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Optical logic eWement and cptia[ mogic device 

ilu~ invention concerns ID optical fogic element, pmticuluiy SL mwtistate,. 
m1dtistablc optical fogic element, tmd even moire particularly a proximity .. 
addres11ble optical logic element, comprising an optical memory mbstamce, 
wherein, under the mtlumce of am impressed magnetic. electromapetle m 
electrical field or suppllied energy. the memory substance cm tta:nsfer from. one 
physical or chemical state to a second physical or chemical state, wherein a 
physical or chemical state is assigned a specific logic value, ud wherein a 
change in the fogic element's physicd or chemical state causes a change in the 

10 logic value and is implemented by the logic element being accessed and 
addressed magnetically, electtomqneticllly, electrica.Hy or optic1Uy for 
writing, reading, storing, erumg ad switching of m assigned logic value. The. 
invention also concerns an optical fogic device, especially for storing data or 
perfonmng logic and arithmetic operations, wherein the device comprises a 

1.5 plurality of opti.ca1 logic elements, wherem me optical logic elements 
puticulzdy are muhistate, multistable optical logi~ elements, and even more 
pmticululy proximitysaddrcssabh: optical logic clements, comprising an 
optical memory substance, wherein, under the influence of m impressed 
magnetic, eiecttommgn,etic or ellectrical fieldl or supplied energy, the memory 

20 substance cm ttmsfer from one physical or chemical state to a second physical 
or chemical state, whcrem a physical or chemical state is assigned 1 specific 
lope value, amd wherein a change in the logic element's physical or chemical 
smte causes a chmge m the logic value md is implemented! by the logic 
element bemg accessed md addressed magnetically, electromagnetically, 

2S electtically o:r optically for writing. reading, storing. erumg md switching of 
ui assigned fogic value. 

ht general the invention concerns a new class of optoelectronic devices which 
cm store information ad/or perform logic fimcnom by mens of m optiell 
memory substance which is contained in mdivicfaaliy addressable cells or 

30 elements. Each element is am independent unit and can be combined with 
similar elements to form luger assemblies, typic1Uy m the fonn of planar 
sheets or layers. The latter may be configured in tertimy stmcmres, for 
example by stacking i:n order to form optical dam memodes md optical logic 
devices with a high performmce--to .. volmne ratio. 

35 Present8 day digitan opticd data stor1ge technologies have been developed m 
response to an ever-expanding need for data storage capacity in a compact 
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format and they have been mmubbmy successful m providing solutions which 
combine a high areal data density with repiaeeabUity and/or portability. 

The cmcW step hu been the use of small, efficient .semiconductor ·Juers 
emittmg coherent night which cm be focused to nearscliffmctionalimited spots, 

5 dms providing a com:sponmngly accunte defmition md dense ammgement of 
the hr.formation bits m the data camyim.g medium. In practical systems. cost amd. 
space U.mita.uom have logically resulted in a design m which the laser be1m is 
scmmed across the surface of 1 rotating disc, picking up a serial bit stream u it 
foUows m optical guidance track mder servo conuot 

10 Systems based on this generic desip have now been refmed to a point where 
the data density is cfosc to the theoretical limit, md further improvements m 
order to match future demands cannot be met by incrementd improvements u 
in the put. 

One obvious limitation is the me of tw°'9dimmsiomJ. data storage format. Eva 
lS though the arell data density is high, physical bit positions 1re restricted to a 

pluw- smface on a rigid, self-suppordmg smface of high mechmicll quality, 
leading to a rematlvely mrlmpressive volumetric data density. Technical 
solutions have rccendy been published wherein dam are stored in several 
pbmcs at different depths befow the surface of the disk. Di.scrimmation 

20 between dift'erent liyers is possible due to the very short depth of fieid 
associ1tedl with a precise focus and this princip!e is expected to be developed 
to encompass up to ten planes or i1.yen (see e.g. E.K.(sipiatm:e), "Stacking the 
dlecks for optical data storage", Optics md Photomcs News, August 1994, p. 
39). It appe1rs. however, that the benefits n:aped firom mu1ltiple la.yen or levels 

2S are partially neuualized by cost issues as well u tecim.ical uadl«M>ffs between 
the number of layers on the one had od the achievable areal data density in 
each [ayer on the other hmd. Even when implemented according to the claims 
set forth, such technological so~utions lack the potential for sustained! long­
term. development ud improvement. 

30 bm many instances limitations m access time md data transfer rates represent I 
mimch more serious drawback for rotating disk systems thm do the aboves 
mentioned lbnitations on data densities md capacities. 

In applications where fiies on a disk have to be accessed quickly in rmdom 
sequence, the laser focusing servo must rapidly move an optical usembly 

35 radially ftom one position on the disk to mother. At the correct radial position, 
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tracking ~ust be resumed qm~y, involving alipment in two dimem.siom, 

adjustment of the spinnmg spec~ establishment of synchronization tmd finding 
md identifying the file header. These electtomechamcd procedures involve 
access times which are long. typically 200 ms or more. Efforts have been made 
to reduce the access time, e.g. by increasing the disk rotation speed in order to 
reduce the time taken for rotatiow alignment, md reduce the weight of the 
servo .. controUed focusing amd ttaclcing components . .lrmproveme:nt m one uea, 
however, carries penalties in another. Increasing the spinning speed aggravates 
the s.o~alled "whipsaw effect" 9 i.e. the rapid acceleration ud deceMeratfon of 

10 rotation speed which is required m order to :mmtain a co:nstmt bemi scmmmg 
speed over the surface of the disk when alternating between tracks at different 
radii. This is a domirumt cause of latency in optical disc .. bued data retrieval 
systems. Attempts to eliminate the whipsaw effect by rmmmg at constant_ 
rotation speed irrespective of radial position lead to a reduction in the area 

lS data density or increased teclmical complexity. 

It is not surprising that such :precision electromeehmic1l optical systems wiU 
be slow on timescales which are typical in the purely electronic realm 
(microseconds or shorter), thm bmring optical disk devices from me as direct 
rapid access memories m a wide range of applications, in.eluding u direct 

20 rmdom access memories (DRAMs) for computers etc. Co:nsidemble efforts 
have bee~ made to eliminate the Achmes heed of mch devices,. namely the 
need! for focusing md tracking without mechmcal media. Solutions which 
have been investigated include optoe~ecttonic deflectors, waveguides md 
diffmctive opticll elements. So fu no technical md financially viable systems 
of this utmc have hem dcmonstn.ted m practice md appear to lie mmy years 
in the future. In addition, the latency problem associated with disk rotation is 
not solved by such meuures. 

In romtblg disbystems the data bits are re1d consecutively u the !uer beam 
scus along the track, ud the data tnm.sfer speed is explicitly dependent upon 

30 the rot1tion speed and the lmeu data density along the track. In a number of 
applications, such u interactive multimedia, the trmsfer speed is a significant 
bottleneck m present .. day optical disk systems. Given the DCIJ's Optimal 

encoding ud focusing of data typical of present .. day developments im 
disktechnoiogy, there seem to be few options availabb~ for increasing the data 

35 transfer speed. One possibility is to increase the rotation speed. This hu been 
done in sevenl commercial systems to a point where cost and power 
consumption. now lead to a rapidly diminishing retmn on further speed 
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in.creases. Another strategy is to empfiloy several laser beams addressing 
sepmate, bnt parallel tracks on the disk. As the number of parallel tracks 
mcreues, however, the complexity ad cost increue very rapidly, md such 
schemes seem 1t best to be destined to provide speed improvements which fall 
fu short of projected future needs. 

The 1bove shortcomings have been clearly recognized for a fong time, mut 
other schemes have been proposed ad experimenmHy mvestipted, most 
notably page .. oriented memocy awd logic systems, based on holographic 
technology. In addition to promising high density volumetric di.ta storage in 

:im three dimensions, holographic systems cm be addressed m a page~mode 
version. thereby offering the advantages which are inherent in parallelism, 
such u a high transfer speed. Rapid rand.om accessing of data by meas of 
mertia~free optoelectronic mems is under investigation. Furthermore, logic 
operations have been investigated such as high speed parallel processing for 

is object recognition. It hu beem. predicted. that hofogiraphlc memories cm be 
erased md rewritten repeatedly, a data volume at gigm~ to tenbyte b:ve! cm be 
stored m a. volume comp1.n.bie to a suger cube~ giving random access times in 
the micro- to nanosecond range awl data transfer speeds of hundreds of 
Mbyte/s (see e.g. D. Psaltis and F. Mok, "Hofosraphic mem.ories''. Scientific 

20 America, November 1995, pp. S2-SI). Similar potentid perfmmmces lb.aw 
been mmtiom.ed for other systems based o:n eonfocll md mwtil1ser (non~ 
linear) addressing principles (see e.g. "The opticad sugar cube", Photomcs 
Spectra, September 1994, p. SO). 

A further example of a page .. bued optical data storage system which may be 
25 mentioned is mtema.tlom.1Uy published patent application no. W096/21228 

(Birge) entided "Bnnched photocycle opticll memory device", which 
discfo.scs a w]mnettic optical memory which stores information at hip 
density :in three dimensions by selectively 1cdvaring a photochemical brmch 
reaction from a trmsirory thermal mtmnc&te state in the primary photocycle 

30 in a light-sensitive protein-hued storage medimn. In this case 110-ealled 
"paging!'! laser ms used t.o activate 1 pbmu layer or a page of the data storage 
medium on one wavelength ad data lasers which tttmsmit on another 
wavelength selected data beams which are orthogomd to the selected layer or 
page. However? this technology is not easy to implement m pmcticaE data 

35 storage devices md hu some significant welknesscs. In order to obwn high 
volumetric data density the paging light must be extremely intense and mllfmm 
widrln a very narrowly defmed spatial nose with a sharp intensity limit. This 
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~ntails the use of a luer beam md relatively complicated optics in. order to 
form the beam. Secondly, a very precisely controlled iUmnmation sequtmce is 
required, involving the me of three separate. wavelengths. The optimal time 

control of the sequences is temperatu.reedependent. Thirdly, the write md read 
S speeds ire limited by the photocycle11 time constants, resullting m access times · 

in the ms range. fourthly, reading of the stored data wm reduce the contrast 
thereof on optical memmy media, thus JJiecessitlting refreshing after a certain 
number, for example, l 000 read operations. 

In SE patent no. 501106 (Toth), enti~ed! iw0ptical memory", there is disclosed 
10 m optical memory of the type WriteMO.nceallead .. Mmy .. Times {WORM type) 

which com.tams a storage element with stable optical states. The storage 
element is divided into a nmnber of memory positions, the opticlll state in a 
given memOJY position being capable of being both changed md read out by 
means of a light beam directed towards the memory position. The mem.ory can 

lS be realized entirely without movable mechanical parts md hu a vexy short 
addressing time, permitting a particularly high storage capacity. This memory 
dsc permits panl1lel writing and reading of multibit words. Th.e actual storage 
medium may be provided in several lmycn or levels. The light beam is then 
focused on a given memory position, and with the use of eight levels it 

20 becomes possible to store one byte m each memozy position or x,y position. In 
a design with 7· 1 storage cells of each lcm2

, 9.1 Gbyte can be stored on eight 

levels mtd the write speed will then be 40 Mbyte/s. Read~out is performed in 
absorption mode, which means that the individwd Mevels must have fixed. 
different thicknesses in order to make it possible to distinguish between the 

25 individual b:veb in the code seqt!lence. This results. however~ in a reduction in 
the volumetric storage density as the number of levels increases, md the 
necessity cf focusing the light beam on a memory position u well u 
mmoeuvring the Ught beam in the x,y directions entails cost-related and 
technical complications. 

30 Even though. the hitherto proposed tecb.nicaJI. solutions may appear impressive, 
in a future commercial environment such perfonmmces must be usessed with 

&1 view to hardware cost, system complexity md overaU device form factor. 
Based on the cummt state of the art u revealed in the open literature, it seems 

correct to conclude that hofographic ed other pzge ... orimted systems or 
JS multilayer systems will not achieve a breakthrough within the fo.reseeabEe 

future m markets where the demand for _com:pa~_m.ess mdl fow cost is at a 
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premium. Even if components and materilds were to become 1willble at 
11cceptablc costs9 m reality the proposed archl.tectures seem to preciud.c tndy 
compact solutions. 

The object of the present invention is therefore to overcome the above .. 
S mentioned disadvantages in the prior mt and proposed solutions ad to provide 

e optical logic element which can be employed in order to realize opticl! 
mem.ories, optical logic and uitbme1icai circuits, optical switches ad 
moreover generaUy to implemmt optical data processing equipment at a low 
cost md tec!micll complexity, but with extremely hip storqe density, short 

10 access thne ud a very rapid. tmmfer rate. 

A further object of the mvcmion is to provide m optical logic element and m 
optical logic device based on the optical logic elem.en~ wherein the optical 
logic element md the optical Jlogic device ~ppeu u a stmcmrd md 
ftmctionany integrated wdt, the clements md the device's esscnall functions 

15 1U bem1 substantially realized in the element or the dmc~, including 
functions such as accessing, addresshmg, activating, switching and detection. 

Yet mother object of the pn:smt mvmtion is to be abb'! to realize vohmetric 
data storage in 1 simple manner, so that the storage capacity is substantially 
only dependent on the form factor md becomes inversely proportional to the 

20 logic element•s physical climemioos. 

The aboveemcntioned and other objects are achieved with m optical logic 
element which is characterized in that the mcmmy substance is provided m or 
on a substantially layer~like stmcmre,, that am activator which generates a 
magnetic. electromagnetic or electrical field mr suppllies energy to the memory 

25 substanc~ is provided in or adjacent to the substantially !ayer ... mike structwre, 
md that am cprielll detector for detection of the memory subsamce's optical 
response conditional on the memozy subsmnce's physical or chemical state, is 
provided in or adjacent to the substantially !aya .. like stmctmei. the optical 
logic elemem.t thus constituting am integrated component consisting of the 

30 memory substance, the activator and the detector; together with am optical 
mogic device which is ch.amcterized in that the memory substance is provided 
in or on a substantially layer .. filce structure, that m activator which generates a 
magnetic, electromagnetic or electtical field. or supplies energy to the memory 
substance, i5 provided adjacent to the substantially layer ... like stmctme. that m 

35 optical detector for detection of me memoey substance's optical response 
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comulitional on the memory substuce0s physical or chemical state. is provided 
in OJ!!' adjacent to tJhe substantially filayer .. like structure, the optical logic eJlem.ent 
thus constituting an integrated component co:rudsting of the memory substmce. 
the activator and th.c detector, that the device comprises at least one structure 
formed by the optical logic elements, that the optic~ memory substance. the 
ectivator and the detector in each fogic element m the structure merge mto ud 
ue cozm.ecrted with the memory substance, the amvator md the detector in the 
sm-rmmding fogic cmements in the sweture, the stmcture thus formimg a flat or 
curved surface body, each logic element in the strooture hiving m 

10 unambiguous assignment between the memory subsmnce and the activator and 
m assignment between the memory substance md. the optical detector for 
Mambiguous detection of a physicai or chemical state in the memory 
sll!bstmce, thus enabling each optical logic element in the stmcmre to be 
accessed md addressed individually. 

15 In a prefeued embodimem of the optical logic element the memory submmcc 
ms provided in the fonn of a first layer, the activator is·provided in the form of 
a second layer adjrmce:nt to the f"ust layer or provided integrated in the fll"st 
mayer, and the optical detector which detects the state in the memory substance 
provided m the fmm of a third mayer adjacent to the ftrst layer, the optical logic 

20 element thus forming the integrated component, consisting of lit leut duce or 
two layers respectively. 

Moreover, it is advantageous that the activator is composed of one or more 
directly or indirectly radiation.aemitting mems, die radiation~emitting mems 
being provided on or embedded m the base material of the second layer. The 

25 rl.diation~emitting mems is advantageously 1.ccessed and addressed 
electricllly. It is llso advantageous that the mdidion~emittmg means is a Ughte 
emitting diode, preferably a pollymer diode. 

Moreover, it is abo advantageous that the radiaticn .. emitting means ms 
frequencyetun.able, the frequency tuning behmg performed in connection with 

30 m electrical zddressmg. Furthermore, it is advmmgeom that the optical 
detector is m electrically accessible ad addressablle optical detector md that 
for the electrical accenmg md addressing of both activator and detector~ 
electrodes md dectrical conductors are provided mtegmted m the second and 
the third biyer. For this purpose it is 1dvanmgeous that the electrodes and 

3S electricl! conducte>rs are based on. an electrically conductive polymer material. 



In a preferred embodiment of the optical logic device the memory substance in 
each fogic element is provided in the form of a first layer, the activator 
provided in the form of a second layer adjacent to the first layer or provided 
integrated in the first Dayer, md the optical detector which detects the state if 
the memory substance is provided in the form of a third layer adjacent to the 
fllrst layer, the optical logic clement dim forming the integrated component, 
consisting of at least three or two layers respectively, andl that each of the 
layers merges with amd is connected with the corresponding !ayer in the 
surrounding logic e!ements the structure, thus forming a flat or cmvcd surface 

10 body of connected md mutudly adjacmt respective layers. 

E1.eh structure in the optical logic device is prefer.ably in the· form of 1. thin 
flexible ftlm. · 

In a particularly preferred embodiment of the invention the optical logic device 
comprises two or more conjomed structures stacked on top of one another, the 

lS optical logic device thus forming a chip .. or disk~likc component integrated 
from a plurality of structures, 

In a v&rimt of the optical logic device according to the mwmtion a structure ms 
preferably configured in its entirety or partly as an optical memozy, each 
optical logic element in the memory co:nstituting m memory element which can 

20 be accessed md addressed individu&llly. In a second varimt of the optical logic 
device according to invention a suucture is preferably putly configured as 
optical logic or arithmetic circuits or networks of such circuits, each of the 
optical logic elements m the circuits constimting z switching element which 
cm be accessed and addressed individuaUy. Mn a third vlrimt of the optical 

25 fogic device accordmg to the mvention groups of the optical logic elements in 
a stmcture are configured u memory registers, logic registers md arithmetic · 
registers respectively, each optical logic e]ement (OLE) in 1 register Uid e1eh 
register bemg capable of being accessed udl addressed individually, ad in 
such a mmmer that the registers cm be jomdy configured as m opticall data 

30 processor. Finally, in the optical logic device it is preferred that the accessing 
md addressing of the logic elements should be performed via multiplexed 
communication lines assigned to the stmemre. 

Further features md adlvmtages of the present in.venuom aire presented in the 
remaining, appended claims. 
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The mvcnrion will now be explained m more detail by means of embodiments 
md with :reference to the accompanymg drawing. 

Fig. la shows an optical logic element 1ccording to the present invention. 
figs. lb ad le show the optical logic elementts operation as a binmry logic 

5 cell, 
fig. !d shows a field .. effect transistor for the sake of comparison, 
fig. l shows a preferred embodiment of the optical fogic clement, 
fig. 3 shows a second preferred embodiment of the optical logic element, 
fig. 4 shows the principle of 1. memo:ry substmce in the fmm of m electron 

10 ttilpping material, 
figs. sa .. d sh.ow the principle of a memory su.bstmce m the form of a light .. 
sensitive conformation .. reactive materill, in this case bacteriorhodopsin, 
figs. 6, 7 show further preferred embodiments of the optical logic element in 
fig. 1, 

1.S fig. I shows a particulady preferred embodiment of the optic1I logic element 
in fig. 1, 
fig. 9 shows the spectral properties of lighteemitting polymer diodes, 
fig. 1 O shows a schematic iHustranon of a Uight--emitting pomymer diode, 
fig. l i shows a fint desip of an optical logic device according to the 

20 mvmtiom., 
fig. 12 shows a second design of m optical fogic device according to the 
invention, 
fig. 13 shows a variant of the opticll logic device in fig. 11, 
fig. 14 shows a second variant of the cptiell fogic device in fig. H. 
fig. lS shows a schematic amdl exploded mmttation of the design of the optiw 
Iogic device in fis. 14, 
fig. Ui shows a further design of the optical logic device according to the 
invention, bued on the variant in fig. 14, 
fig. 17 shows a schematic illustration of a mangemmt for l.ddressmg the 

30 optical logic device according to the mvcndon, 
fig. 18 shows the sixteen Boolean functions of two binmy variables generated 
by u optica~ fogic device according to the mvention, md 
fig. 19 shows a schematic illustration of a parallel algorithm for fom .. bit bhwy 
full addition for impUem.mtation on the optical logic device according to the 

3S invention. 

Fig. la shows a schematic iUumaticm of a preferred embodiment of the opticall 
fosf c clement according to the present invention. A memory substance 1 is 

-·------------------
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. provided in a first layer ! a. the activator 2 which cm genente a magnetic, 
electtomapetic or electricaZ field or supply energy to the memory substmce t 
is provided in the layer 12 on one side of the layer li\, whllc the d.etectm: 3 is 
provided in the layer h on the opposite side of the layer 11• The layen li. 1;,, 

S h may in their entirety comprise the memory substance 1. the activator 2 ud 
the detector 3 respectively, but it should 1ko be understood th1t the la.yen lh 
12, 13 may be formed from a base material and that the memoiy substance 1, 
the activator 2 md the detector 3 respectively ue embedded in or provided 
thereon. 

10 Fig. lb shows 1 symbolic representation of the operation of the opticlJl llogic 
eiemmt OLE according tc the invention during writing, reading amd detection 
of a llogic state 0. In this cue energy is supplied to the memory submmce 1 m 
the form of Eight of a rust wavelength 1h while reading is performed by 

absorption of Iight of a second wavelength A2 • The detected. light which 
IS indicates the·fogic state O is indicated by a shorter photon symbol in. order to 

indicate reduced mtmsity due to absorption. Fig. le is a similar schematic: 
illustration of the mode of operation of the optica~ logic emement OLE during 
detection of a logic state l, i.e. no absorption takes place in the memory 
substamce l in the layer In. Fi1. Id is a schematic iUustmticm of u n .. chmme1 

20 power ttmslistor in order to indicate tbc analogy between the optical logic 
eltcment according to the present invention and m electronic switching device. 
The absorption of the read light for the logic states 0 md 1 eoaesponds to the 

fieldeeffect ttusistor's drain voltage V •· 

Fig. 2 shows m embodiment where there are included in the activator 2 one or 
more direcdy or indirectly ra.diation .. emitting means 2i. .. , 2111 which are 

provided m the !ayer I:a. In fis. 2 the ndimon..emitdng mne1.m1s 21, •.• are 
provided embedded m a bue material in the layer 1:, but they could also be 
provided! on the layer 12• In 1 preferred embodiment the Eayers 11 and 12 cm be 
combined to form a common layer 1111 • This layer will then include both the 

30 memory substance l and the activator 2 with radiation .. emitting means 2~, .... 
·nm embodiment may be advantageous li' the activator is destroyed dmmg 
writing to the logic element OLE, md this may be rcdevant if it has to fonn 
pl.rt of a storage device of the ROM or WORM type tm.d therefore not intended 
to be erased muller rewritten. 

3-' The optical memmy substance 1 shall be Hghtesensitive and able to exist m 
two or more distinct physical states, as indicated m figs. lb and le. It shall be 
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possible to determine these physical mites by melis of the response of the 
states to m incident probe might or read light. The logic state can be found by 
exciting the activator differendy<> e.g. according to a specific read protocol, 
whereby memory substance I responds to the mcidmt light by a fogic~state~ 
d.ependent opticad transmission or emission of light. 

The basic properties of the optical logic element OLE ue explicitly dcpcmdmt 
on the write/read characteristics of the memory substmce. Changes in the 
memory substmce during the write process may be irreversible, resulting in an 
optical mogic clement which realizes memory fiznctiom of the ROM md 

i O WORM type. However. the dcscriptioa below wiU focus on memory 
substmces which ue non .. vobatile, but reversible, i.e. they remain m a 
generated logic state until actedl upon by writing, reading or erasing light. They 
cm~ however~ be deleted, erased md rewritten mmy times by irradiation with 
light. Another important characteristic of the memory mbsmnce is whether it 

15 cm cury multilevel mfmmation, i.e. information which is greyscale encoded, 
or whether it responds to a read protocol of a binary nature, i.e. either with 
fog:fo state 0 or l. 

Even though the memory substance l as described above. is brought from one 
physicd/chemicai state to mother by the application. of light, this does not rule 

20 out the use according to the invention of othm- forms of energy to mf'lluence the 
smte of the memory mbstmce. This may involve mapetism, electromagnetism. 
or dectromc fields or supplying mergy mn the fonn of heat. This may be 
appropriate if there is a requirement to produce dark reactions in. process steps 
between logic states m the memory substance, for example the appHcation of 
heat for erasing information. or for generating conditlom which cause die 
mcidmt :light to have m effect, e.g. the application of a electrical field to 
shift m absorption band if the memoty substance is a lipt .. smsitive material 
which absorbs on specific wavelengths. 

From the facts stated above it will be evident that the opticai magic element 
30 accm"ding to the invention obtains its basic properties from the memory 

substance. Two types of memmy substuccs will now be described both of 
which are reversible, i.e. they can circulate more than once through their lope 
stmt=s by employing suitable protocob for writing, reading and erasing. 

Electron trapping materilh are typically in organic semiconductor materials 
3S which 1re doped with rare earth ions. Electron trapping materials cm be used 

-·-·----------------
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for storing data at high density and provide high data transfer md rccoveJY 
rates. Reference may llere be made to m uricle of J. Lindmayer. "A new 
erasable opticam memory". Solid State Technology, August 1981. 

A gaenl illmtra.tion of the mode of operation of m electron tnpping material 
is given in fig. 4. Writing is performed by capture taking place at the energy 
levels E and T. When the write light excites atoms of two mm euth metals 
employed as dopats, their electrons are raised to the energy filevefil E. which 
exists in both types of atoms, md are subsequently captured at the level T, 
which exists mn mtly one of the atoms. Exposure to light m the near infrared 

10 range at the level T mses the electrons to the ecmmmdcauon band, &om 
where they faU to the ground state, resulting m m erasure of data. 

Electron trapping materials may have 1. host lattice m the fonn of alblme 
euth sulphide,, such as C1s, SrS, MgS or a mixture thereof. When the rare 
earths europium and samarium are employed 11 doputs, the memory 

15 ~ubstamce absorbs incoming light at 4SOeS.SO nm, whereby the europium iom 
ab!'Jorb photon energy and tnmsfer part of it to the samarium ions. The latter 
are thus excited to uappmng states, so calmed because these smtes are stable, i.e. 
the smnarium fons wiU be stable for very long periods mdess Ufted out of the 
trap t:hmup the absorption of appropriate quanta of energy. !he matter wiU be·· 

20 the cue when the memory substance i:s irradiated by light at the wavelengths 
ISOe 1200 nm, thus stimul1.tin1 the samarium ions in trapping states. and the 
n:]eued electrom emit light at the wavelengths 600~ 700 nm upon retmnim.g to 
the ground state. Thus in this case writing is performed by madiatfon with 
light at the wavemt~ngths 4S()e.S50 nm, while readmg is performedl by 

25 illumination 'With light at the wavelengths 8.SOd 1200 nm with simultmeous 

detection of floorescencc at the wavelengths 600-700 nm. 

Instead of am emectnm trapping material the memory substmce could be a 
confonnztionsmactive material amd particularly a light~smiitive conformation~ 
reactive materil! which can pass through 1 photocycie. Examples of such 

30 materia.ts are certain types of dye proteins. A protein of tills kind which bu 
been reiatively well studied is bacterio:rhodopsin, which occurs in the 
m.embnne of a mieroorpn.il~ Hafobacterimn salhwimn. For a cmoser 
discussion of the bacteriorhodopsin's properties with a view to optical storage 
of data,, reference should be made to NO patent application no. 97 2574 from 

35 which the present application derives priority ad which is assigned to the 
pre.sent 1.ppUcmt 
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\\t"hen bacteriorhcdopsin absorbs Ii&ht, it puses th.tough a photocycie which 
generates intermediate states with absorption maxima m the entire visible 
rmge of the electromagnetic spectrum. This is illustrated schematically in fig. 
la which presents the bacteriorhodopsin's photocyele ud indicates die 

sequence of stm.ctunl ch.ages which are induced by the light. Lightsi:nd.uced 
transitions or excitation transitions me indicated by shaded mows, while 
unshaded ID'ows indicate transitions due to thermal relaxation. Green light 
converts the bacteriorhodopsin's ground state bR to u. intermediate state K 
which subsequently relaxes, fonning the M state and. then the 0 state. The 

10 residence time m the M state depends, amongst other things, on both the 

temp~tme and dle mutmt of bacteriorhodopsin emp!oycdo If the 
bacteri.orhodopsin in the 0 state is exposed to red light, a so .. caUeti brmch 

reaction occurs. The 0 state puses to the P state which quickly relaxes into 
the Q state, a fonn of the bacteriorhodopsin which has been shovm to be stable 

lS over a very long period. m different mumts of bactmorhodopsin which 

employ aspartic acid residues 85 and 96, the lifetime of the Q state tan be 
extended to several years. If upartic acid IS is replaced by a non~poiu amino 
acid such as aspargine, the formation of a stable M state is prevented and the 
primary photocycle forms the 0 state (or an intermediate state very like the 0 

10 state) very n.pidly (R.R. Birge, Ann.. Rev. Phys. Chem., 41, pp. 613~733 

(1990)). If, however, the bacteriorhodopsin is iUmmnated in the Q state with 

blue light, it retmns to the around state bR. If the 0 state is net illuminated 
with red lip~ within a short time it will relax back to the ground state bR. 
Any two states with a long lifetime can now be usiped the binuy logic value 
O or 1, thus enabling information to be stored in bacteriorhodopsin molecules 
which are m one or the other of these states. 

Fig. 5b is a diagram of the bacteriorhodopsin's primary photocycle. The centrli 
photochemical transformano:as which are relevant for me in m optlcai logic 
elem.mt according to the present invention ue indicated in the diagram in a 

30 s~qumce which generally goes rood the diagram in a cfockwise direction. bR 
denotes the bacteriorhodopsin1s ground state, and bu-ge letters indicate the 
different states in the photocycle. The numbers in brackets denote the cemtte 
wavelengths of the absorption bands for the dillcrent states or species of 
bactmorhodopsm m nanometers. Tnnsitions which are effected by a photo--

JS incbwed excitation are denoted by h.v and. possibly by time constants "~ whUe 
transitions which are due to therm.IE reactions ue indicated by the mne 
constants -c, for first order relaxation times at approximately room temperature. 
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Illumination of bacteriorhodopsin molecules in the ground state or die rest 
state bR with the light centted aroumd 570 nm produce the excitation state K 
which lw a very short lifetime. As wi!m be seen, the K state has m absorption 
bwidwidth which is centred on 600 am, implying dW if the effective 
bmdwidth extends to over 600 mn on excitation from the bR state, m.olecwes 
in the K state will rnmm tc the ground state bR. This tramitfo:n, however. bu 
usmned low qwmtmn efficiency, ad since the K state is mutable and very 
quickly puses to the L state, most of the molecules m the K state wil~ be 
fo~ed on m the photocycle, even thoush some molecules wm ell'ctdate back to 

10 the ground state bR. The intermediate state M which has an absorption bad 
centred on 410 nm, will in the course of a short penod of cb'ea ls3 ms relax 
thermally to the intermediate state N which in tum relaxes therm.ally to the 
intermediate state 0. As stated, in various modifications of the 
bactmorhodopsm the M state can have a relatively long lifetime. up to seVO"&l 

IS minutes md could therefore possibly be used to represent one of the logic 
sta~s O or l if archival storage over very fo211 periods is not essential. At this 
point it can be mentioned that the M state &ctaliy ccmsists of two states M1 

amd M2 which have virtually identical absoiptfo:u spectra. In addition. during 
previous attempts at holographic data stonge in bacteriorhodopsin by meam of 

20 the M state, a gn.dull loss of sensitivity ad contrast was observed, which wu 
subsequently proved to be due to loss of active molecules durin& the branch 
reaction to the P and the Q state (R.. R.. Birge, private communie11.tion. I 996). It 
can be seen in the diagram that the M state retmm to the ground state when 
mumin1ted by light centred vound the M state's absorption centre wavelength 
of 4 l O nm. Light centred around the absorption centre wavelength of the 
ground state b~ viz. 570 nm, however, :nawnlly will not force the M state 
back to the bR state. The 0 state has an absorption centre w1velmgth of 640 
nm md will therefore, if illuminated by Ught with am effective budwidth 
centred m-omid this wavelength. thus causing a bnmch reaction in the 

30 photo~ycie,. pass to m intermediate state P which has a relatively long lifetime,, 
op to several minutes. The P state will therm.ally re!u: into the most stable of 
the photocyclle's intermediate states. viz. the Q state, which has a lifetime 
which probably extends over several years. The Q state can tberefore be 
cmpfoyed to represent a logic state which has to be maintained for years. 

35 Besides the stable ground state bR, therefore, the Q state is the state which is 
best suited when bacteriorhodopsin constitutes the storage medium i21 those 
cues where the optical logic element according to the invention has to be 
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employed in m optical data stooge device which is suitable for archival. 
storage. 

If the Q state is iUwmmated by blue light with an effective bmdwidth centred 
oo the Q state's absorption centre waveicmgth of 310 mn, the Q state puses to 

s the ground state bR, while the time mdicadon "> 1 year11 indicates that the Q 
state too will thermally relax mto the ground state bR., but with a time coirnstmt 
which in this cue is many years. By mens cf absorption of light with m 
effective bandwidth centred rouud the P state's absorption centre frequency of 
490 nm, the P state may retmn to the 0 state. Moreover, m the normal 

10 photocyele, the 0 state relu:es tbermaHy back to the ground state bR with 1. 

time constant of a.bout 4 ms at room tmnpenmre. 

For further vimaiizatmon of the bacteriorhodopsm1s pbotocycie, it is illustrated 
graphically in fig. Sc. The outer circle represents tb.e progress of the 
photocyc!e in 1 clockwise direction, ftom the ground state bR md 

15 SMbsequently via the mtcnnedi&te states K, L, M,, N md 0 back to the ground 
. state bR.. The photocyclets bnmch reaction is represented by an mer circulu 
uc with the :P and Q states which m; reached from the 0 state. Metastable 
states with a relatively fong Ufmme, i.e. M, P and Q 1.re shown Imtched. A 
ch-cle sector represents the uea of the photoeycle which mcb1des the states Q 

20 mid bR. which for the purposes of the invention should be considered as stable. 
Photo~induced. trmuitiom in the photocycle which are of importmce for the 
present invention are indicated by numbered urows. In the diagram, moreover, 
very trmsitory intermediate states which are of 110 significance for the 
invention are omitted. The same applies to those cues whee am intermediate 

25 state is actually composed of several states with approximatemy identical 
aubsmption spcm1.. 

lhe absorption spectra of the different species or states of the 
bactmorb.odopsin are illustrated m fig. Sd which llso gives an indication of 
suitable effective bandwidths for illummation. of a species in order to effect m 

30 excitation mto another state. It will be seen, e.g .• that me of e effective 
bmdwiclth centred round circa 600 mn will meet the states N, b~ K. md 0, 
but the consequence of such illummation will be that 1t ieut a significant 
proportion of the molecule population will be forced from bR ever to the 
relatively :sable Q state. It will naturally be po11ible to achieve the same result 

35 by illuminating the ground state bR eontinuou!y with a light pulse centred on 
510 nm, thus causing the bR state to pass to the 0 state, whUe limultmeously 
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~so protractedly iUumm1tin1 the bacteriorhodopsm with light centred on. 640 
nm, possibly after m interval of a few milliseconds. thus c11£usmg the O state to 
pus to the P state. The implications of this wm be dis~ussed m more detail in 
the following section. It will also be seen from fig. Sd that it wm be possible 
to e:ffectiveiy excite the Q state into the ground state bR by iUummatmg tire 
:molecules m the Q state with light at 380 nm or fo:r example m e:ffective 
bmdwidth of 360e400 nm. 

The memory substance 1 may also be a tlum-escent, i.e. when it is excited by 
the eictivator 2~ the memory mbstance 1 emits fluorescent light which is 

10 detected by the detector 3. In other words the detection takes place in 
emission. The use of fluorescent substances for storing data is well bown to 
those wiled in the mt, in addition to being demonstrated m the patent 
U~atme8 and therefore any further description. here wm be superfluous. 

Vmou preferred embodiments of the optical logic element according to the 
15 invention wil] now be discussed in more detail. 

Fig. 6 iUustrates the optical logic element OLE provided with electrodes 4, 41 

or electrical conductors 5, 5' for electrical accessin1 ud addressing of the 
acnwtor 2 ud due optical detector 3 respectively. Fo:r this pmpose the 
electrodes 4, 41 or the electrical conductors 5, S' me provided integrated in the 

20 second md the third. layer l 2; 13 respectively. Both electrodes 4, 4' md 
eicctrical conductors 5~ S' may preferably be based on u electrically 
conducting polymer material. If the electricall coru!ucton S, S' are m:rmgcd m at 

m:utally orthogonal configuration on each side of the lliyers la, 11 
respectively, it wm be possible for the electrodes 4, 4' to be realized u points 

23 of intersection between :respective orthogonally mvmged electrical conductors 
S, S®. Fw:thermore, adjacent to the first layer 1 n or integrated therein there cm 
be provided a fmther layer 1-4, u mustrratcd im. fi5. 7, for generation of am 
electrical field. This can be achieved by having the layer 1,. made of 
ferroeleetrlcd, optoelectrical or similar materials, the generated electrical field 

30 them hems used to influence the optical memory substmce's 1 response in the 
time dom.Wt. the frequency dommn or the intensity domlin. As a example of 
this, rcferemice is made to the above-mentioned SE patent no. SOl 106 where 11 

photcH~onducting layer with optoresisdve properties is provided between the 
memczy sv.bstmice u.d the electrode matrix respectively on one side of the 

3S memo!)' substmcc. This permits, for example, m electrical field to be 
!electively impressed on the optical logic element if the activator is a 
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. mdiation .. emitting mens, by the s:imuJlmneous unpressing of 1W electrical 
conttoll voltage between the layer 14 and m electrode 4. 

The radiation--emitting means 2 may be a semiconductor 11ser, in the form, for 
example, of a diode laser in the layer h between electrodes 4, 41

• A plurality 

of rad.iatiom--emittmg means 2 h····,ln may be provided, u illustrated in fig. 2i. 
in which cue they may be mamged to emit on different preselected 
frequencies, e.g. by providing diode Iuers with specific emission 

characteristics. 

The ndiationsemiumg meus 2 may Ilse be m indirectly wti1timM~mitting 

l 0 mems, in which case it mmt be able to be activated by m extemal radiation 

source 21 which is not shown m more detail. An extemal radiation source of 
this kind must be provided outside the optical logic element OLEt mdl ifthe­

cptica] ~ogic elements are combined to fonn a twosdimensional matrix 

comtimting m optical fogic device OLD~ this cam be implemented by 

15 providing the radiation source on the edge of the matrix md outside it, m 
whlch case the layer 11 must be abb~ to act u a waveguide which tnm.sports 

light through the transparent base material m the layer la, to the indirectly 

mdiatfon .. emitting means. Such a ]ayersshapcd optical wavepidc 12 can be 

realized in amallogy with microstrip lines or fibre optic wavepidles mid will 

· 20 therefore not be further discussed here. 

The desire to provide a proximitye1umdressable logic device buedl om 

proximity-addressable logic elements. however, makes it generaHy preferable 

to employ directly ndiation..emittiq mems 2 provided m the hayer ]:,. 

In this cue the mdi1.tion8 emittmg mems 2 m1.y be a light .. emitting diode amd 

25 specially preferred for this purpose a.re orpnic Iigbt--emittmg diodes bued on. 

conjugated po]ymers. Such light--emittmg polymer diodes are described. in 
mtcma.tionaUy published pata1t application no. W09S!31S 1.S em.tided "Colom 

source md method for its fabrication 11
, in which the present applicant lbu 

acquired rights and which hereby is mcorpomed as reference. Light00emittmg 
30 ponymeir diodes of this kind! can emit light on several wavelengths by varying 

the workmg voltage of the diode. The diodes ca emit light on different 

wavelengths, for example mdnlly red at a fow working voltage and blue at a 

higher working voltage, while at intermediate voltages ID emission mp cm be 

obtained! in both red and blue at varying intensities. The diodes may be 

3.S manufactured as a thin polymer fibn with do:mmimts of conjugated polymers md 

iiifiU ·nus S~EH ~AS ~EEW! ' 
R\El?LAC!fO . 1 
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m a thickness of a few tens of nanometers,. the size of the individual diodes 
being not much larger. mtep-ated as the radiation--emitting means in m optical 
logic element, therefore, they wiU be compatible with optical Iogic elements 
OLEs of a similar size. 

S Fig. I illustra.tes the optic&) logic element according m the mvention realized 
as a proximity~addressable optical Eogic clement. The memory mbstmce 1 
which in this cue may, for example, be a confirmatlcm .. reactive, light .. sensitive 
material such as bacteriorhodopsin forms the ]ayer 1 n. 

Adjacent to the light ... smisitive materid l or the structure 11, emitters or light 
10 sources 2 am provided in the layer 12, prcfenbly in the form of lightaemitting 

polymer diodes. The light .. emiumg polymer diode 2 is supplied with working 
vo!tage VIE via two eiectmdes 4, 41 whli.ch am connected to a power somce 6. 
The Ught--emitting pomymer diode 2 is provided adjacent to the light .. .smuitive 
material l, i.e. bacteriorhodopsm which has to be driven through a photocycie. 

15 This means that the electrode 4' must be tnmsparent. Moreover. the Ught~ 
emitting diode 2 fo:r driving the bacteriorhodopsin 1. through the pbotocycle 
mmt provide a wavelength .. tunab!e emission, which implies that in this case it 
will be relevmt to de.sign the Hght~mmtting diode in the form of voltage .. 
tunable polymer diodes of the type whlch, e.g., ue described m the above--

20 mentioned intmmd.onal patent appmicmon W09S/31515, m connection with 
which it is discmsed m more detail. Opposite to the Ugmtt .. emitting polymer 
diode 2 and sllniluly adjacent to the bacteriorhodopsin mayer la, there is 
provided a photovoltaic or photoconductive detector 3, Ilse m the fomm of I 
!ayer 1.h which is similarly supplied with electrodes 4, 4' which trmsport the 

25 sigml voltage V 0 emitted fro:m the detector on detection of Hght to m 
operational amplifier 7. Obviously,, in this case too the detector electrode 4 
whlch faces the batteriorhodopsm layer 11 must be trampumt. 

As mentioned, the voltage .. tunable coloured light sources m the form of lights 
emittmg polymer diodes have adready been discussed with reference to the 

30 1bovcsmentiom.ed intemmona! patent 1ppUc1tion W09S/3151S and in addition 
ere dso more closely described by M. Bergnm & al, Nature 372, pp. 444-446 
(1994). By wrying the working voltage VIE impressed via the electrodes, such 
light .. cmitting polymer diodes will em.it light oo different wavefilmgtbs. The 
drafts illustrated of Ught .. emitting polymer diodes of this kind arc relatively 

35 general, ud the spectra][ characteristic of the emitted Hght beam can be 
controlled within wide limits by means of an appropriate choice of light-
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emitting materials. With regard to the present description, where a spectral 
adaptation to the bacteriorhodopsin's light~absorbmg properties in the different 
states is required, it should be assumed that the light=emittmg polymer diode 
emits yellow light at low voltage V£ amd with an i:ncreasmg emission of blue 
Ught as the voltage increases. This is ilbutrated in more detail in fip. 9asc, 
where fig. 9a illustrates the spcctrll characteristic and the intensity far m 
impressed voltage Va of S volts. The emission occurs mbstmti~lly m the form 
of red light with 1 spectral top of circa 630 nm.. In this case the utility factor is 
100%. In fig. 9b the voltage is increued to 16 voilts and the utility factor is 

10 reduced to 50%. It will be seen that the Ught .. eznitting pt:dymer cliodle still 
:mmtmns the emission top of circa 630 nm, but u the same time has am 
mcreuing emission of blme light of circa 400 nm. With an impressed voltage 
of 21 wits with a utility factor of 2001'. the emission on. wavelengths over circa 
S30 nm is relatively reduced, md m emission pelt is substantially obhlined of 

15 blue light of high intensity mmd centred 1t circa 430 nm, u :illustrated in fig. 
9c. The vo!tage .. conuolled emitter, i.e. the lightsemitting polymer diode as 
described in the above .. mentioned mtematioaai patent application 
W095/3l1515, contms a number of physicllly separated light-emitting 
domains 91 9', as illustrated beth m fig. a md fig. 10, which may be regarded 

20 as a schematic secdom. through the emitter layer 12• The domains 9, 91 are 
embedded m a truspanmt base materill 1 which may, for examp&e, itself be 
polymer, and each domain 9, 9' contains only one type of lipt .. ezniumg 
polymer, i.e. either with a DID'OW bmdgap which emits principally in yellow 
or red (for example 9) or with a wide budgap which emits m blue (for 
example 9'). If the domlins 9. 91 were bage 1nd ~ocated at a relatively great 
distance 1pm. this could cmise problems due to unpreclicmble and. umcven ·might 
emission from the light~emittmg diode md m the cue of certain optical 
radiation geometrics give a poor spatiall overlapping between red and blue light 
which strike a given cenb'lll point m the bacteriorhod!opsm stmcture. 

30 Experimental tests, cf. abovesmenttoncd W09513~SlS, have shown that for the 
moment 1.t !cut it is possible to attain typical dimensions md distmces 
between the domains in a range from a few 20 mn mp to 1 few 100 nm, with 
the result that the scale factor for the thlclmess of the poEymcr layer or the buc 
mate.rill I corresponds to the d.omam cross section, since the domains have to 

35 contact the electrodes 4, 41 on smrfaces of the bue material. Effects which are 
due to spa.naHy discretised light emission wiU therefore only be noticeable 
with veiy smaU light@emitting polymer diodes, typically cm a scale of a few 
nanometres. On the other hand., there are also indications that the size of the 



W0'11.-.. 20 

Ught .. emitting polymer diodes 2 cam be considerably reduced by decreasing the 
size of the domains 9,. 9', dam avoiding my unfnoumble spatial effects even 
with Hghtaemitting diodes of circa 10 mm or thereabouts m size. The thiclmess 
of the emitter layer h will then be compamblc, with the result that at leut in 
theo:my it will be possible to rellm optical logic e~ements aecoircling to the 
present invention m a size of at most a few mn and a corresponding thickness. 

The photovoltaic or photoconductive detector 3 is similar in design to the 
emitter 2 or the coloured light source, viz. with the me of similar polymer 
diodes to those shown in fig. I and with the domains now iight .. absorbing. with 

10 the result that. depending on the spectnmt. 1 detected variation m. the light 
intensity will generate the signal voltage or the detector's ooqmt voltage V» on 
the electrodes 4, 4'. In the same way the detector 3 in this cue must be tuned 

to the emitter's 2 specttai properties. For the detector 3 too the same scde 
f3ctors apply ~s for the lightsemitting polymer diode 2, the dimensions of the 

15 domains 9, 9t d.etcnnining the layer thicimeu. Obviously, the layer thicbess 
must be compatible with the domain eross section. thus mabling contact to be 
made with the electrodes s. S'. 

It will be seen that the optical fogic element OLE which is described with 
reference to use of a Hght-semitlve orgaic substance, viz. batteriorhodopsm 

20 and light~emitting polymer diodes, is designed to be proximity~addressable. 
thus avoiding the restrictions on the scale factors which womdd exist if the light 
were pused to the ligbt ... mt1itive organic substance through optically active · 
stmcmres in. the form. of refractive or diffractive elements provided outside the 
bacteriorhodopsm structure ed between it amd the emitter. Jn that cue the size 
of the optical logic element will be limited by the wavelength of the light 

radiation employed. 

Au optical logic device OLD according to the mva.ticm will now be discussed 
with reference to figures 11-17. 

Fig. l l shows a design where the opdcll logic dmce is in the fonn of a moo--
30 dimmsiond may or sttucture S of optical logic elements OLEs and illusmtes 

a section through a row of such optical logic elements, exemplified !iere by the 
optical logic elements OLE11 mad OLEnlia in m·n may and with m 2 n ® 5 in 
this cue. Fig. 12 shows an optical logic device according to the invention, 
where two-dimensional mrays or structures SJ. •.. , Sx of optical logic elements 

3S OLEs are stacked in layers, the two--dimensionai may of optical logic 
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_ elements thus fomring a surf1ce body stmcmre S in 1 volumetric optica~ logic 
device OLD. The optical lope device OLD is thereby maUzed as a three-­

dimemiontd may, for example with m·n·x logic clements, x being the number 

of stacked structures S. In fig. 12 which scbematlcllly iUustmtes a section 
S through connected stacked rows of arrays which form. the structures S, for 

example 1he row m ::;;: l in the m·n. may, two optical lope emements OLEs in 
the stmctme Sm are designated OLEu md OLE1. respectively. As illustrated m 
fig. 12, the optical logic device OLD comprises five such stmcmres S~ 10 that 
x 2l S, and fig. 12 cm thereby be considered to illustrate 1 volumetric optical 

U> fogic device with S·S·S ~ 125 optical fogic elements OLEs. Betwem each of 
the structures there is provided an optically, thmmlly Ind/or electrically 
insulating layer ls. 

in a wrimt of the optical logic device OLD, groups of optical logic elements 

OL~ for cumple in the fonn of mws, columns or subaarrays of the m·ii 
IS mays» may be assigned to ·a comm.om optical detector 3 which covers· all the 

logic elements m the group, as iUusttated m fig. 13. 

As illustrated in fig. 14, each stmcmre S may comprise one or more layers 16 

which integrated comprise electrodes 4, 4' and cledricld conductors .S, S' 

assigned to the optical logic elements OLEs which fmm put of the stmcmre S 

20 md used for accessing and addressing the optical logic device OLD. As 

illustrated m fig. 14, the conductors S, 5' may be provided ortbogonaUy to each 

other, in which cue it will be possible to realize the electrodes 4, 4' at the 
point of intersection between the conductors S, S1 m each optical logic element 

OLE~ fonnin.g, for example, a diode structure in the layers li amd 13 between 
the points of :intersection of the conducton s, s~. 

'lne l!l"lnllement of proximity-addressable optical logic emements OLE in am 
11Iay is showm in perspective in fig. IS. where the individual layers of the 
may, viz. the activator layer h, the memory :substance iayer 12 and the 
detector ~ayer h which form. the optical logic elements OLEs, are illustrated in 

30 exploded form. The may consists ofm·n. logic elements OLEs and is in fig. lS 

illustrated in reality u a S·S may. Om the activator layer!~ there arc provided 
conductors S, S1

1 cf. fig. 14, with am eiecttode 4, 41 pl&ced ht each of the points 
of intersection between the oon.ducton S, S', these impressing a voltage. If the 
activator 2 is a lightsemitting diode, it wiH now emit light which influences a 

35 memory substance in the form of Ught .. sensitive orgwc substance, such u 
bacteriorhodopsin in the layer l & • The detection takes place in the detector 

1 t~~s s~~Er ~~s · isiee~ 
~E?l~CED 
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mayer h, where, in this cue on illumination &t each intersection pomt between 
the provided conductors s. 51

, a lightsabsorbmg detector mode 3 is similarly 
obtained. The opticll logic element thereby formed is illustrated u OLE13, md 
in this cue fo:r the sake of simplicity each of the layers 1 h 12~ h or the 
matrices arc illustrated 1s & S·S matrix. 

The optical logic device which is illustrated in fig. 15 cm now be ued to form 
11 volmnetric opticd logic device, consisting of structures S in the form of a 
number of htycrs or matrices, Si, •.. ,Sx. Such m optical logic device OLD is 
iUustrated in section in fig. 16, and in each individ:u.d layer S there is provided 

10 m activator layer 12• a memory substance layer 11 ad a detector layer 11• As 
in fig. lj there are provided conductors s. 5°. musttated here integrated m 
lay~ 1,, and in the optical logic element OLE electrodes will be formed 
between the points of intersection ofthe conductors S, S,. Between each of the 
s~ctures S md possibly also on the top md bottom of the device OLD there 

lS may be provided m optically. thermally mdlor electrically msuEadng layer 15• 

For the sake of simplicity the device u illustrated in fig. 16 is shown in the 

form of a cube with S·S·S optical logic elements, i.e. 125 in lit The size of am 
optical logic element OLE13 within the stracmre Si is illustrated and may 
couespond to the optical logic element OLE13 u illutrated m fig. lS. 

20 Smee each of the optical logic elements OLEs is proximity~addressed, i.e. bo1h 
emitter md detector arc arranged adjacent to the light~sensitive organic 
SUbitlnCe md &re located Wide the device., the number of elements an m•D 
111"1.Y may include amd the number of structures S which may be stacked on top 

of one mother are merely practical matters. 

2S In m optical logic device OLD based on the ue of proximity-1ddress1.ble 
opncd logic elements OLEs according to the presmt inventia as iUustnited m 
figs. 1 lsl2, the only restriction m the scale factor at leut m theory is the 

molec:tdar dimcmsiom of the memory substance 1, if a light~smsitive 

tonformatiom.~reactive matt:rill is employed, together with the realizable !eat 
30 size of tb.e assi.ped activator 2 md detector 3. Jin pncdct, tests indicate that 

when usmg ligb.teemitting polymer diodes, optical logic elements can be 

realized at present m a size of a few as of nmom~ ad correspondingly 
small! conductor 1ttuemres for the electrodes for emitters md detectors, with 

the result that the realistic am:a of the optical logic element may constitme 

35 between 2500 nm2 md 10 000 mn2
• in the worst cue this amounts to 1010 

optical lope elements per cm2 and realized wlumetrieaUy with a 



23 

corresponding Dayer thiclmess, it wm be possible to achieve m the optical fogic 
device according to the invention IOJ5 proximityaaddressabie optical logic 
elements in 1 cm.3• It is considered to be possible to achieve a linear scale 
improvement of one order of magnitude, dnu pmmittmg 1011 optical logic 
elements to be realized _according to the present invention m 1 cm3• m order to 
give m indication of the stonge capacity of such m optical fogic device 
rellized u an opticd memmy, it should be mentioned that this conesponds to 
storing 10&4 orclinmy book pages, which might be sufficient for most types of 
archival storage. 

10 Fig. 17 illustrates schematically an mmsement for addressing a single 
structure S1 m the opticll logic device OLD according to the mvendon. For the 
sake of simplicity fig. 17 filustrates the stmctm'e Sn in the fmm of a S·S array, 
i.e. with 25 logic elements. For each row or cobmm. in the a.rray there 1re 

provided electrical co:nductors s. S' in m orthogonal comp.ratio~ thus 
15 embling the optical logic element to be accessed md addressed at the points of 

· intersection between the conductors S, S'. With this mnngemmt it win also be 
possible to address and activate all the optical logic elements OlLEs. The · 
conductors S, S' are connected to respective driver circuits l 0, 11 which are 
connected via m interface 12 with a main bus 13 which is illustrated m section 

20 m :fig. 17 mdl extends vertically to the plme of the figure, in such a muma­
th1t it ms connected to all the sttwrtm'es S whlch form part of die optical logic 
device OLD. It may be expedient for the addressing to· be performed m a 
hierarchical mmgement which cm unmnbipously address the opucam logic 
device OLD for cxmple on the structural nevel, or t\mctionally c0eoper1.dng 

25 groups of optical logic eiements OLEs m each structure S or a single optical 
logic clement OLE in the structure S. Those skiUed in the mt will realize that 
there. ue a number of possibilities for realizmg accessmg amd addressing of a 
volmnctrfo, optical logic device m proximity, and that it will al!so be :possible 
to implement parallel accessing 111d udressm1 by employing mwtipb:xcd 

30 commmricatiom lines. The accessing md.addressiq mmgement, however, 
does not form any pmt of the present invention ad willl therefore not be 
discussed m more detlil here. 

The optical mope device OLD accorcling to the invention is not mdy suited to 
storage of data, but may mo be realized! as 1 device for processing of data. In 

3S this case processing of data should be understood. to mean that the optical fogic 
elements ue combmed in optical logic networks m order to perform ~ogic 
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operations and by means of optical lope gates amd optical fogic pte cinmits 
which realize these functions, or in arithmetic circuits in order to perform 
binary arithmetic operatiom realized by means of mthm.ctic registers bued on 
binuy logic. It will thus be possible to configure groups of lo1ic elements 
OLEs m a strucmre S u memory registers, logic registers amd aridunetic 
registers, since each logic element OLE in a register md each register cm be 
accessed and addressed individully. The registers may be comipred jointly 
to form a optical data processor. This optical data teclmology is analogue to 

convmtiowd data technology bucd on semiconductor components and 
10 flmiliar to those stilled in tb.e art. m this connection reference may be made, 

for e:ump!e, to Allutair D. McAulay, "Optical Computer Anmitectures. The 
Appiicmon of Optical Concepts to Next Generation Computm", John Wiiey 
& Sons ( 1991), especially "Put II: Subsystems for Optical Computing". pp 
127 .. 342. 

15 The optical logic elements OLEs according to the invention may be combined 
in an optical logic device OLD which is to be used for data processing to form 
logic circuits which, for aampme, may perform all posu"bfo sixteen Boolean 
logic functions of two bim.uy variables,, whether u memory submnce there is 
employed u electron trapping material or a light ... sensittve confirmations 

20 reactive materill mch u bacteriorhodopsm. A combimtio:u of fom optical 
iogic clements OLEs which realize these sixteen Boolean functions is 
illmtmted in fig. 18, formed u a 2·2 array with logic O hatched md logic 1 
miliatehed. These sixteen Boolean fimctiom of two binary vuiablles are 
iHustrated in table I, while table Il shows how Boolean functions ue generated 

25 by eombmarion of logic opcntions. 

Tamkl. S~Boakm~of~!!!)IL~kl. ~ 
er· -

~ ~ 
f 5 16 Fl lFI " FlO 'FU F12 1'13 F14 F15 A B FU 'fi fl Fl F4 

@ 0 CD 0 0 0 0 0 0 0 1 1 1 l l 1 l 1 

c 1 0 0 0 0 1 1 1 1 0 ' 0 0 1 1 l 1 

1 @ 0 0 ii. 1 0 0 l 1 0 0 i 1 c 0 1 1 

n l 0 l 0 1 G i 0 l 0 t 0 a 0 1 0 1 

FumlW. .... 
lB NOR i' i. Nit.ND 

~ I) AB XOR 
AND A B OR XNOR A+i A1D 1 

····==== .-- - = -;;;;o_;:s;5· - .. ~--s .-
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Table II. Generation of Boolean functions by combim.tion of logic operations 

~:B~o=o=~ea.;;;>no;..;;F;;.;;u=nct~mc=n-----~~J!ooleim iFuncti<'.»n 
FO,.. o. ~ FU.., AB. 
Fl"' A·B. FJg A, 
F4 :;;; l · B,, 15 s B. 
F6 ... A·i+X·B. F7 ... A+B. 
fts X·s. n ... A'B+i·i. 
FU>®i. FUssA+fi. 
FU~~ PU$X+~ 
_Pl4 ~ A+!,... FIS a _11 - 'ii??' ---iiFSX? 

With reference to table m it will now be shown how some Boolean fogic 
functions of two bW.ary variables are realized by means of cptlctd losic 
clements OLEs where the memory substance l is m electton trapping material. 

10 m this cue the electron trapping material ii brought to a common state by 

mems of illmnim.ation with blue light. Subsequent illumination with red light 

releases the trapped electrom md orange light is emitted. ID this cue the 
activator 2 will be designed 1.s two sepuate addressable radiatlonaemitting 
memslt for example m the form of a voltage~twmbie~ Hght .. CJDitting diode. A 

lS bmdpass f'tlter may now be med which. may be m the form cf a layer between 

the memmy .substance J., i.e. the demon trapping material, md. the detector 3, 

thus bfocking blue amd red light. Onfily the stimulated orange fluorescent Hpt: 
is thereby detected. 

t~l~ m. ~!l~ ot_~oo!~ ~01!!-~ !ll!-~~~~!!fti!s ~!Lt ... 
. .!~on -~~ti'?!_ ____________ ....,...~-------, 

AND: .. Mnput k Blue qbt b-variable \IWe 1 (oo l\iPt m 0) 
.. ll'npm B: Red light 1br wriable wimc m {no isht g;g O). 
e Rault: iif bmb A and B were amvad ud blue Rd md Eiaht Wflm lldr:d,. n 
omnge «mqmt fiuh ~~a~ sipd, i.e.: A 9"" l 

Oll: a •i k Biue 1Di md lisht for variable~ l (oo lisbt""' 0) 
@ lnpm B: Blue ud red liaht fbr wriablle vaiue 1 (no light= 0) 
.. lRault: li'eidw' A, B orbc>th WOR~ m Step l, im«mmp&mresmts. 
givittg & dm:ctcr lipal. i.o. A + B "" I 

ZERO: ~No illmmmtirm 
~Result: No 01'DP lub; u ~r ~i.e.: 0 (~) 

IDENm'Y: ~ Iu.put indepmdmt ~blue, then met. 
~Result: annp f1Mb, am! ~r sip!. ie. n (mm) 

NOT: E.g.: l B: 
e ll!npm ~~ 11£p: mmmmttioo blue 
~ 1!Jiapm: A:. Red light (empty th= bps) fer wriable wllm l (no light 2l 0) 
~ illput B: W liPt tbr variable value 1 (oo liaht""' 0) 
=Result: An mmp Sash• tbm a ~r ligmi. i.e. X B"" 1 is cmlly 
~ifA .... O..SBat 
E.g.: AB: Chngc mies of A, B w tlhc Mow: 
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. If bacteriorhodopsm is employed u memory substance, in this case the 
memory substance will manifest its different logic states by chngcs m the 
opricall tnmsmissivity, the detection thus being performed in absorption mode 
md not in emission mode as is the cue with tluorescenc~. An eumpie of the 

S realization of some Boolean logic fimctfom of two wriabies is illustrated m 
mbie IV, where it is assumed that 1. photocyclc for bacteriorhodopsin is 
employed where the molecules me switched between the ground state bR md 
the metutabie M state. lli1llmination of the bR state with yeUow Ught produces 
m transition to the M state which absorbs blue Ught, while m iUummation with 

10 blue light in the M state rctum.s the bacteriorhodopsi:n molecwes to die grcnm.d 
state bR. The moieculle state cm be monitored by measuring the absorption of 
blue light by meas of 11 weak blue probe beun. m the mugemcnt illustrated 

m tabie 4, where bb1e light is employed both for the preprocessmg stage md 
the input signal as wen u for the output sisnll!, it wm be necessary to perform 

llS discriminaucn by time .sequencing. The photocycle which involves the M state 
is pmtially themmaHy driven with time constmts i, which may constitute 
seve:nd milliseconds. In order to achieve hip total processing rates it is 
ne~cssuy for the optical fogic elements OLEs in the opticld logic device OLD 
or groups of such optical logic elements OLEs to be addressed in puallel. The 

20 me of bacteriorhocfopsin as memory substance l, however, offers severd 
oppc:mmities for realizing logic circuits based on the use of the optical logic 
element OLE according to the present invention. It may be mentioned that 
both the processing of the bR state by means of yeUow light amd the processing 
of the M state by means of blue light are photochemical reactions, i.e. they ue 

2!i driven by photons, md that in each case the switching rate is principaUy 
dependent on the intensity of the light radiation employed. It is also possible to 
employ switching between. e.g. the ground state bR and the K state, a 
tnmsition which occurs very rapidly (tv - 10 ps). After absorption of blue might 
in the bR state the molecule is driven over to the K state via an :intermediate 

30 state J in the course of a few picoseconds. The K state absorbs on 11 

wavelength which is shifted compared with die absorption wavemmath of the 
bR stl!lte, viz. on a wavelength of 590 nm, and may remm to the bR state by 
m~ms of 1 very rapid photo .. fnduced process of at most a few nanoseconds' 
duration. \\"hen using bactmorhodopsin u memory substamce it may lliso be 

3.S attractive to use the long-term stable Q state which fonm put of the aboves 
mentioned bnmch reaction of the bacteriorhodopsin1s photocycie. Use of the 
ground state bll and the Q state rcspccriveiy will give a high spectra! insulation 
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- between input light (write might) and probe light (read light) u well u a simple 
md direct implementation of lope circuits which realize Boolem t\mctiom. 
One possibie drawback is the relatively low cycle speed between the states, but 
by again realizing the opticlll logic ·device according to the invention with the 

S possibility of addressing m massive panllelism, it wiU be possible to attain 
wiy high datm rates. 

~J"able !V=-=.G~on ~,~!Clem Amctimu in ~orhc>d9J!in 
Jf~J!mD operation~ . . .. . . . _ , _ . _ __ .. _ _ _ ___ . 
AND: ~&pm m~ p~ *J>: Ydlow lilbt w me Ml mtc. · 

.. ~A: Strcmg b* ight m blew:h mo]cmEes {M...+bll ate) tbr wri&bie 
vahw I (oo lights 0). 
~Input B: ScqumtW m Input A:. Weak bi• liJbt for~!® w!uc l (m 

10 ligh~ 2 0) 
~ RaWt (meuum ~of,,.. pmh lgbt ~Step 9): 
If A"" I udB::;;: !, ~bl'llicpm"qhtb~i.e.A e~ ll, 
If A = O or B :@ O or A, B 8 o, ttusm.l.Uld bu lgbt is 1'-W er mo, i.e. 
AB=O 

OR: .. mpm A: Wm bllw: night b ~ft.I~ l (m light~ 0) 
~Input B: Wm blue !li,ebt b'"mublc w.tv.m ~ (m light .... O) 
e Remit: Meume sttmgCh of~ wale bl'!W probe light m Stcp IB. U' 
Steps A. B am applicll ~ly • .-~ pbmm ~r. lf A~ i. 
B ~ l or A, B :;11 l. mumMted him probe light sipl-- i.e.: 
A+B=l 

lS lfA=Be.0.mlipaU.i..e.A+BsQ 
NOT: EOG;: AB: 

a Input A: Stmq Stlue tiPt b wri&blle value l (no ~ s- 0) 
e Jnpm B: Weak bbm igbt b wri&Wu ftbme n (oo ight..,. 0) 
a Ra!:dt: Meume ~ oftnamimd WU probe igh.i m Mr:p B. 
T~ i!l lowor mvtdeu A~ 0, ieo: 
ifAmOMJdB~ !,AB= l 
If/\_=_ 1 ~ B ~ O O!-~ :<lt ! .lllld B.~ l_,_ A.~.~ O ... 

20 If the optical logic device according to the invention is to be realized u an 
optical data processor, this implies that it mu.st be possible to realize arithmetic 
registers which perform bmuy mitbmdie operations. An example of a pmmllel 
algorithm for fcnB"~bit full addition is illustrated m fig. 19 and will be able to 
b~ implemented by mogic gates with mmoJY substance hued on, for exampme, 
m e:lectron upping material m bacterior:hodopsin, cf. fig. 18. A bmuy half .. 
adder quite simply consists of m EXCLUSIVE-OR gate for the nm and an 
AND gate for carry. In order to realize a Ml addition the cmy from the lbalf .. 
addition of the less siipificmt bit must be taken into consideration. Logic 
gmtes with three inputs are therefore required. This would exclude the use of 

30 optical logic elements OLEs according to the present invention, smce they 
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only have two inputs for a logic operation. ht order to overcome this problem 
m itentive parallelsflow algorithm may be employed, and am example of a 
four ... bit additim which only requires fom iterations is thus presented i:u fig. 
19 . ..-fhe 1dvamge of this algorithm is that a series of shift .. ud~logic 
operations cam be performed repeatedly by meams of the same optiw logic 
eh~ment with two mputs. i.e. m the cue of electron trapping materials or 
bacteriorhodopsm with light on two wavelengths. Parallel logic operations 
EXCLUSJVE .. QR. md AND can be performed by an opticd lope element. 
Altmmatively. the shifted mtmnediate output sipll may be fed back to the 

10 logic device via the detector md the addressing system in order to excite the 
optical logic clement with light on the mput wavelengths. It is assumed that at 
my :rate a :fully optical system can be realized on the buis of this principle by 
means cf optical logic elements OLEs md with the memory mbstamce either m 
the form of am eEeccrcm ttappim.g material or a confonn1tion .. reactive ml.teriall 

15 which cm undergo 1 photoeycie such u bacteriorhodopsin, if the actiwtor is a 
light..emittmg, wavelength-tunable polymer diode, as described above; 

The abow-m.mtioned examples of realization of Boolean logic ftmctiom md 
an arithmetic openticm ue utmllly intended as exmnples, ad it will be 
understood by those skilled m the art that it not only will be possible to realize 

20 such operations. withm the scope of the present mvenuon, but 1U logic ad 
arithmetic operatiom m bhwy logic in general, md with the optical lope 
device according to the invention configured mm mcldtectme ·which 
implements an optical. data processor with substmrial capacity md speed. Nor 
is there my reason why an optlcd logic device OLD according to the present 

25 btwntio:n shou1d not be configured in.to a large computer with a number of 
processors which cm be addressed md woit in massive pandlelism. If the 
processors are implemmted u systolic uny processors ad if a dynamically 
optinm:able network topology is employed, the mse of proximity-addressable 
optical logic elements according to the present invention will offer 1 

30 perfonunce md capacity which ue several orders of m1gnitwde above 
conventional smmconductor~'based technology, ad addi1ionally entail 
advmtages which omiy opticaHy~based data technology seems to be capabne of 
redfamg. 

/: 
I 
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PATENT CLAIMS 

1. An optical logic element {OLE), pammdlrly a multismte, mwtistable 
optical logic element, and even more pmicularly a prommty .. zddressable 
optical logic emem.ent, comprising m optical memory submmce (1), whmreW, 
udcr the im.fiuence of an impressed mapetic, electromagnetic or electri~ 
field or supplied cnerif, the memo!)' substance (l) can tnmsfer from one 
physilcai or chemical state to a second physical or chemical state, wherein a 
physical or chemicaI state is usiped a specific fogic value md wherein a 
clumge in the logic element's physical or chemical state causes a change m the 

10 logic value md is implemented by the logic element being accessed Ind 
addressed magnetically, emectmmapeticllly, electrically or opticaUy for 
writing, reading, storing, erumg and 1witchm1 of am assigned logic wlue, 
characterized m that the memoiy substance (I) is provided in or on a. 
substmti1Uy layer .. like sttuctme, 

· lS th1t m activator (2) which generates a magnetic, electrom1petic or emectrical 
field or supplies energy to the memory subsnmce (1),, is provided. m or 
adjacent to the substmtialtly laymrslike stmctme, and 
that an opticll detector (3) for detection of the memory sv.bstmce's optical 
response conditional on the memory substance's physicd or chemical state. is 

20 provided in or adjacent to the substanti&Uy layer .. like structure, the optiw . 
logic element (OLE) thus constimting m integrated component consisting of 
the memory subsumce (1), the activator {2) md the detector (3). 

2. An optical logic element (OLE) accenting to claim 1, 
chmacterb:ed m that the mem.omy substance (1) is provided in the form of a 

25 fint layer (11), the activator {2) is provided in the form of a sccom.d !ayer ( h) 
adjacent to the first layer (11) or provided integrated m the first layer (llm), md 
the optical detector (3) which detects the state of the memory substmce (1) is 
provided in the form of a third ~ayer ( 13) adjacent to the fint btyer ( 11), the 
optical fogic element (OLE) thm forming the integrmted component, consisting 

30 of at least three or two layers respectively {In, 12, h; lA. !3). 

J. An optical logic eb:mcmt according to claim l or 2, 
characterized in that under the influence of the magnetic, elemomagnmc or 
electrical field or the supplied energy the memory substmce (1) en pus from 
one state to a second md from the seco:nd stare return to the first state. 

--~-------------
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4. An optical logic clement accordins to claim 1 or 2. 

characterized m. that under the mfiu.mce of the magnetic, emectromap.etic or 

electric II field or the supplied energy the memory substmce (l) cm pus from 

one mte to 1. second, permanently stable state. 

S S. An optical ~ope element 1.ccordiq to claim 1 or 2, 

characterized m that the optical memory substance ( 1) is n electron trappmg 

:material. 

6. An optical logic element acconting to claim 1 or 2, 

chamcterizedl in that the optical memory substance (1) is 1 fluorescent 

10 material 

1. An opticll logic element according to claim 1 or 2, 

chlmeterized :in that the optical memory S'Obstuce ( l) U I eonfmm&Uon~ 

reactive material. 

I. An optical logic element according to c~ 2, 
11.S chlracterized m that each layer (.11, 12, ]J) comprises a bue material. 

9. An opticll logic element according to claim 8, 

chlneterized in tbu the bue material is optically truspanmt. 

10. An optical logic element accordin1 to claim I, 

chuacterized in that the bue material consists of one or more polymer 

20 materiab. 

l l. An optical logic element accordmg to cW.m 10, 

chuacterized m that in the aecond (ii) md third (h} laym more thm mu: 

polymer material is ued. 

12. An optical logic element aceordins to claim 1, 

25 chuactcrized in that at least one of the poJlymer materials in the second (12) 

and/or the third (!3) layers ism electricaHy conductive polymer materiat 

13. An optical logic element according to claim I, 

chuactcized in that the memory substance (1) is provided on er em.bedded m 
the bue materiall in the first layer ( 11). 

30 14. An optical logic element according to claim 8 91 

~huacterized m that the activator {2) is composed of o~e or :more directly or 
---·----------· .. ----
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indirectly radiation .. em:itting means (21. •.. ,211), the mdiation--emittmg meas 
being provided on or embedded in the bue material of the second layer (!2). 

1~. An optical lope element according to claim 14, 
chu1cterized mn that the radiation ... emf.ttmg means (2) is accessed and 
addressed electrically. 

16. An optical logic element accordmg to clmm IS, 
chuacterized in that the ncliationsemittiq mems (2) is a light-emitting diode. 

17. An optical logic element aecmdmg to claim 16. 
chancterized in that the Hght .. emittmg diode (2) is a polymer diode. 

10 11. AD optical logic element according to cDlim ts, 
characterized in that the rldiation .. emittmg mems (2) is a semiconductor laser. 

19. An optical logic element aceordmg to cmlim ts, 
chmacterized in that tb.e radiation~emittiq means (2) is frequency-muble, the 
frequency tuning being performed in cmmccticm with an electrical addressing. 

lS 20. AD optical lope emcme:nt accord.mg to claim 14, wherein there is 
provided more than one ndiation .. emittmg mems (2). 
characterized in that the radimcm. .. emitting means (2~ •... ,211) respectively emit 
on different, preselected frequencies. 

21. An optical logic element accorcimg to claim 14, wherein the radiation-
20 emitting meams {2} ·is an indirecdy mdiado&-emitdmg mens, 

characterized in that the indirectly mliatiom-allumg m.ems (2) is mn.ged to 
be activated by an extem.d radiation source (2'). 

22, An optical logic element accorctina to emaim 2. 
characterized in that the optical memory substmcc ( l) is mtepateci with the 
activator (2) mto a common physical strucmre, with the resuit that the first {ln) 
md second ( 12) mayers m:e combined to form a common layer Uc). 

23. An optical logic element·acoordmg to claim 22, 
char1cterized m that on bcmg supplied with energy the activator (2) is 
manged to be destroyed whereupon it itself fomu a memory substmce m a 

30 pemumently, stable state, or integrated with the memory substmce (1). leaves 
it in the same penunendy, stable state. 

:---·--------------------
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24. An optical logie element according to claim 2,, 

chuacterizcd m that the second layer (12) md the third layer (13) arc provided 

on opposite sides of the first layer (ln) md adjacent thereto. 

2S. An opticd logic element according to claim 1, 

S chuacterized m that die optical detector (3) is am eleetticmlly aecessibie md 

addressable optical detector. 

26. Am optie&l losic element according to claim 15 md cmmm 25, 

chmractmzed m that for the electrical accessing and addressing there m 
provided eledrodes (4, 4') md elcctricd conductors (5, 5') mtegramd in the 

10 second (h) amd the third (h) layeirs. 

21. An optical logic elcmmt according to claim 26, 

cb.Umerized m that electrodes (4, 4') and eiecmcal conductors (S, S') are 

bued on am electrically conductive polymer materill. 

28. An optical !ope element acconling to cllim 2, 

IS chuacterized in that adjacent to the fint layer (11) oir integrated th~cin th.ere 

is provided a further layer ( 1.s) for generating m electricld field,, the senerated 

electrical field being med to mftuence the optical memory subsmnce's (1) 

respomc in the time domain, the frequency domam or the mtmuity domain 

respectively. 

20 29. . An optical logic element according to cbim 21, 

chlrlcterized in that the mrtb.crr layer ( 14) comprises mw or more electricdly 

conductive polymer materi.rus. 

30. An optical logfo device (OLD), espeei1Uy for storing data or performing 

logic and arithmetic operatioos, wherein the device comprises a number of 

2S optical lope elements (OLEs), where the opticd logic elements {OLEs) 1re 

particularly multi.state, multfstable optical lope elmnmts, ad even more 

putieul1dy pmximity ... 1ddressable optical lope elements, comprising ~ 

opticll memory substance (1),, wherem, under the influence of m impressed 

magnetic, electromagnetic or electrical field or supplied energy, the memory 

30 substance (1) cm tnmsfer from one physiw or cb.emiclll state to a second 

physical or chemica.1l sta.te, wberem a physical or chelnicall state is assigned a 

specific fogic value, and wherein 1. change in the logic element's physical or 

chemical state causes a change in the logic vldue ud is implemented by the 

fogic element being accessed and addressed mapetieaUy, electtomap.eticaUy, 

11i111nr 
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. efoctrically or optically for writing, reading, storing, aumg md switching of 
an assiped fogic value., 
characterized in that the memo:y substmce ( i) is provided in or on a 
substmtilUy D.ayerslike structme, 

S that an activator (2) which generates a magnetic., ellectromagnetic or electrical 

field or supplies energy to the memory substance (1), is provided! adjacent to 
the substntially layer .. like stmctm'e, 
that m optical detector (3) for detection of the memory substmce's optical 
response conditional on the memory mbstmce's physical or chemical stat~ is 

10 provided m or adjacent to the subsuntially iayer .. like structure~ the optical 
logic element (OLE) thus constituting m integrated componcmt consisting of 
the :memory substance {l), the activator (2) md the detector (3)" 
that the device {OLD) comprises at last one structure (S) fonned. by the 
optica! logic elements, 

15 that the optical memory substance 0), the activator {2) md the detector (3) m 
each optical logic elem~t (OLE) m the stmctme (S) merge into ad me 
connected with the memory substance, the activator and the ·detector m- the 
surrounding logic elements {OLEs) m the stmcture (S), the suucnu-e (S) thus 
forming a flat or curved surface body, each opticd logic element (OLE) m the 

20 structure (S) having ma umm.bipous assignment between the memory 
substance (1) and the activator (2) mdl m usipment between the memory 
substuce (]) amd the optical detector (3) for unambiguous detection of a 
physical or chemicli st.~te m the memory substmce, dms enabling each optical 
logic element (OLE) in the stmetme (S) to be 1eccsscd amd addressed 

2S mdividu1Uy. 

l l. An opticd lope device &CConting to claim 30~ 
chmtcterized im that in each logic element (OLE) the memory substn.ce (l) :is 
provided in the form of a first layer (11)" the a.etivator {2) is provided m the 
fmm of 1 second layer (12) adjacnt to the fint layer (11) or provided 

30 integrated i:n the first layer (1 1), and the optical detector (3) which detects the 
state of the memory substance (1) is provided in the form of a third layer (13) 

Mijaccnt to the first layer (1 1), the optical fogic e!ement (Ol.E) thus forming 

the integrated component. consisting of at least three or two Ilayers respectively 
(111> I:!, h; ll, h)~ 

35 md that each of the layers {Is, 12' ~3) merges into am.d h commected with the 
em:respondiq layers (J. h h. 13) in the smmmidmg logic elements (OLEs), the 

--------------·--
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. stmetem thus forming a flat or curved surface body of comected and! mutually 
adjacent respective mayen (lu» !~ 11; lh 12). 

32. Am optic1l fogic device aceommg to claim 30 or 31, 
chu1cterized m that each structure (S) is in the form of a thin flexible film. 

33. An opticll lopc device according to claim 30, 
clun.cterized in that the optical logic device (OLD) comprises two or more 
conjoined structures {St. ....• SJ stacked on top of one aether, m s~ch a 
m.mmer that the optical logic device (OLD) forms 1 chip- or &k .. like 
component mtelf&ted from a plurality of stmctures (S). 

10 34. An optical logic device according to claim 33, 
chamcterized in that between each stacked stmcmre (Sh .... , SJ tllere b 
provided am optically, thermally or electricdly insulating layer (15). 

35. An opticl.l logic device according to clmm 30, 
clu.nwterizcd m that two or more logic elements (OLEs) which form II 

U connected group m the stmcmre (S) are 111iped to m opticld detector (3) 
which covers Ill the lope elements m the group. 

36. An optical fogic device accol'mg to claim 30, 

chmtcterized m that each structure (S) comprises o:ne or more layers (16) with 
electrodes { 4, 4') md electrical conductors (5, 51

) usiped to each lope 
20 element (OLE) for accessing md addressing the optical logic device (OLD). 

37. An optical logic device according to claim 36, 
characterized m that the layer or iayen (!,)arc entireRy or pardy composed of 
one or more conductive polymer materials which, integrated m the m&yer or 
layers (16), forin the electrodes (4) udl the electrical conductors (S). 

38. An opticd logic device according to claim 30, 
eh1racterized in that 1. structure {S) is comigured in its entirety or partly u a · 
optical memory. each optical logic elemait (OLE) in the memomy coutiwting 
a memory element which can be accessed ud addressed mdividully. 

39. An optical logic device according to clmm 30, 
30 characterized in that 1 structure (S) is partly configured u optical logic or 

lrithmctic circuits, or :networb of such circuits, each optical fogic element 
(OLE) in the circuits constituting a switching element which cm be accessed 
ed addressed individually. 

--------. ·---= 
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. 40. Am. optical logic device according to claim 30, 

eh1racterized int.hat groups of the optical fogic elements (OLEs) ma stmcmre 

(S) are configured u memory registers., llogic registers md arithmetic registers 

respectively, each optical logic element (OLE) ma register and each register 

being capable. ofbemg accessed md addressed individually, md m such a 

mamner that the registers ca be jomdy configured to form am optical data 

processor. 

41. An optical logic device accordmg to claim 30, 

chanctcrized m that acce11mg ad addressmg of the lope elements (OLEs) 1re 

10 performed via multiplexed. communication mmes usipedl to the stmcmre (S). 


