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Researeh into the storncse of larpe amcunts of hipgh density,
Interrated dicitoel and anclopr laser information is, at present,
a relativety Vive iy ricla of investipsction. This rescarch is
intiror oy conneeto with e nodernication of storage and
retreivail o Lhe inrtoroation nnd data in various discivlines,
and the o blecr e cecciving a hish deqsree of interect and res-
pect e o wony reonle, ornally, people emnloy a Fourier integ-
rated Infopronier tarran an Lhe gstorace vehicle tor integrated

Inrornas i omy thic praetice has the aavantages listed below:

(1) #he o oas the siorggne ol retrieval of laree amounts
of high denectty Tororeatieon 1s concerned, this type of steorage
exhibits 1he Yol louwing Uive practieal characteristics:  high

duratiiicy, hi -t reiractive effticicney, high sifpnal te static

ratio, hioh resclacien, and goed brightness fidelity.

() Jtorce o and reicieval eg dpwent 1s simple; storage and
retricva ]l s fnot and conventeont,y and, with integrated informa-
tion store e oo, the vorpletonces of Tonferoattion which is
stored smd petrjicovad aoes pot sut'for {rom any verceptible Influ-
enee byoceeh probter e ono ceratches, dusty ete,

(3) Voluare vtarase otferas a capability ror repeated re-
cltorac o voectons inas of Intforroacion.

(") Voo of the geatlabile reehnelocy for renanufacturing

Intesr o fnta oot n plates makes tuel remanufacture casy,




The advantager above cannot be compared to microstorarge.

In constructing Youricr inteprated informntion diagrams,
the following metbod is uced. On a Fourler frecquency spectrum,
different objects normally iive out different informaticn waves
and prescnt dirferent freguency spectrum  dicuributionsy  they
normally also give out a set of periodic freguency spectrum
distributions - that is to scay, on an integravcd intformation
diacram, areas where light is concentrated form sharp, bright
lines., By the same token, areas where light is very weak appear
dark. This makes the light and dark arecas unable to be used
within tlie linear areas in which the emulsifier works. Bright
lines cause the emulsifier to reach sauvuration, and, conversely,
the dark areas are unable to ¢lfectively make usc of the emulsi-
fier. This causes the durability, refractive efficiency and
fidelity (irey tone level) of the information which 1s recorded

to drop greatly. Initially (1) dispersed focusing was used to

correct the problems discussed above, the surface being recorded
tas taken a section at a time and an accurate Fourler conversion
was made on the corresponding arca of the integrated information
diagram being used Tor the recording - that is to say, a process
of discrete focusing was used. At the present time, the fre-
aqucncy speetrum streneth which causes recording to take place on
the surface of the intesratced information diagram has become
relatively cven. However, the facl that the distance between
discrete focusings nust be chosenn on Lhe basis of the different
information sirnals receoived from different kinds of materials,

and that this dlstanee nust be arrived at experimentally, creates

protcsows with the practical application of this type of techni-
gue.  AMdaitionnlly, vhen the area of the Integrated informatlon
diaprom e fueroavod, the use of discrete focusing causes the

§

durability of tLre inTcroation Lo decrease.

In ocvder to overcome the problens discusscd above, we
! y
ode8s
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cuployed o random phose shitt werhoa witn a band=-sampling net




structure in order to accomplish the storage o:i' large amounts
of hirh dencity information. (2) The cize of the storare arca
was set by the limlits imposed by diffraction; within this areca,

the enercy from the Fourier transformation of frequency spectra

for various tyncs of informiation can achieve an even distribution.
Becausce of this, it is possible to use them within the srecial
curvilinear emulsifier arecas in the lincar functionins arcas of
the emulsificrs. Decause of this, it 1s possible to utilize

the entire emulsifier area and reach or exceed the reguirements
for high density, hich diffraction ¢fficiency., high resolution
capability and high light level fidelity. During the use of
randon phace shifft equipment, we used methods of manufacture
which were casy and cheap, and we achicved results in the sior-
age and retrieval of various types of information by the use of
random phase shift gear. Ve also offer for consideration a use-
ful method for the simultaneous storage and retrieval of digital

and analocg information through integrated information storage.
‘ TWO

The light path involved in the use of random phase shift
gear in integrated information is shown in the diagram in Fig. 1.
This method utilizes a lens close to the surface of the piece
o of information to be recorded, and, by the use of this lens
: arrangement, a Fourier transformation integrated information
i}. diagram is wmade. Light waves from the random phase shift equip-
ment used in conjunction with the band sampling grid net 2
- which is in close contact with the inflormation surface to be
recorded pass throuch a Fourier transformation lens. After
this, they are divided up by grid-structured, random phase
shift equipment into many lincs of informational light units
hased on tne random pimse shift deteeted in each unit. After
this, 2 Touricr transrormation surface {(interrated information

surfuace) can be formed by putting all these bands of light units

topether,




On a Fourier trancforn surface, the recoscillation range
of 1iyht A (&), can be desertbed using the equation below [2]:

N NMON o . i
A(L) - Cr ‘ 0N T ~agtica, dexpCdpdexp [i 2';; “)]d X eeee(])

m=a]l on=l

b . (1, win 15 =% pal o2 e
In this equation | N NS TR v 2

Lor(unﬁcf arv conditions)

x is the ceoordinate vector of the information surface; ¢
is the coordinate vector of the inteprated information diagram

surface (that Is, the Fourier surface); a is the coordinate

mn
{ vector for the center of the m and nth grid units selected.
I lmn Is the side--lengith of the sclected prid squarcs ¢mn is the
| rardom unit phase value of the m and nth grid units. 11 and N
‘ are the horizontal and vertical coordinnte numbers taken from

the saripling grid; £ is the focal length of the lens; A is the

wavelength of the light; Cr is a unitizing factor. Hmn(émn)

is the differcnce between unitized brightness and the pgrey tone

levels and usco ”l’ H2"'Hk to represent K of them, then, it is
- possible t2 ralsce them to #n undesignated intepral. Because of

this, the cquation above can be rewritten as:

R — K MOON oxii ] e
E ACE): Cr X 1, S o ¥ TOx -a Odexpld,,dexp [-l‘“fx ] dy €2)
TR k-1 m=1 n-1
» Tire setrensth level on the Pouricer trannformation surface,
](E), is the product of A(f' and its own complex conjugrate:
- .- [ ]
](é)"A(f-)A (t) [ (%)
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Fig. 2
. TV Mtroneth Distribution Diasram for Grid Network Frequency

e Whileh Bave Mot Pasaeod Theoush the Phase Shift CGear
s : S e r.*1.h victritution Diacvam for Grid Network Freoquency
. . St Wnbedy Have Passed Through the Phase Shift Gear.
¢

covordinge Lo self-cevident physieal laws [3], one can
volue for peosceillation ranse lipht strengths,
Theeovitae of the Fourder surface lipght distribution,
donowdircet pratio to the value of the Fourier trans

] ' Clen Cirop iy distribution of individual information

Soon the Inrornation surface. Wipg 2 (a) gives the
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Fourtier frequency spectrum distribution for an object on the
gsrid net, but which ks not passed throurh the phiase shift
gewr.  This portion of the {ipure presents a distribution with
clear periodic structure, Fim, 2 (b) shows the cven distri-
bution of the TFourlier requency spectrun: for the same object
once it has pussed through the phase shift cquipment.. Fronm
this second illustrotion, it can be clearly scen that the sharp

periocdic peeis have dicapneared.,

THREE

Using the light path diagram in IMig. 1, 1t is possible to
form the hirch density VWourler integrated information diagram
for analog infermation. In tests, the unit area for the ran-
dom phase shilt cquipunent was a small square hole 32p on a
side. The distance from unit te unit was 40p, and the units
were arranged in a matrix formet. FPig. 3 shows a diagram of
the randon phase shif't surface. The differences between the
phase position values of each of the various units were 0 and
w+0; the random distribution values for the various units
(phase) can be calculated by the use of computers if one uses

the Monte-Carilo method.

A e e ot g

Fieo 3
Random FPhase Shift Baquipment Surface Diapram.

The phase value for each unit is obtnined either through

a technigue vwploving o photopraphic ¢mulsifier and calcium

= . s Bt a




hpochlorite or throu;n o cire verdue find of photoetehing

teehnique.  One need only cxperipentally control the difference

between the opticul thickness of whitened units ond non-

whitened units so that it is 3, and one cuan ecrcate the required

N, e

phase equipment., L8 far as Lhe emulsgificr and calcium hyvo-

chlorite arc concerned, jv i

5 best Lo try to keew the level of
Iight that penetrates to therm ana is absorbed by them as Iow

as posgible.

When one is using the samplins net and the randon phace
shift eqguipment, it is poscible Lo arrance them con the stage
of’ a microscope or a rhotolithe;raph nachine in such a way
that they corresrond nd overlan their fields. Or, when employ-
ing photoetcehing technicues, it is possible to plate en to the
top of the randonm phase shif't gear a layer of metallic alunii-
num which Torms & rrid net and which corresponds to the top of
that equiyment and covers 1t.  In this way, it 1s possible to
srid netwerk

[}

combine the rondom phoce shif't cquipnent and the

into one unit.

When emvploying lic-Ne lasers as a light source, the power
involved is 3uw. An arpreprinte light strength ratio os selec-—
ted, and an cxpoosurce vime of 5" Is wsed. The imaye is devel-
oped using ND=-10 developrer and a develepment time of approxima-
tely 2 secy the infomation plates used vwere Type T plates of
Chinese monniueture.  As 21 as the problem of whitening goes,
bromine vaper can be noed Lo carry out phage interfoerence

whitenine.,

Fifpure N chows the inteprated infornation diagrams for
three types of two-dicensional anslop information specimens.
aucon vhem, (i) is oa sprcinen of printed text in ¢pninece
chiroctera, (n) 3o a dine aisyran or pgraphlic type of informo-

tion (a4 resolurion test pattern, actually), and (c¢) is a por-
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trait photoqeapl,, Fie, I () shows that the storare and
retreiovel ot o - choeroeter dnvornratlon was a cuecesss the
stroizer o the ehvcters in the dtorram re elear, and act-
ual menvurenents of Lhe dirfroction officlency reach 157, The
ratio i avera:se sicnsl powel Lo averayse statle rower wis
oreater than 20,0 T'ne e roducuion of Lhe resolution {est
pattern in Fie 1 ) fw very cood:r cven the finest lines can
be elesrly made o, The cinivun resolubion distanee botween

¢

lines wnis 50u.  The rhotoararh of the small child, which

aprouve In ¥ie, ! (¢), is vroproduced by an orderly arrange-

ment of shades of frey,

¥Oun

oo

Jhon ousing Hocusing wetheds to store different types of
inforustion, it Is necessary to introduce a small distance
between thio infertion curface und the Veovrier transform nre-
cicion Yoek=focun surface (nlso called the deflocusing distnnce).
Florcover ) by chosing difverent defocusing distance values on
the broet s of experirentation, it is possible to make the fre-
quencey osrectrnn digtribution of the distribution on the intep—~
rated Infornation prlate surface assure an even brightness dis-
tributien nd without the cpnearance of sharp veaks in the
frequoncy svectromn. This, in turn, guarantcees that the record-
ing rod s Ao obde to uancetion in the linear areas in order to
brings atont hish quality veprcducticon of different types of
storca introermation., fovever, in netual storace operations. the
ffact {hat 1t 1s necescnry 10 obtnin throvsh experimentation
approveiate defocnsine dictianmees For different information sur-
faces turns eout, 1 actins! anpliention, to be painsialiing

ard exoetine., This dessens the acitual practical valve of using
detfocnsing metheds te carry ent the task of Information stor-

s
st .
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Throw-h the crmployment of the random phase shift equip-
ment discussed above, we gchloeved relatively food results in
the density of the Information ctored. On the Vourier surface,
the size of the intepsrated intormation diagrams also deicrmines
the extent of the dirfraction striation pattern which 1s pro-
duced in units of inforrmation when they paso throupsh an ideal
opticual system; this arca muot be kept mueh swmaller thuan the
arca of interrated informatton diagrans vsed with defocusing
mcthods.  In order to raise the density ol stored information,
it i1s also possible to empley volume integrated inforimation
technoloyry. In this way, it is possible to achiceve densities
of storcd infoermation which are much rreater than these which
can be achieved by the use of any kind of nen-interrated

information storage equipment.

As far as the random phase shif't gear which we produced
for experimentation gocs, the Lechnicuies and rothods for lts
manufacture were relatively simple. VWe used this type of
cauipment. to handle many types of analog information, and we
have already achiceved relatively gsood stordasme results. Ve
hope thnt rescarch work to develop inteograted information stor-
age as well an the word of pradually developine practical
integrated information storace equipment can be continued in

{he ature.

The authors cexpress Lhelr deep pratitude to Comrades Song
Yono~le and Xja Jian-g/uo who fipgured out the stochastie num-
bera for the randon phace shift equipwment, to Comrade Chen Jun-
Jtu and others who provided the resolution test pattern for
W, ond to Comrades Yo Xue-hut, Li Yu-bin, HMuane Chao-=yin: and

othors who participated in the manufacture of copponent parts

A the phace shift ecquinment .,
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