviet literature reviewed references only
Avierican stadics when they list a material pavameter.

The second soction describes the actual desipgn and

constiuction of a4 current-conducting PRLIZ. Tne device was

e

”




Trausparent Transpascnt

Electrode 1i:::;“:::7:r:~‘_1 " Electrode
; l K///////
| BSO '
| | vt
«—-L thick;) ;i‘”“ 2-5 um thick)
U .

1-2 KVDC Power Supply

Figure 1. PRIZ Configuration

inal 6-G ellect (24:790). This device has Jdewonstrated 190
times preater resolution and efficiency than concurrently
raled FROI devices (12:4220).

Tne PRLIZ (in 4 specitic coaliguration) also exhibits an
ellfect, similar to time difrerentiation of an image, that
the Soviets have laveled "dynamic ifwapge selection” (30:165).
The device rejects the constant or nonvarying parts of an
tnaye and modulates the readout beam with the time varying
parts ot the wmage.  The specific (curcrent-conducting) con-
riyuration of the PRLIZ that exhioits dynomic lwage selection
Lo dldentical tu Cipure 1 cicept that the parylene lavers
have been rewmoved.

The dytamie twape selection phenowenon was inttially
reported tn tite Soviet Literature and later demonstrated
sy, boviet devices at Carneple-tiellon University (CHU)
(11:30851), To date, there are no Lorual reports available

veritying this eftect with devices made outside the Soviet
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CONSTRUCTLIOUL AND ANALYSLES OF A PRIZ SPATLAL LIGHT

HODULATOR kAt L'PLHNG DYWANMLC LIAGE SELRCEION

LaE an ae e o iyl C
!i coete e,

L. Introduction

Optical diata processing architectures opcrate by mod-
LEyloy data over a Z-divensional pldane in real-time. The
mathematical techniques for this type of optical parallel
processing date frow the 19th cencury, while the cpecific
archiitectures have been extensively developed over the pasc
20 years (18:10). The liwiting factor in the development ol
optical data pr:cessing (OLP) is the technology of the iupur,
ourtput, and processing transducers. These optical elewents
must ve able to spatially modulate o 2-dimeusiovnal opiical
field in real tiwme,

One highly prowising spatial light wmodulator (SLIf)
device Is kuown an the PRIZ, & Russian acronym Lor Preobra-
sovatel Tzovbracheniya, nmeaning Iwage Transducer (11:3846).
The VRIZ its similac to the well-known Pockels Readour Opei-
cal Mouulator (PRO1) 4s it 1s cut from Bismutrn Silicon Oxide
(B50) and uses the electrooptic (E-0) etfect to spatially
phaose wodulate a readout beam,  The PRLIZ, like the PROI!, is
constructed in « layered fuashion (Z5:1od-163). Fipgure 1
illustrates the structure of the PRIZ. The PRIZ, however, 1is
cut in a Jdifferent, (110) or (111) instead of (100), crvstul

divection, and utilizes tne transverse rather than longltud-
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Fig.o 9. lodex dllipsoid Represencation or Plane Wave
solutions in (111 PrRLIZ (31)

Latioin ebtect ot che device upou an incideot cead beaan.
Flpure ¢ sitiows the coordinate system used for the (1113
¢rystal orientation, 3 vepresents a generalized incernal
clectivie DTleld (transverce und Longitudinal couiponents)
while EL' is the projection of the internal tield on che
place norwal to the propagation direction. ¥ is the angle
ol the Lnternal traasversse ficld~with che x ' axis or
110y croystallopraphic direction., One of the lmportant
aspeets ol PRLZ operation i1s that the nodalation etfecc iy
due only te the transvecse frelds,  The fact that cthe longi-
tudinal field (xj' directlion) nas no infiuvence on the
cigenvectors or elpenvalues of the plane wave solutions
poermits o 2-dimensitonal peowetrie solution (in the torwm of
the iades cllipscid) to be used for solution.  The ¢rosg

seciion of the iudes eblipsotd vormal Lo the Jdirection ot

propagation is showno tn Frpure Y, The wmajor (Ul) and ninoev
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(U“) axes of the ¢ross section corvespond Lo Lhe cigenvece-

tors wiile the lengths of the wzcos, nl and ntl correspoad

Co tire elpgenvaloen. ¥ Lo rhie rotatlon angle obf tue eijpen-
Vveclors row theo "‘:ll axnis Jdue Uo che.orlentation of the

. . . -—-.\ '

Tnleriial traasverse clectoile ciceld L' Lo has been

cllowi (24:790) chat Coe colatioaship between the two atgles

c""'._‘.:L.AL\‘

i.‘i dL.i'l!Ly;

'
J

2w o= )2 -

2

! o ..

b ot e thal Lhie wagnitede of the internal tield hus no efrfrect B

{ on the orientation ot the index cllipsold, |
4
-

Also ot primary 1ntevest Is the phase difiercace

el

between the cigensolutions atter propagacion through the

.
9.

Y, coystal. The phase aitfcrence is,
Vo (2 a2/ 2ndee

-

e de'dterm is oactanlly the inteprated effect cb the

transverse electrice tield tonroupgh the volune of the crystal.

1 H
Ak a4 b yoo

[t should be repluced by,
~d

_——

- -

4 jt:t'<?(3')d/(3'

> 0

b

- The toru of B '(xy') 1y auite vomplex and based on

livht absorption and charge transport within the crystcal
(h:or)e A gualitstive description ot the process is pre-

sented 1n the nest section.
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, tig. 10, Cross-scoetional View of clectric Fields and Space o
Cliiryse in the Current-Conducting FRIZ (10:193) "]
‘.. ..'
p

Dynawic lnapge Selection

lhe dynamlce imaye selection feature of the PRIZ device o
1
Wida FcpurLUd iy tne Soviet Union in 1980 (50:3'05) and later :

verillied by Casaseat in 1981 using Soviet devices (12:3851).

I'ties section coatalns phenomenolopical descriptions, via the
Soviet Literatare, of the establishacor of the intercnal
Liclds Do e carvent-conducting PRIZ based on g band trons-
port woded.  Also included are the reported peciorivance ot
Soviet aevices with regoard to ticie and Laput spatiul fre-
quuney, aad the vioual madrostation of the dyvnawic Laage

50 lectlon elftee.,

The cineryy band Jdigprawn for Bso was Jdesciribed in
Chapter [, and the accompanying doayvaw, Fipare 3, way be
belpial in the tollowing discussion.  trgere 10 illustrates

the establichwent of the internal fields Ln oo cross-

17/
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N sectlional view on the currcat-conducting PRLZ,
The fonternal Tields are esteblished by d superpositicn
ol two Blevihanisuws.  Ficst, the longitudinal field is iwm-
pressed as showa oo igure 2 by tae application of a DC

voltage Detween the Lront aud bace of toe crystal (nepgative

clectvode oo tae tlluminated side). Thits initial coadition

] seisn Lhe sCane for Che Lol bdup and decay of Che Ioternal k-
A . N . A ¢
: tields,  Second, itllumination ol the crystal causes the
2
eobablishhiwent ol the trans erse Liclds., Tone buildup and
5 decay b Lhese Dlelds can be deseriboed 1n @ series ol four
]
)
S SLA0 o
- [ Scape 1 the incident lipht, with photon enercgy

- surfivient (.. 2,0 ¢v) to eancite an electron from a donor

T Ne

slce, creates an lonized donor-clectron pair at the site ot
correspunds to complete (to

cAaclitation,  The distance (h)

the /¢ poulnt) avsocrption ot tne incident light where d,

~ « "l and « iy the coelficicnt of absurprion for che

ineildene light,  Stupe Z is the suparation of charge as the

o,

clectoon drifets juto the bulk of the crystal due to the

",*T"—‘*rvvv
-

external E-tield, £ and the lonicged donor rewains trap- )
|
L"‘ . . . . . . .
3 ped al the exclration sile creatiny o net positive tonic 1
-
}‘ Spave charge o Region 1 (rocta3). Staepe 5 o lnvoives the
h Lrapplig, and release ob the phistod lectrons by challow vroaps
F .
* vhilch decrvasces Che ctlective mobility wad Crovtes a hegas
{ . . ‘
LLVe LONEC Spade Cliarpe wiltnln the boalv o the crwstal
{ - { .
: tﬁvﬂiuh 2. The torw ol Ll eclectroe i la, s od o
b
p
h
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Fig. 11, Lonpitudinal Eleccric Fields in BSO for Various
Levels orf Recording Light (fixed ) (9:165)

Suvict eiperluentation) within the crystal for several
levels ot recovding light expusure is shown in Figure t1.
The veplon where the E-field mapnitude dips to its lowest
vielie Lo called @ "bottleneck” (8:30). Since the velocity
¢l the protoelectrons in tae conduction band is the product
ol the eleciric field and tire electron mobility, tne effec-
Live velocity oi the clectrons decreases in the region of
the dip. inde decrease to velocity rvesults in the trapping
ot virtually all of the pnotoelectrons in the vicinity of
Live boCLLcheck acd the formation ol d negative lonlc space
Chirge in the region beyond the bottleneck,  As more photo-
clecirons are ponerated, the ficld minimun will move toward
the tlluwinated uepgarive electrode because the positive

chiarpe density uear the clectrode contindes to Lncredse




raghan R a——
i. ’
L 2
F.-!,_
. (lsreparding saturation) (9:lod).
} pm The chorrpe discribution created by tihwe Lucideunt photons
(o
! Lu Lreated at & opoint ia the above analysis. 1t the illun-
fmation oa the surface ol the device is inhoucgencouy or

spatially wodolated (an Loage), tnen the longliudinal tield
distrioution and spate charge density will be differeat at
cacle poloat Jdepeadleyg vn the spatial intensity variation of

the recording Llight.,  Tne spatial variation 1n the space i

cuarge density generates transverse rields., 7This transverse
i dicld causes modulation or a readout beam due to the trans-
ockels ecffect, Keplon 3 corresponds to a uon-
1lluninated scetion ot crystal surface. The netr c¢lectric

Lields between Repious 1 oand 3, and 2 and 4 duriug Stage 3

\ are shown by the solid drrows.

o Stape 4 of the internal ficeld process involves the

- decay of the internal fields aud tuereiore is the heart of

.] Line dyiamic imapge selectlon effect. [ av this point, the
recocding Ligut 1o switched off, diftusion aud driftc due to
Chie noin-unitorw charge distribution will reduce the assyue-

° Lry in the longicadinael fields eftfectively erasing the re-

corded toput pdttern, If cie rvecording light is wot switch-

. ed ol Jdittusion and doift of e¢lectrons in the band fron

L Kepions Toto 3, and 2 to 4 will tend to equalize tie charge

ditlerentisal vetween the illuminated and nontliuamltated

reglonls. A wmore prowlnent driver ob this cquaiization 1s

thie encess of carricers availaole in the conduction band frow

continued photoproduction and trom tne dack carreat. The

20
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fodulation Proguency, Mz ‘
ti;. 120 Ditirection Eifriciency of Soviet PRIZ vs Temporal i
and Spatial Freguency (30:1065) 1
. . - 4
resdli o the chicrpge homogenization process is to cause the
. . . . e 4
wlectrooptically produced itmage to fude with time. The g
Lading, or ecrasure of the inpuc image is faster if the ]
recorditg Light is left on than when it is turned offt {for ]
short wrilte-in tiaes), due O erasure by the write bearm.
The gspatial and temporal purrormance of the PR1Z is
quantited by the Soviets and other researchers by mcasuriag
thediflraction efficiency of the device. The diffraccion
etileoieacy Ls defined as the percentage of incident read
Liyht Tntensity diftracted into elther of the pirst order ‘
et liia (ot both) by g silnuscldal indes pratlng writlen iato g
tive PRUZ device (31:87).  An evaanple ol the dependence of N
Jittraction erticicacy in the current-conducting PRIZ on X
cpatial and tewporal trequeacies s shown 1o Pigure 12, The J
!
Culve reproseniting tae hipgher spatlal pvequency, labeled i
1
) i
21 ’
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' o Fig. 15+ wdge-tnhanced Output Tnage of laput Spot

P.or, shows w lowesr peak diffraction efficiency. This
pesk wecurs al oa lower teaporal freqaency as well, and
Jdenonstrates the observed relation between spatial and tea-
potal lrequencles with regards to device perforiance.,

The tinal result of parameters discussed above is best

described by moexaouples D an fuage consisting ol a spot
Ls woltten tnto the device, the output will censist of an
cdye-eulianced version or tie inpuc suot.  PFipuce 13 is a
dipyrai ot witat 1s actually gcen with thie darkest arcas
cortespondiuy to the wost lipght output (like a photographic
neeclbive)s Lic e siurlar wanner, uny couwplex fumage will nave
a bright banag ol Light associated with any edye between the
i and dars arcas.  Any howogencously Light or dark
teglons ol the taput laage will not be reproduced in the

oLlpul (eero stppression).  This ltmape will tade to nouvisl-
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bilivy within 1-2 seconds. The rluwe Lor the Llumape to fade
to nontvisibilicy was oboerved (but nos quantificed) to be
aupendedt o the latensity ol the wrotie Ligho and wapnitude
of the longitudinal E-treld. 1t thie write-in imape Ls
woved, the cdyes of the outpur lmapge will show an Locreased
brigintness as Lbe WrZlte-ia Laoge 1y moved.,  'fne wagnitude ol
the Lipht cutput 1s dependent on the speed, spatial trequen-
¢y, atid write bean intensicy. The observed resulo with «
WmoOving luase Ls thaet 10 can be spatially tracked by the

Licreased ligat vatpat along the direction of woveaent.
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LIL.  kyperluent

fateriad Characleviztics bvestipation

Tac purposce oib the material (BSU) characteristics
livesiioation was te deterwine the similarivies and ditter-
cildes LelJoecn the bSO sauples used in this experiaent and
fhe BSU usod an othier wateclal stadices,  The geowth of LSO
crystals uy the Czochralski wetiod 1s considered to be an
LU raCli o than o sclence.  Each boule is different.  Since
Liee cplival propertics of the matervial deterwione the pertor-
mouce ot the tinished device, 1t 1s ifmperative to investi-
clbe cach sawple to be able to predict the pertformance of
Luc Lincsied device, Ulbltruately a correlation between the
Lapurity cnerygy levels and densities, optical propertices,
aud perforisance ot the current-conducting PRIZ will fead Lo
w teliable theorvetical model of Lts ovperation. The specific
docerial chuaracteristics investigated in this study dre
ontieal activity, 1naex of refraction, absorption coelil-
“yeats, aad conductivity.  The experinental resulus are

1

coupared to Adericean bublished vigures Lor BEO.

Optical Aciivity.

periint ilal appurdlus,  The cquipment arvangement

o the aeasucewent ol optical activity 1s stovun 1n Figare
tae Tace Laser source (Spectra Physies 120 Arpen lou or

Gpectra Physic 145~ teliua deon) 1s vertically polarized and

e erysceal, analycer, and roadioweter probe (BGaG 450) arve
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Lascr sSource Urystal Aualyzer  Radioweter
Prove

Fige bave Optical Accivity Measarement Apparatus

noraal to the Laver bean propapstion. The analveer is
ot Led taoa calibrated rotating ving,

Lapertmental Proccdures Witch the crystal absont
feod the tevea path, the analyzer Lo rotated tou oIy ide
aliri i Yoading on tone cadiomecer, The crystal is Chen
ploacod o the boan path aad the analyser rotated to actiieve
eoomolabwiin Fadlonelor veading. The wapgnitade and divection

oo the Lanalyzer rotation pives toe opblical actovity pal i

[ ST
‘."(c::»‘t:ilc; 200G Lo pa vl Lol bow eshibits daotlinclive
cctical rotavy dicptrsions Fipure 1% Ghiews bhe valuces ob-

Talined Lo thie teoded sawples and vaveleipiths versus values
chlalaed by olier experincaters with Awerican yrown material
cacidtye The ested orysials all showed nepative senowe,

Pononn both posittive and negative oplic ol activity cry-
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Flo. by wptieadl Activity (p') ot BSU-Puoliched(35:173)
ard “.;J(‘L.iﬂl“.]L‘ll

-

\ SUads bive vecrs proon (D0ays)e The Soviet Literature doues

o aeeal oo Lhie sehise ol

the opeical dactivity foo thelr
cbas Yo meastirod resalos Lidicate thatt the tested SO

Dveplesn are o srmrtar Chor optleal activity) to other sauples.

Tivdiex ol Relraction,

MapeSthieaiod Appara i, A Cop view ol Lie appalas

L Lot Tivis mvaodrdiie it 1o shiowa in Figure 1o Yhe Laser

ot Lo horioond sty ol tecd and the screca s oarranged
Co Ve L i o ool i_(_'(f LLlon ]";’;).Il t.‘“k‘ L:l.‘/")l_dL shillace.

5 )

§

apevtien ol Procodures s The cample wownt Lo first

ad e ted o dasure that the baser beaw 16 normad to the
T mount 1o then ratated arcuid
,overtiooad oanl o et Lie pridaary el lection viewed on tue

b Lhe voi abbon aap e 1o norted whien the anteasity ol
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Gl Decuiien a wlnubun., Thils procedure 1s
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Conpardson, the tndes of velraction

o

o Lhe Lact ciiat the Cetlectance of
A el e the plane ot teeidonee

pobarivcation caple Mo, ke reacihed,

oL Chils auple o cthe indes ob reliac-
# Civ:24h), che todes ofreiract {on

. N Ly v . -y 1
Leonicde e arnplol noaenood varied

cortiespuads to rTndoekes of 20470 to
il cooparatus had o tolerance of #1Y
Pe vhouph for precise jndes daca'arure
clay wicasurementrech

Seod ore precise ang,

Jaia wos o o une, thoeccrore, the
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Pebiler 10 bave bevn assumocd 1n Juture coaleulaticns,
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foopolstiental Apparatus, The erperiwmental appara-
P e Lor Cals weasurenent Ly shown in Figure 17, lhe
Poaner Lowlae ds o aurleontaelly polaviced aad the crystal 1s

Clliea ol 1Y degiors oo that Uhe polarlzation of the laser
pcovaraliol to o vrs plone of ficidence with che evystal,  The
et i aisd radioacler probe are noctad Lo Che bedn propa-
\
too b,
cocatie gt Proceavie, Pwo datya polnts were
cectr o es b ooy e L, free Livet data p(»ir.t o8 loled
[ Ul Lo U L'L,‘u\iin(' e e ‘S«HLIAL!J.\E wos ot in Uhe
i Cg HETIR Ll oo dolor Wds Lae Coadiose vicn the L'i.'}ﬁ)t-:ll_
ol e Do e vee Lo norved oo spatlaily separate
) w . e o bt Doty Lo e u'L.‘,’n[,ul. The aperture woes
t o Cloviootay Loe prigidcy trensniitted beam tor
' ‘ -
Cocgarleon. Phe ratio o acasured oy tiids
o L el o aecount Loy voellection,
0 R . : L ol ot relractron and wpfiCul activity.
O Ui s e st Led Dean encounters a4 retloctlon, an
)
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cplics.  oetall o

Ly

Ul wap b Loy wt

e

ALu0 we liwited l;y the :;',);—:E'i_dl resotba-

1

device, whicn iy 1"c.‘puL’tcd Lo pu.‘,lk a

vl l}),"ihm cand il.’:L\ll)vi/ cooend to Ly ‘L[),/lfull (IL)I()')). l"lkf,lll"kf
T Ll Do ol o Late Ul erenco I.I‘i.ni‘,\‘:; present in the TV
Lot ased LY ocotierenn Lulerfercase betyeen veflections
Vi Lo VLow o, opl L,
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U ceaenl data anadysis at o Later date.

L oot "“l’i'lf’ unod Lo Lm:u‘u:ns Che loncsttudtiiad b

teld 1e ol ohiowii e thiis sohieaatag, Tre arrainpenent 1y

Pdeatloal Lo i"LZ'«AL\ Cowe ot thie o ot eve clectrods oe the

i

. . . . .
Liias e selecUion b relatovely bl;.i}llc thtltor O lx,)l'lz': ~d Ll

Coddoand wrate liche o incident side of Chie orvstal.

L‘.’;l\\,‘l'lEJUHﬁ[V.-«VL 1’;'\)-;};‘\1_.1:"'. Obscervation ot Y it

Wl Le=di Tare dan iocusod o tiwe cryscal, the read oo

Ll baniaates (oo LL“/;_;\_JL s LalCe, and Lhe \Ji.\.‘\.'i.lir’ L)‘l.vll;.)' abe

Sottoed o Ui [URE QT ) l SUV Lale, Tl {)I'Q\,‘\_‘\ld[\' ;115L'r__'1' [T

o ltwiaary sleps are cowplete s deceribed below.

Sttt eevs Do) aad [ ) were Closed Lo prevent foad or

e

WL e lL‘;hL Lo Lcr;gl.j.',zl_ Lile x.[';';,‘(.ixl.. Tl l.i:ivfb, LV

ot b
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VO, did wentiul were cacaed on and allowed to

2
Cavilice tor Love alnutes. tne power oupply waes also

Wwocd on, bat not conneciocd, and allowed Lo wvars up.  Oace

H

ILor tie cquipwent had stabilized, the pover supply was

covacected and toe read veaw shaccer (1] opeoeds finatly

e write boan suutter was opeacd dand anoedpe-onhanced

>

version ol Ule o write=1a pobloern woas Homentarily vistole on

(3

’
|

Lerean, io surtiter view he dra e TR TANY scleclion
Crecl, ol Raaye vas hoved over the crsstal osariaec by

Loy, the airror |uf.
Resovlts and Toaspavisons foe dytaa oo Laag o sodees

P on Lo hias veen doenorined i ot x'\_-,»[‘\)‘lu(‘l‘x(,n O s leo-

Tt oo L Lhie Lisae ottt boy aGrtLons ol it phid, c. Lecdune ol
[ ¢ t t

CVL R o e e - - - - - Y v - WP, S WP ¥ Bbdieconadllh v . el o 2

T

—a® i

o~

PEA._JWUA

ek '.n.'! ke @

P -




e

e conbiner jo] ollows Lot red and write becws to be o at

doleal oo deace on Lhie crystatl. The crystal [9) 1o woanted

Gl e abn wlorvpusitioner Dobricatod specittieally Forounis

t
e e b L posilicuer foeclllnaten View iy ol Gl pde
Gi e vt v a T bdek wurioce byoLhe vicwbagy oplics as o owell

o ovastny Lo optieal alitaciig 0L Lae sy,

Che vaeowloy oplics concist o or sid o pritiacy optlceal ele-
eate. Tie lorescope vugective (03] Lsoa 500X Loay worklop
Gistonee opbie. tioae tollowed Ly o Helle quarter-wave
Plate (19 wirtn Lls Last and siow ases orflented the salie s
V1], Cule quarter-wave plate converts the spatially pliase
coddlated elliptical read Light frowm the crystal to liocar
polarization.  The anctyeer [20] ds oriented Lo provide
Loclaam cxbloction to Light oot phise wodulated by the
Crystal. T divection correzpoids Lo an aligle Y0 deprecy
Ltow the outpat polartzatieon ot the Laser plus a correction
Gl oaine degrees Lor optical activity. lhe cyepiece [21]

provides anebier 1ol ot wapgnilication and tocuses the Laage

Al adictance o uhout five cenbivlers o to the cativode ol

thie Sony SYC=-3200 viddeo ¢onera [ 2300 e H323R riloer 2]
Dl s owrite liphts as oveld) oas aay ecttaancous coon gl
Che Video Caiieva il pat Ls pansed (hoowgnt o Panasonic Au-
DU VO T2a) tor recordan, Looa Pavascnide video monitor
Pis) tor Viewide. oA lentooeicon /Yua escrlioscope [Zo] with
RN SA L bace amodulted o oy tarcba anaysis s connedt-

oo a bl oo rseb Lo It N levels ulﬂnﬁ iy

Selested IV o senen Lines tng s ety s Lawportantt fov

DY, Y SRTerorenen. N1
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[ 2] Ls wcecessdary to reduce the frradiance of the laser to a

Level that will rov damae the crystal. The Jodon spatizl

rolier and beaw expander |[5)] provide a collimated vecm 1t
the Livaye plane {a). Tao shunter (5] provides o way Co

control wivea the vrite beaw 15 on the crystal, The trons-

parcocy o pluhole located at the fwdage plane is imayed

'. PPN .__!L

turough the 19,5 ¢cw lens |7) onto the crystal surtface.  ‘fhe
<. o

wirror (0] can be trlted i Lwo daes to allow moveument of

Cuie Ll?l.xz')u over dhic cry'sl.al surface.

t
U
2

The read bean path starts wicn thie Spectra Physics 125
ttelians Neon luser [19]. The quuarter-wave plate [11] con-
verts the linearly polarized fielle beaw to circulur polar-
Leation.  Circular polarization rather than linear polariza-
tron is used for device readout to preclude directional
Lriteilopy of the input latapge.s Divectional filtering is
discussed 1o the next section.,  The prism [12] uses total
titteindal reflection to turu tue peam tareugh a 90 degree
abgbe and matntala good beanm quality.  The ND #0.5
vilter [13)] 15 placed to reduce Che intensity of the read

beai.  Ihe aperture [la) oo placed to help eliminate scat-

tered Lipht Lrom Cile prisw, quafter-wave plate, and ND

tilcer while the shaccer [15] controls the on-tfiwe of the

0 . . ®
road bean, The Jodon {lo] Lilters and colliwates the laser 1
boanm.  The aperture [ 17]) provides a metnod obf controlling \q

the spol size o Lhe read Deam on the crystal as well ag
i

Jaseriny, the beaw 1s nermal to the crystal surtace. The
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pive 22 Eupeciawental 013 Pelld Device

aod protection Crow the hondling and operating stresses or

0
) ‘I_Ai!i;_

cuapelimention.  Figure P2 shows a cowpleced curvent-
{ Ne

conducting PRI device. beralls on the wounting procedure

are lound in Appendis B,

KPR, 3%

L. P

i Boevice Ferrorwance Investlpation
Gynamle Image Sceleculon.  Tae theory and wanitestation

ol Jdynainle lmape selection was cuvered iu Chaptev [L. 0 The

Lack ot pubiished wasteridal on an American device oxhidlviving

¢
drtanie bingre selection Ls puszling siuce the results of
cires eapercvaent concelavively demonstrate the elftect,

' Fapevimental Apparaius. The eaperimental apoara-

tus tised to investipalbe Chils pargieter 1s shown 1o Fipure 23.
& <

fhece are two tialn bean paths, write and vead, involved
. [ 1 Cisls exnperinent.  The wrice bean path starts wich the

Lpvoetra Pavsics T2A Arvon Lo Laser [T The Wb #1 tiltec
i : ¥
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Tratspasent Chromian Rear Surtace klectrode

Filg. 21, wlectrouve Pattern Deposited on B850 Crystal

clectrode application was <hosen.

The clovtrode waterial chiosen was chromiun., There wverc
Lwo Yewsotts vwhy thls material was chosen rather than cthose
need by the Soviets. virsc, platiaus and indium oxlde were
ot avellable 1o sulbicient quantity. Second, chrowmiun
Lo Yeported o have pgoovs adhierance to LSO (05:233) as well
an Liaving good counductivity atd transmissivity Lir very thin
ciles 2200139,

klectrode depoosition.  The 380 crystals avre | o
oqUeiv, Lo prouvide tec a large active area and yet vrevenc
shorts between the top wnd bocton electrodes, a & um strip
wan dJdueposited on cact side of the crystal, The pattern is
Drdecated in Fipere 21,

Loetalls on tie depousitlon proceaure and vacuuin chiamber

arc oaviitlaole Lo :‘tl:[;t:ll;’“,{ £
Doevice liounrcing.,  the BSO crystal is swall aond fvapile.
Lacrelore g wountluy was deslgned to allow easy pusitioning

30
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tance,  The clectrodes wmst wect throe usaln criteria:

e  frausparenc

2, Conductive

3. Good adaercuce to ooystal
Two caudldates moeet these criterio, Ligald slevtredes and
thiva wetal clectrodes.  Because ol tne neeld tor scod curvent
cuilduction, only strony ¢lectrolyies (33:2100 wece congid-
coed por the Liquid elecivedes: The two clectrelyies teste
were phosphiorie acld aand sodivg chiloeride solution,  These
Liquid electrodes proved to be uasur? wole ol several veu-
S0hs. O cledivode solution el Ul phosphoric actd, wion a
cotductivity; i 9. waho/em caused etelilay 01 (he crystal
atter 30 winutes. Tils etching chanpged o nlgaly polished
cryotal surtace iale oue reseabling ground gluass.  The other
seolullon was unsuitable because Ity cunductivity chaaged
wiiic (o, dnder direct coavreae, the sodigim and hloride
fous mlerate Lo Lhe caode and catnode surtaces of tive ¢clr-
cust (3o:30%). Inls action creares @ 'sheatn' 0of lons and
whoen tested experimcentally caused a roeduction in the Liquid
comducolvity by a4 Factor of vigno. The final reason thesc
clectrodes were rejected was that they Llow and evaporate,

letal electredes are uighlyv conductive and nonilowing.

Tie Soviet devices woere fubricated with platinum or iadium
walde clectrodes that were deposited by vacoun evaporation
or Spoableriieg. A vacuuwe Chowber was avallable wich support

e

cqnipinent 1or evaporation Jeposition, so chis method wlt
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Toalcatlon b vouw Uewperature) Jdonor conceatration than

thatl ot oCic:r B5O fngter tal,

bevice (:A\/xl.”i CaaC L Lt

besion Considerations.  The nrisary concideracion in

(e contstrection ol the varrent-condacting PRIZ, was Lo make

an Anerican Jdovice as siuwilar s possible to the Sovieu
device,  Clhe Constiaints favolved Ln tnis process were
tirst, the liwited counctraection detalls avallable in the
Suviet Literatuce, and secona, the eaperimental and con-
stractivi cqulpuent availlable.  The Soviet construction
poeidecters are discussed 1n Chapteco 11,

Bod Crystale The crvstals to be usca were supplicd by

Govstol Tectmiaoloupy o1 Palo Alto, Califovnia, with the fol-
[ ) ]

Lowtay specificativus (1)

SLf€eianseeses | Ccm X 1 ¢m
Thichiuuss.oe.. .5 mm
O P S VS S S X4

Opitical Quality

Tovee crystals or the (111) cut were ordeced.  The
crystal cul selected ror use Lo this e«ps ciment wos the
Ch1i) et becadse ot TUs reported suitabiility for imape
processiuy 1103321,

Flectrode Selecrion,  The clectrodes used to impress

Clic Longiitadinal B-fieid on thie PRUEG were of cvitical fapor-
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Fip. 20, Current vs Voloape Response ob 550 Sauaple

duv Lo Capacitance in the crystal and Lopat lines haa daweped
gl

Compurisuvn, ‘The device showed an

Results and
oliic curreut response trow 10 volis to 2000 volts.  Fipure
20 shiows Che current versus voltape characteristics of the
device.  The slope of the graph as well as the physicul
divtenslons ol the aclive arca of the crystal, 6w x o nm ¥
.0 30 i, pives o conductivity of 34042 X 1071 oh b ocatl
Thie varics sipniticantly from the publisned conductivity or
Ju R uLm_1 cu ! (2:493). This variadation s

e bioved 1o b due Lo o hisher sialfow (sipgnioteant theraad
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curtent through the Pell Lo o vequivewment of thie dynoomice

LA e M e

-~

NS seloection Lvatuare. The guweunt of curcent coundacted
Qide- U Lie Qiph tleld (ZJU-aU 6V, cu) conditloins ol tite carrent -

Conducting PRLS plves Tapuilant watoraation on the donor

iad Bt amcian am g

Concenirat Lot dedl L conddticcioa boed. The Jdonove Levels

and deasivecs deive (he pavsical properties of tie cryscals

aind Ltherelove oo pedlordiance il i PELZ device,
Papeciwoeat oL Appalatis. The experluaental apparacus

died tu measure the dark conductivity of B30 i3 shown in

Flpure 19, lhe piluvanmeter was a nelthley 417 with 4 cenoce

apliticre the auplifrey wias Located close to the crystal

o the lead Lensths woere short, and hoenee resistauces and

pardasiile Ccapacitances vere Kept to g wininum. A Keltitley

®

Sao tiigoh Voltaye Supply provided direct current to che
crystal. 1ne oscilleoscope provided a wmetihod to view the
(Cansicnl Ccurrent response o0 tne device., The resistor
acted as v current liwites to protect both the ¢rystal and
Che preoammetor. NMeasurcueils were taken with tie cryscal

g in Lhe dark to climinate the photoconductivity coutribution,

P-. R .

\ The rovil Cewperatule was approxiwdtely 22 qeprecs Centigrade

!

: althouph no provisioa was made to centrol or lnvestigate
Lalys Dalane e,

$0

- baperinental Procedures 1ae voltape was set ou

{ Lapertiheh b VT oG e e

» thie power supply and Che curvent read frow the preoamueter

[

b Jdiale A one miroute valt was observed bectween voltape apply-

P. -

; cation and date veodine, nls want pnmored taal Cransioenty

!

®

o

L ‘)
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Fig. 19, Lare Conductivity Heasureuaent Apparatus

level (s assuctated withh o grlicon vacuncy in the cryscal
Lattlee.s  bucads o the puolished and fa-house wmeasurements
dre e oat L.00 eV, the dewvor energy level and densivy are
considered to oo Charcetecistic of bUU. The large
diiveveinee between the pubiishned and in-house neasurcments

t

boelweoit 2o oV and .60 eV ois assusied to be Jdue to

iy

airrtorenc levels/densiiies of doanoro/inparvitices.  The ia-

oo e dloaddrmeints Coased gt H1ay A Lo ddlLd Detweonh the
Concductlon band oad 2040 oV 1s nok Lhowrn. pecanse the 2,40

7

VLo ZanUo eV ratye s quite narcow (whea cowpared to the
TN Vo ' ST HSU Firvare %) 1o sl Llatic IR
cabe oy Lo dib a0 DOU, Lydre 3), e varitaltion o
abnorpllon Cucblileicuts trow putslish Lipures is uot

cons tdoered abniocmat,

Conductivity. Bod s an scuwil-insulator wmaterial
bevatice ol Ly wide bandpap and deep dounor levels, However,

oo discussed La Ghaprer 1L, the conduction of u direct

31
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Fig., 15. Aovsorption Cociiicient (« ) vs Wavelengtn (1) for
B0 - Publisted (346:1673) and licasuved Results

a 1n kuown as Che absorptlon coettficient in cw™ ! where d
is tue torckacss ta centinieters, witin all the other factors

Causing attendation ot ciee beam gccounted for, the absorp-

Cion coctlicrent can be caleulated frow the csperimental
Jata,

A compariscn of these results and those published for

puO are showin Lo Pipare 18, The waveloopgths avallable o

tae Lipht sourco were Limited to the waro Liacvs of the

arpon-ion laser. ‘‘ne daca shows that the avsorpiion

covlticients for Ghe Lested waterial wateh ae 4705 A which

coriesponds to tiee 2,60 ¢V odonor level in bsu. The douor
30
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* iz, 17. Abscvption Coellicient Measaicaent Apparatus
[«

5 abnOlptive wedia, and another reflection delore peing uea-
b

i suled,

:“ \e The attount o ligat reflected from the first surface

was cowpuled using the Fresoel foruula fov refleccion of
Fiabht polartecd parallel to the plune of iucidence (10:75).

The o cwoant of bipnt reficcted trom the scecond incerface

covobved polaricaiion componenty toth parallel and perpendl -

vy
. ’
A .'.-"

. o
o

cibar o the plane of incidence becadse ol the optical

Lo

activity ot e ervslal,
{ The absorption ob coerpgy Do the wedici ca be wodeled

as anexponenticl decay ol the fncident intensity T,

T
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I3 Lo, 2. RS ST RS HobvoUooin ol boovi (335 rinaole
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v bhe word Tedsdie s Can iy hiieh and Y03 e Lonweg.

fA\.'LlLL; SL2e o ol ot o (SO Illf-._,li.l'l',j,.:'_,‘;l Wit mb. ',)1‘; L)L‘li",i*'
Bal due Lo tie wasadiican lon Daciod O3 viie Ly lap optice.
Gl Y nows Lhic ueVice rteproduction of owne plhuiole alber
L g becen oved bovisonrally o the caohic. Tae wrishn
Bonds ol vt Loadbuiog o Che Lot ave amamifestalion oy
cptlcal wenory rowm diic edge-cnitainced soctoons 00 Lhe i, e,
Uptical vewary an capluieoad Darer Ta o this chapoes. he

)

LopphCest portlon of Ui dnagee i the Loading edoc. Tae
Cralling vapge Soes ool reproduce well virich cann be olteritbue-
v Lo efandde ey toe hiphe Tovels of welte-ligohe ased.

a photoor g ol the twaped lecteriog is shown in Fipure

o, whiibe Fignve 07 shows the devico reproduction of clie
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SO LLY Dmage.  The phivtopraph was Laken approxiaately 0.3

i

vocouds adter writesbeaw cara-oc. ite paitorn aad couplete-
Ly disappeaced by too secomds, Movenent of tnts paliern
Cosicod tavreased lignt cutpuc alony the wove bl Urdek, but
flic e e was Lol resolvache as letiters, prowably due to
choulliclent devico spaliak iesolullon,

The device Jdeblnately shiows o Lacreasod Lipnht output
conucLated with the cdpes ol an Inpuat Lways tnowetion. Ho
velpat oevere when the lwmage bs staCtlotary Lo preater than
one second, Theoe Uwo oboervetions are characueristic of

dyaaaie Lupe Loelection and are therelore consideced proor

ol the oltect,

Diveciroia! Filtevinpg, Directional filtering refers to
Che suppresolon ol Lape information that Ly oriented in a
particutar Jdircctivn. The effect occurs in all versious ot
the PRLYZ witen lincarly polarized lignt is used for device
Coadotie.  the filtered dirccecion is dependent uvpon the
viteintanion of the read beam vector and ithe cigenvectors of

-~

fneo wndex ellipsoid. tne dnternal transverse field !
asscclated with an edge (boundary beryeen a Lipght aad darck
arca) tn the write-1n tasgee will be directed nocinal to chat

cldpes AL Indrented o Cheptes 11, the elpenvectors or the
Pndeen o Ltipsold are dependent on the divection of the traas-
Jorsne Licla.  pPrpure 9 illustlrates tnls bact.  Vhen the
vector ol the readout Lipht 'BJ‘K', defined Ly thie angle

[
1 y

i oparallel to o one ot the propavatlon clpenvectornrs,

kL
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oy thal solution will be cxciced.  Siance lignt cutput in
Cats ol bgurdelun 1s dependoent upon o pllase chaage Letwaeen
Lwo conponeils and the daalycer, the end resulc is that aa
cdoe urleated pormael to the spatially riliered dicrection
Wil ot be reproduced.

Capetimental Appordatus and Procedure. the Lppa-
Satus Lol thds capecinent wvas tdencical to Fipure 23 exdcept
Lual Che quarter-wave plate [11] was replaced by o hall-wave
plate, and the quarter-wave plate | 1Y} was reacved.  Tthe
bt -wave plute aliows selociion ot tne polarication direc-
Sl ool Dl read lasor wl«.Lcn, Lor tnis m;i'u;riumm:. Was
vertivals  Tne rowmoval orp thie quarter-vave plates from the
read beaes path causes the bheaa to Yewaio linedrly polarized,
oo read polarczation 1s vequiced for the PRIS o eanibit
divectional ciltertoes The analyser 1o uriented horizodtal-
by (bl Y deprecs Cor eplical actlivity) to suppress the
dcaacuabared portions or e read veam.s The input lmape [

plobioles tntensitivs ot the arpon i1on and Helle

[ S TV I PONT
Cy . i . - L iy 2 Lo :

WL aad read Deads were set ol 304 phve /il T when the

LUl le fe o shatier was opeaned, an edpe-entianced,

dicect ponaabdy ttliered version olb the pinhole appeared uad

P faded 1noabont o sceeonds This Luage was recorded on

Lo YU aoad the orieatdatlon of tne crystal reccorded.  Subsce-

Grvat WG polin s vere Lakenn DY Yolat log the crystal coua-

P ook lae arcund Chie onds ol Livht propagation and ve-

Puab L cie Wiale-1o and VO recording stoeps. The ceflect ot

. i .
Pl the orgacad was Lo rolate the vector By ol the
G0
"o K \.» S ~ S e e e e = " P T WPy
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Fre. 2. Filvered Lircectlons vs Kead Beam Orientation

foad bean clockwlse withreopecet tou the crystal,

Results aud Cowparison. The riltered directions
cvasured for light facident on the negative electrode agrees
with the theory., Fipgure 28 shows experimental ly measured
Veirsus theoretical values of the filrtered direction for

varlous rolation angles of he redd beam vector.  Sovioet

rescarchers poslulate that the electrooptically active darea

FDWINN. JVSAITN

or the curvent-conducting PRLIZ 1s located near the negacive

o\

cloectrede (2% 1vo). Since dicectional tiloering is depen-

dentupon the read beaw vector being parallel to one ot the %
: : A

clecnveclore, Lhe apparait viltered dircetion wili shitc Kk
L
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when the read e vectoy o rovated dee 0 O}‘Iji\.‘ul aCTLvl-

\ Ly. ihe socomd cer b ol polnly stivws the tiltered
direcetions oblaiced whicn thie voltage polarity on the cerystal
Was reversed. Uhas veveosoadl etieciively places the dactive
wrica ol L covstal o atter o volunme of optically active BSO,
Lhheveby rotalirnsg the read Loeaan vectore With liphe incident
on thie posetilve electrode, the filtered direction shifts an
average o o sla deprces Trom the negcative incidence coaoie.
dhlo appeays Lo o verily raat the electrooptically active aiea
o the ervatal voilaie s Locared nedar e negalbive eloc-
Lront o A tydcal spatially tittered g o s shown in
Floare 2Ye o Lals photoprapi s vivtually identical to pub-
Listed sovicl resalts using fne sawe Lype of inpul Liape
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Upticol Hemorye Optical weaory is dellned as the
Cetention of an optilcal charpe pattern artec the write light
Lias bDoecint cemoved.,  tae weorage Liwe obf thls pattern iy
epueinteat o the dicleceric relaratlion time, 1o sowe wmatoer-
Labls, stovage tlwes 0L dp Lo Ly yedrs have cecn repoercted
Cie0229)0 the Lenpin ol opticael mewory in the standard PRLEZ
fas been previously establisoed (11:33847) however, the dura-
Clolt 0 Ehe mediory Lo the current-conducting PRIZ 1s not
sentioned Lo the Llrevature,  I'nis erxperiment was desipned
(o delctalne under woat cvaditlions the device exhibics
wewory and, i1 does, for hew toay.

Laperimental Apparctus.  The caperiumencal apparat-
un bsoa deplicate of chat used foo the directional filtering
caperinent, chown lo Fipgure 23, Toe write-in lmage was once
il the G0 we prahole, and the write Light power delivered
Vets approsinatoly 300 puw.  For thils caperlwent, the quount
vi enerey Jdelivered to the coyotal vas controlled by opendag
Che shatter for 9.5 seconds, corresponding to 150 pd. T'nis
chergy level dppeared to creave the brightest spot and
Lovipgest~-Lived taage. The Hodle 1ntensity was sct at 100

. z
prvi, ChdTT .

rrpoecinental Precedure.  To assure that the charge
caleern oweddld wot be crased by stray photopgenerated elec-
Lo, Lhe cxpertmental avea was wade dack caoupil Lo ¢onsl -
der Lthe stray Light nepligible.  Previous paltoerns weve

crased by eaposing the ervstal to a mercury penlight for one

slrcite o thien obuerving o Lwo winute vait Lor recombiaa-
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Lion Lo oceur, The power supply aad other wuipument were
wirnoand ap, stubilized snd tnon o che voltape (1000 voles)
Coaneeled aeruss tie erystals Arter waltlop one winute Lox
tiwe Lrausient curreats Lo deawp oul, the wrlte beaw was
prlsed ot to the devices  Tlaing Lor optical wewery was
slarted at this polnd o chieck bor optical mcmory, o read
Liphit nad o be passed chrouph the crvystal.  Toue read lipht
was Lartned on alter the tine peing chiecked had clapscas Lt
< ooutput as visiple on thie TV nonicor, the experineat was
repeated with o tonpes wadll Cle.s The maXLnud memery tlae
corresponded to the laost visidle pattern,

A secvind procedare used to chieck the wewory tiae was Lo
turn of £ the power oupply alter che write-in pulse.  When
Lhiee weaory time to bLe chiceked had clapeed, poth thie power
sepply and the read bean were turoncd on simultanecusly.

The last procedare used to check thie wenory time was LO
turn che read and write beaws on simultuneously and leave
the read beai one The VOR was used to record the decay of
Lthe faape.

Resules and Comparison.  The device demonstrates
oplical wewory focup te 20 minutes Lo che davk when the
power supply is Left one 1L the power supply is turned ofl
altoer wrlte-1n, the wemory tiame drops to around 30 seconds,
e Jranatie diftercence in these two mewory times way be dae

Lo turn ou/oll transiceuts in the power supplyv.,  Anothoer

hrpotiiesis io that encess charve (electrons) is bullt up ac

e u
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the tliisulator-clectrode bouadries ol tne device while direct

= casrent ls blowing., Gurn-oirl of the power supply allowe the
cnless Cllarge Lo redistoibute withiln che pulic or che device,
Clias ol lowing o scounlnation and ience crusure of the sitored
Cudrpce pattert, The wadluuig wenory tlue recorded when tie ;Jﬁ
read beaw was Ledt on vwas 10 seconds. Toly tinme was record- '
cdab Tuou velus pover supply and 250 uw/cm2 redd beam
Littenslty.  The shorv wemory Ciwe Lo this procedure is best ]
|
cAaplained by erasure of the pattern by the read beam. For
Comparison, Soviet PRiZ devices (with diclectric lavers) ]
fave ceported wemory Cimes OF cine mwinute in the dark and 10- .].
20 seconds under high (2 mW/cm:) read Light inteasity 2
iY1:56a7). he Prbd, however does not conduct a direct
Ne cdrrent. ;
-

sdditional Ubservation

Two additional pueaowenon were cucountered during the
current-conducoing PREZ pertormaance analysis. These
pucilowciion were ot pursued, but their existance way be of
Japortance o buture Lhovestigators. The tirst puaenoilenon
ccodintered vas Ltaser induced dawage to the crysctal and to
the chirowidm electrodes,  The scecond phenomenon was an
oscillation tn the ligoe outpat trow the device that was
aceonpaitted by oscrllatioo of the current conducted through
Uhie device.,

Foaser Indinced Dawepe. The B30 crystal proved to be

Vv i be dnd susceptanle to damage brow the high ficelds

[
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Filo. 30, Laser Laduaced Damepe oo Boll Cryvscas - Galastiropate

induced by the luser ligtho.  ruigure 30 is a phocosraph or g

Ne

oo Lhol was Lacdvercencly created chrougih Lhe tace ol Loe
P »Y

crystal. Toe fleld voltage was set at 1600 volts, while Che

. . . . 2o - .
AVsoa dun Taser wabs o sel at 0.0 W/ew” Lotongsity. e hole

Feseables the conleal fracture pattecn caused by o BB golng

alite olass window. The [ractuve starts on the

i .
1 {

toroapl d
vegal Lve heewrode with oa oswall (v ol mm diascter) nole .;

“{
Plaring vull Lo o Do didawmecer exit noles The wost
probaile mechanism in diclectric breakdown of tne BEU due to
(e alyi currene density caused by the laser wad bigh Uleld.
dich tleld voltages (above 1000 V), and bigh vrite-ligiht

h t. S < [

. . . : ' "‘ i i L i . ;
futensitics (above Y ww/cm<;, shoald be avoided to preclade

I fds type of cacastrophic damage.
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Fig. 4. Lascr Indacceu Dakiage Ln 450 Jrystal - cleclrode
Jivration
Tae sevond intereciing instance of luser induced

doanire Involved o wigraicion of che cuiromiuin elec code

ot rlal te w hiiglhe Tleld areas Mipure 31 15 o photograph of
Lite patbers caused by o "oOiinLl” fluput toage. The
darsening or the letters and the dendritic trails are due to
Clizww it mlgracion,  ‘the wost Intevesting aspeco of tnis
pocurcence 1s thae the pattern Is writblen on the baclk of the
crystal.  The dawaze occurred with the write light incident
il tite Lrone clectoode, the front clectrode ot nesative
potentlal, and tne Tireld vollegs set gt 2000 volts., The
Write Lipht wotensoly was epprodimately 500 LW/ s,

Llent and Cuvcert Oncillations.  The phase cliange

ocduced Lo a0 plane wave propapyating through o cuarcent -

23
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Condac baae YRt oy duﬂ<annL i Lhie Lol ok or Ulie
clUansverce Plebd tacongic tac vrrseatl voluiwes Soviedn
Foseatehers Have Ladicaced thU seae of the soluattons Lo
Lo intepral charaoteristie wrle osclllatory 1o nature.
T, osClllativa shoald Lo voselvanle o oo Thevker 1n o«
reproduced Laoape (s, Lo seviet etpertmental results
Woete prosctled Lo sipport Gris conte bas ion. Hovever,
Gectleanr studies of o related material, B1y,Cetyy, do
deserebe ao oscibllation Lo Lae current conducted through the
daborial that is depenuwsnal on the neidene Lipght fatensity
wid o the elecuric vield (l'.,‘:!“\:"d).

botn Light wid cavrent oscillations werce vbserved
duciay capetvlacatation wivn tho current-conducting PRLIZ,
Steadsz=otote Light ooeillations with a rate frow 3 to 10 He
Vore observed wich correspondiay curceant oscitlations.,  The
current oooLilavton occerred Pwo to three orders of woaoni-
Linde clow Coe norual curvent tlow diae to dark cuvrent and
puoteetectrons, The rate b the ogelllations depended on
(o thteasity ob the wrate Ligho, tive ticld voltape, and the
Piwe.  For oo sel datenslty and fleld voltage, the
gnetllaiiton scaceod vab 2t a0 rapid pace (wver 30 b} and

’

cady valae,  Ineccasing the wrale

Ctien decceaned Lood o getar
Lt Titetinly ol ide tre Ll volvape vtended 10 Siew the
nuiblavron race. Lo GbLelvaltlons are Lo duallcdiive

Jreciiens gttt Lhie bovioe prediobion. boodeved Lite Hoviel

rescarchers indicate that toe osceiliation 14 welbn doonped,

cld Lils wes Lot veretaeed Ly Uils coperiaents T
vy
PR R P e ol ool _, M. N . NP a2 'y o
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Ve suamary and Recomnendatlons Lor Purciier Rescarch

DU 0
Tue prrwmary cla ool Lices study was Lo constouct and

ar ol e Peln span ol Lighoe meaalator that csniviced the

dyrnadl o tagre noelsotron clbeat. To ‘,xL'C\)m;)Li_.‘_;h thig ailm,
Chiden ulia avelaes woele bollowed. Thoese avenues woere bs(

aaterral Lavestizateon, cacreitt-conddetiay, Pils construc-
Plon, and device perlursance duialysis,

Thoe BHO wsed b tils Thesis Vas found Lo be siwilur to
Craal cvove by other succloen rescareliers. LUy opeical actl-
Sty aedd Ladox o relraction peritornance watched pubtished
Cesnctse The abcorpoion cociticrents dud conductivity med-
Sullcia s however, were dirlerent tion published Digures,
Lo adacebeiicey we ce sitribuled vo ditleront lupurily
chen oy Levels Lad densicies walch coaused Lower abrorprion
coclbicitents (Witniua e range Lested), and nlplier conducti-
VILY,

tiie aoboniblod device wao sinilar to the Sovier devices
cacent tor thie eloctrode material and possiply the wounting
Cochalgues The ctirvmlun electrodes selectod Lo the experi-
Henbal device pertovuaed well aod were relatively easy to
apolve The wounting technigue way have becn different, but
Tl cooctul Le owvedlated becasoe detarls on the Soviet tech-
e eves ol pab by d.

G pedioteeace ol tie enperinental device for dynamic
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Appendix b: hounting Proceduves

The plated 850 crysceul was wounted over an 8 na s-Juare

hole in a plesipgiass wmlcroscope slides This hole was cur to
feep plealplass rrow interlering ia the viewiay patit.  Power

supply Lleads wvere attacned to the plesipglass with silver-
filled epony and junpered to the crystal elecerodes by

strips of aluminum toil. Silver circuic board paint wvas

used to attach the foill jumpers to the ¢lectrodes on the

crystal surface. Tie crystal was held in place on the

plenigluss surfuace by o small drop o silver paint between

the bottow electrode and the plexiglass. This drop of paint

wlso funccicned as the current path for the reuar power
supply jumper.

Tne slide was then attached to a specially fabricated 5-

aris wicropositivner., Tnis micropositioner allows two
ot calibrated translational freedom normal to the

depgrees

beait path and three Jdegrees of rotation.  This capabilicy

veralts accarace and repeatable crystal positioning.,
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Vecuun Chanber Inioraacion

The evaporation Chaaber uovd was o Za-inceh bell jar thac
wWao eVactalod by o wechaoical roughing punp and a Jdittusion
puisp witn o Freon~cooled cold trap.  The vacuawm level in the
Chiamber woas wonitored by o Ltoerwocouple gauge and o Granville-
VLillips 2u-750 lon CGauge with fjodel 260 gauge contreller,
Pover Lo the Lungsten Pilawent was coutroiled by a Variac
conhecired o o 1 te o Catio current cranstormer.  Gaupes
were rustalled on oehie scecondary side of chie current Lratis-

Lordvs Lo amunitor the input power to the tungsten Lilancnt,
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1 Appendix A:  Klectvode Deposicion liechod and Vacuum
Chamber Toronsation
3

S, JUN

. . 4
klectrode Licposition Hethod 4
4
F Leposition of tihwe chrowiuvim electrodes on tive b0 crys- —
Lal was accomplished by vacuuw evaporation, Subliunation of N
- chiromium occurs when it is heated above 14009 Centigrade in -]
3 A ) s , . . N
~ pressares ot Less than 107° torr (20:1-41).  1or this 3
i experiment, a 0.9 graa auygpet of 99.999%% pure chrowium wWas E
P E
[ : ]
resisively heated in oa basket Lormed by a helicaily wound,
3 o
I shigle utrand, tungsten filament, The vacuuw pressure vas a
{ 107Y% turr aud the pellet was heated for one minuce. ]
L :
3 The clectrode pattern was controlled by wasking che
ﬁ Qe crystal surface (leaving a4 6 miw stvrip), and placing the masked ;
| ¢
-1

crystal oo awstage tocated 35,2 ¢ above the chromiun

LSbarfue,

Several tests, with plass microscope slides as the tar-

Gl Ve

sel osubsirate, resulted ia chrowium £ilwms of 42%

trauswisgivity.,  This wacarrevted transwissivity tigure vas

obtatined by messuring the ractto of Uelie laser inteaslty
puassed by o plated versus unplated section vl the slide.
Tae Cransurssivitly tisuce ob 42% corresponds to a tilm
thicikness ol 37 N (39:234) .

The opposite Lace of the ¢rystal was plauted as shiewn in

. . 9
Figare 21 Lo provide a central active arca or 0.30 cu-,
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oo, an eacellent replacewent would Le o broad spectram

Lncandescent aind 0 series vl narrow band tilters.  The

advantages ol this source  would be to provide coutrullavle
Paput tnteasity Lo oa wide selection ol wvavelengths,

The Tinal darea Lnat could woe fuprovemcat is the uata

3 . . . . ~
) collection and analysils cquipaent.  loavescigation of the ]
N : - . -
: Leaporel propectics ol che device requires g hoown start aid -
b =
( - ‘
A LD perint Lo oveals within tne edperliuwental precedure. q
i

synenronizabion ol tie write-beam wich the recording appdra-

Lus 13 & tiust Lor accurate tiwme mcasurenents. A deskrop

FUN

cowmputec, such as the Zenitu Z-140, with approupriate inter-

facing, could vasily undle the timing tasks as well as any

required conitoring, coutrol, and data collecuion.
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hopping) that wost clearly retloets the operation of the
device needs o be torualated,  Toaese wodels would be very
valuanle Tu o predictias doevice perforaaace and possible
chibldcecnt s,

bquipment Conclderatlons.  tqulpment limitations durioy

Cirls siady plavea o cole L the evateat aind gquality obf the

recocded dat, foe chree specitic arcas that need dwprove-

Tl el e The Vicwib, oy, LL(“,
(.

collbeviron et analysits cqulpuentc,

B soucrces, and the data

Jhe viieewlne optiies caused the most noticeable proovlews
v Latroduc vy Iolerdoerence and aberracion inco the rinal
Lendyes die prilaccy moewnod to o alleviate thals proslem would
Deoto use antl-retlection (A/R) coated opties 1o the read
e pathe Another scurce of abervavion was tne organic

polarizer usea fLor e experiuwent, A higher quality (cosme-

tlcelly ac well ws functionally) analyzer would do wuch to

Luprove the final twape. A cownercially available unit is
tite Oriel Model 27300 Film Linear Polarizer wirh an aA/KR
coating Lor uv323 A.

The light sources were limited 1n two ways., First, the
Heile Laser used for the read beaw produced a poor quality
(multimode, spatially inhowmogencous) beam. ‘Lhe use of aper-

tures and spatial filcers did not suifice to get the ideal

Cead beaw vnich is a plane wave of unliorm iutensicy with
controllable polasiczation., Second, the write-light source
Arpgon ion laser) was limited to four primary wavelenypths,

Since collereice Ls oot an luportant ltactor [or the write
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resalies. Tiee Sovied rtewulls wre couchcd ia teras ob Che
diltiraction etfilciceacy wiich fLortunately is coavenioent and
)

teatitewaticalty aallennle. The experiment couid be coniipured

o sleasut: the ditivaction eifiicicocy of tie device, thus

providiag Jdirect cowparisoin with the Soviet results. Orat-

O Loys ol varcous poeriods coan be ovtained with an intecferon-
LUy arrianpehiicnt witile Lenporal characterisctics can be
s ¢

{]gl Lhvestlpgated tovoush wrlte beam iatensity wmodalation, chop-
1 sl Gind nmechiaalenl wovenent,
!

Aboliler ared of Ioterest Lo the Cemporal variation ot
r N . . . . - 1
o the piotocondaccivity and Light output For pulse and step

Liputs.  The answers Lo these questions would provide vala-

ffv""_.‘

able Lusipght Loto the cliarpe Lransport wechanitsm aud optical
Cratistoey Chadacteristic ol the device,

Theoretical Developuent. o model of the aynawic image
suleciron elivet has becen publisned by the Soviets with the
Caviatb that 1t is an cawpirrcally based theory (10:190).  The
daterial and pertormance studies conducted in chils work and
sUppested fer Durther rescearch snouad allow refinement or
Line Soviel wmodel.

Two o primary arcas ol theoretical development arce
necded,  Flrst, the turec-diamensional cilaracteristics of the
tntecnal tields penerated by the photoreicactive cffect in

e currenc-conducting ¢rRlZ and the tomporal rnature ol thewe

cicbias shoald be lovestipated.s Second, 4 charye traasport

todel cuost Likely a combrnation of band transporce and

- g [~
4 oY
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There ale Lodr pPrLaary areas that are wortbwhile in

furthor iavestivacion or 050 and thne curvent-condusting

(g

YT
l !'I I -
.

Crl, 'hose abeas are:

—

. Additlionat characterization of vhe BSO
lua e Lal

2. Quantitative perforwance weasurencats on the
cAperincntal cuacrreant-conducting PRIZ

3. tneorecical work on Jdevice operation

4. wquipwenul upglade.

itgiesial Coharactecisiive., The paradseters of the B50
used 1n thils serlco OU experiwments proved to be slightly
Jilfverent, ospeciticaelly 1n absorption coefticients and con-
ductivity, thau e watecial analyced oy other studies. A
pmore thoroeel iavestigation vl the absorption cocfflicients

; vodld allow selection of optinmuw wavelengths and inctensities

Lor way operdctonal architecture, A sugpested amethod  would

b
be (o use d broad-spectruam light soavce and garrovw band
Lilters to entend the wethod used in this study.
The photoconductivity charactertstics of the material
Jutdld provide lasight Lato the band structure and requlired
tatienstiCy Levels For desired Levels o device pertoraance.
Al decurate ethod ob controlling and monitoriag the jnpat
Lignt inteazity is required for pooud correlacion wich the
restlts. A swested wedbiod would be to use a beamsplitier
S bna bl the Tatenslty could be continuously wonlueored,
Device Pertorwmanice.  Specifice intormation on the
° ohallo=teuporal percormance of an awerican butrlt current-

covducUing, P4 Ls necdod Lo conpare vath published Sovied

Ys)
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Loape soelection L5 qualitetlvely thie sate s the Soviero

devices. The oxperisent b Jdevice pertoracd dorectional
fiteering ion accocdance with pudlisted theory g exhibloed
optieal mewory 1o o tudber ol acldereat modes.

Pwo interestiuy plicnooeaon vicouniceced during esperi-
nieabalion, Lasceo indacad \lt‘h(tt’)v, i iind le!,ill: and current
osceilintion vere deserived Lo provide o reference [er tniure
Lavestloalors,

Vue dyaamic Laage selection phoenowocon Lthat Ls the
focus Lor thls obudy represeals a Lanciitonal capability ox
priue lwportdance.,  The respohise Lo the Clme-varying porciod
Gooaft Jiut ludpe o0 two-alnenslonal data rield represcnts a
ditrerentiation ol that Jdaca field with respect co tlae
s toy)e Tals oplircal data proucessing ovperation has appli-
Calions L ogystens such as cadar and missile vuidance thac
Fegaire selection o enhancement of a sipgnal Lrom a constant
Pt od notne backgeround (P1:05624). rurtiher seudy dlato thce
arfe.s Jiscussed douve 1y well justitied by thie potential
applications.,

Tie speciiie onjoective of Construacting and demongtral -
Loyt o BoULY tiealt cunribits dynamic Luape sclecllion was doCola-
plished aad supccstivns Tor Yurther researen that will mect

the urantitative need are covered fic the nest sectroo,

focombietdal Loes Loy Furtiter Rescaren

Fhe purpose of thls section 1s Lo ¢ opest the rescarci

directlons that ! oteel are wost appropridte.
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#A: ? ~ A PRIZ electrooptic spatial light modulator exhibiting
‘ ) dynamic image selection (current-conducting PRIZ) was con-

structed, demonstrated, and analyzed,

The current-conducting PRIZ was constructed by vacuun
depositing Eransparent chromium electrodes on the large
taces (1 cm”) of a thin (0,5mm) slice of (11l) cut Bismuth
Silicon Oxide (Bi,,SiO,  or BSO).

Dynamic image sel@ction was demonstrated by writing a
- moving image into the Jdevice with an Argon ion laser and
g observing the image reproduced by a circular.y polarized
HeNe laser readout beam, This experiment verifies the
dynamic image selection effect with a device constructed
) outside of the Soviet Union, an accomplishment not previous-
e | ly reported,

The BSO material was analyzed and found to exhibit
optical activity and retractive index values similar to
other American grown material, The conductivity and
absorption coefficients differed significantly from the
published results, being higher and lower, respectively,

e , The exper imental device exhibits directional filtering

’ in agreement with published theory and also exhibits optical
memory times of up to 20 minutes., T} L e §~A¥\\‘
L Ly ' )
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