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For solving the problem of speed increasing of computers with good
prospects are optical devices capable of executing the whole spectra of
mathematical operations. differentiation, integration, work with complex
functions etc., but they, as a rule, represent some class of the peripheral
devices. Their lack is that in the majority they are analog, that is. low
accuracy of calculations, difficulty of programming, unproved logic and
arithmetic operations with numbers. The existing computing devices
functions of logic gates realize and are constructed on the classical
architectural decisions. They are not only bulky, but also the presence of
electrical and electronic components considerably reduces speed of
calculation of logic functions. In many decisions the opportunity of
complex functions calculation on the basis of a base element is impossible.
The whole class of the patented integrated optical logic devices carrying
out calculation of logic operations by an exclusively optical way is
developed and offered by the authors. That gives a large speed of
calculations, integrated realizability and safety in operation. All described
devices can represent to the full components of the optical processor
without using electrical feeding.

1 Introduction

The modern development of the components of mieobenics is connected
in the increase of the density of installation amdease of the frequency of a signal.
It causes the formation of other physical phenomensemiconductors for which
other ways of the processing of signals are reduiNow there are already new
circuit decisions and algorithms of processing, also physical ways of storage and
transfer of information [1], [2]. There is also tiadole class of devices of optical
processing of information [3].

2 The Review of Existing Components

It is usually accepted to consider that the devit®saccomplish logical
operations of conjunction, disjunction and invensiare executed on electronic
components and require an electrical feed. In tHeg& gates operations are
accomplished by means of electrical signals [4].



The device, in which the part of electrical signalseplaced by optical signals,
— iIs the electrooptical logic element [5], contagpimodulators of light and photo-
electric converters, the electrodes of the firstugrof photo-electrical converters and
condenser are connected to electrodes of thenfiostulator of light and the optical
output of the first modulator of light is connectéml optical inputs of group of
modulators of light connected by the optical ouspiat optical inputs of the second
group of photo-electrical converters.

Though in the description of the invention the aaity of forming
electronic logical elements in integrated real@atis noted however, in the formula
of the invention there are no indications. The latkhe given device is, that the
presence of electrical and electronic componentssiderably reduces speed of
calculation of logical functions.

More perfect device containing active optical comgats is "Bistable Image
Storage Apparatus” [6] that illustrates an imagehlaip or storage system according
to the presently preferred embodiment of the ineentThe system includes a pair of
light addressable, light readable image amplifydlegices optically coupled together
into a closed loop optical circuit. Image amplifieran be formed from any one of a
variety of light addressable, light readable dewvicguch as light addressed
electrophoretic display panels, electro-optic pbetwsitive devices utilizing the
electro-optic and birefringent characteristics edruth Silicon Oxide (although this
device itself has a memory capability) or even apprly connected array of
photosensors and light emitters. The presently mposterred devices, however,
comprise light addressed, liquid crystal panelsl{CApanels) operated to obtain the
action of inverting amplifiers.

However alongside with active optical components #pecified device
contains electronic components. Besides the optidlof the circuit concerns rather
to geometrical optics.

3 Positing the Task

With the purpose of perfection of technical pararetof the computing
components the task was put in creation of excllgivoptical components of
computer facilities without electronic components aot requiring electrical feed.

4 System of Concepts and Designations used

For the decision of the task put it was decidedtdke advantage of
achievement of organic and inorganic chemistry. Téthesized chemical
substances have a wide spectrum of physical piepem the opinion of the authors
the most remarkable are such phenomena as phot@sogince and photochromism.
In this connection have arisen a number of concegtkh are inherent in the
developed components. As the active filter photogfatic substance is used. The
photoactive element represents a component frortofuminescence substance. The
passive filter is executed from a material with gibgl properties of the filter for
some area of a spectrum. The optical element ofraamcation can be interpreted as
In geometrical optics — as phase grating.



5 The Preconditions for the Decision of the Task

In searching of jointly working optical componeiitsvas decided to use base
radiation (in the given statement, — feeding alicg system). As a demonstration
variant it is possible to take advantage of infd-radiation as basic radiation.
Transformation of radiation from one area of a §pea in another are known, for
example, from [7]. In this connection the attentwas concentrated on inorganic
compounds — as photoactive elements luminophors alessen.

The work of components of the optical circuits &sé&d on the use of physical
properties of chemical compounds and their speatharacteristics. As one of
variants of performance of the given device, thenponents with properties of
photochromism are used [8] — [10] and luminophorish vthe anti-Stokes by
excitation [11].

Photoluminescence by S.l1.Vavilov's classificati@am @rise at compelled and
recombinated radiation. In solids with property lominescence the intensity of
luminescence depends on small quantities of impusitactivators. In absence of the
activator it can not be observed. The complex caatimn of various processes is
actually observed.

The basic power characteristic of a luminescencthespower outputy,

which shows, what share of energy absorbed by autsQ will be transformed to
energy of luminescent radiati& ,m:

Nout = QLum /Qef . (1)
For luminescence the concept of a quantum oufgus the relation of a flow

of luminescence radiatiodPy,n, to a flow of the absorbed radiatio®y is
introduced:

”q = q)eLum /q)eO' (2)
It is better to presemy, as the relation of number of quantums of luminesee

NLum t0 NUMber of the absorbed quantums of stimulatatiationng,::
”q = NLum /nExcit' (3)

The Photoluminescence is the most investigatedvaddly used in practice
kind of luminescence. The basic feature of the hascence is determined by the
Stoke's law: the spectrum of the basic luminescencees in of long waves area
concerning a spectrum of absorption. Thus, withih@scence the radiated quantums
of energy are smaller, than the quantums of exaitatthe length of a wave of
luminescence is larger than the length of a wavstiafulating radiation. Under the
Stoke's law in a spectrum of luminescence therenetl be present all passbands, but
only those the length of wave is larger than theglle of a stimulating spectrum.
Probably, there can be the infringement of this laken at excitation of
luminescence with the narrow spectrum of excitatiroa spectrum of luminescence
are partially present waves of smaller length ttenlength of a wave of stimulating
radiation. The emergence of such "anti-Stoke'sd afduminescence is possible only
when with luminescence to energy of stimulating tphe the energy of thermal



movement of molecules of luminescent substancdded Really, with the increase
of temperature the anti-Stoke's area becomes larger

It is established that the radiation of photolurstence arises at luminophor's
absorption of only certain lengths of waves. A nemlof the luminophors at
excitation of various lengths of waves by theiriaidns has a constant flow of
luminescence radiation, by structure thapjs; of luminescence should depend on

the length of a wave of stimulating radiatidp,; . Power output is

Nout = a~/]Excit’ (4)
wherea — factor of proportionality, and this growth ocswso long as meaning of
guantum of excitation is enough for transition tdotron from the non-exited level
on the exited one. Theoreticalyy,; =1 [12].

As other components of the optical circuits aredyslkeotochromatic materials
on the basis of organic and inorganic substanceslet)the photochromism is
understood convertible transformation of substadnme one condition into another
occurring only in one direction under the actionlight and accompanying by the
occurrence or change of absorption in the seenddr@apectrum.

The photochromatic cycle in a general view lookdragasition of substance
under the action of quantum of lightv; from a conditionA with absorption at the

length of a wavel,; in conditionB with absorption a#, :
hy,
A(A) o B(A). (5)
kT, hvy,
To the an initial condition the substance comexklmther spontaneously (at
the expense of a thermal enekdy) or under the action of lightv,.

The photochromatic effect of a number of substawné@sorganic, organic and
biological origin is characterized by the opportunof occurrence or change of
colouring of substances (systems) directly under a@btion of photochemically of
active light and reproducibility on the same objeittis caused as a rule by
convertible reorganizations of substances at acuntde level.

According to the law of quantum equivalence, edudpebed quantum of light
hv causes physical or chemical change of only oneeoate. The number of the
changed molecules in unit of time is proportioratiie number of quantums of the
monochromatic radiation absorbed by moleculesHersame time. Hence, the speed
of transformation of the photochromatic systema$ireed by speed of absorption of
light.

For a quantitative estimation of efficiency of pbiansformations the
quantum outputg, is used which is understood as the relation of bemof the
formed molecules to number of the absorbed quanimsit of time:

b, = dn/dt
A7 dN/dt
where,n — number of the formed molecules;
N — number of the absorbed quantums of light;
t — time,

(6)



Taking into account, that the number of quantundgetermined by the relation
of the absorbed energy to the energy of one quarfamthe speed of formation of
the photoinduced moleculds under the action of light withd; absorbed by the

initial form A we have the following expression:

dn o A
d—tB=|o,/1i¢/1i,AB(le j (7)

where, 1, , — density of a flow of quantums of light fallingyahe photochromatic

system;
k)., A — parameter of absorption of the initial foAn

| — thickness of an absorbing layer.

Passing to the distributed spectral parametersbatidving that the strips of
absorption of initial and the photoinduced forms aot overlaped, we obtain the
expression for the speed of increase of opticatitieinf the photochromatic system
in the field of a strip of absorption of the phaouced form 4;) at excitation by

radiation absorbed by the initial for
)
dDA, 5 1-10
"Z=Clg a8y, A6

dt ’ ,

(8)

where, D,,j g — optical density of the photoinduced form;

C — constant;
- ande, A — molar factors of absorption of the photoindueed initial

forms accordingly;
C, — concentration of the initial form of molecules.

The feature of photoprocesses lying in the basis pbEnomenon of
photochromism is that under the action of lightpimotochromatic system occurs
storing of energy which after the termination ahdiation is spent on returning the
photochromatic substance in the initial condition.

In organic photochromatic substances the phenomeriophotochromism
occurs owing to: the oxidizing-rehabilitation ofastions, the tautomeric prototropic
transformations, the zys-trans-isomerization, thealemt isomerization,
photoregrouping, the heterolytic and homolytic kreéthe bonds, the dimerization
[13].

There exist much less inorganic photochromatic temlggs than organic and
they do not have such a variety of photochemie@aisformations. However materials
created on their basis, due to a number of pragerimportant for practical
application are just as good organic as.



Many crystal and glassy inorganic substances hhwe&ophromatic properties.
The simplest photochromatic process in inorganystats is the formation of centres
of colouring at optical excitation of crystals hetphotons with energy appropriate to
the width of a zone. The arising centres of cologiare similar to the ones formed at
x-ray and y-irradiation, at action on crystals of electrongl areutrons, at heating

crystals in vapour of metals (additive colourintd].

The optical excitation results in formation of thealvalent of rare Earth ion of
an electronic configuratioAf5d" in the basic electronic condition. It is known [15
that electron optically released is grasped byell fof a superfluous charge created
by an trivalent impurity and forms hydrogen-likenter of large radius similar to the
Rn-centres in crystals of halogenides alkaline mef#ih® phenomenon of photocarry
of the electron was firstly revealed in crystals Nty Feofilov P.P. [16]. The number
of pairs of the rare Earth activators for whiclkmown the photocarry of the electron
in MF; is very numerous [17].

By potentials of ionization of ions of the lantha®L " in the MR, rare Earth
lons locating in lattices Cafand Srfi; can be arranged in a sequence (Eu, Yb), Sm,
Tm, Dy, Nd, Ho, Er (Gd, Pr, Ce, Th).

Each of the ions of the specified lanthanoids is tbw is the donor of electron
In relation to all other ions located to the leftio It essentially allows to expand
spectral borders of a photosensitivity of similabstances. So, the activation of
photocarry of electron iBn?* is carried out by radiation 313 nm,Nu** — 483 nm,
in Ho?** — 504 nm, inDy** — 546 nm etc. Thus for the photochromatic crystéis
the rather low quantum outpup &0,3) is characteristic. It is owing to the overtapi

of spectrum of absorption of the activator-donod attivator-acceptor that both
direct and return photocarry of electron are siamébusly carried out at irradiation.
The same reasons explain the absence of photawfagigctron, for example, in pairs
St —Tm?*" andEu*—Tm?>* [18].

The complete convertibility of the photochromaticogess is achieved at
additive restoration of crystals, as in this cdse whole centers are absent. For the
second activatorL(y) to remain, in a trivalent condition its affinityith an electron
should be much less thanlat, [19].

The thermostability of the photoinduced conditiaiepends on many factors
and, first of all, from temperature. At room termgere the time of disappearance of
the photoinduced absorption changes from seveka ttaweeks. In our case (in the
offered technical decision) the convertibility dfet photochromatic process occurs
immediately after removal of managing radiationtlese is only infra-red influence
from a source of basic radiation of the first group

The study of the optical spectra of restoratiorteimperature area 700-850°C
and return oxidation at 1000°C has allowed to distabhat photochromatic changes
occurring in twice activated titanates are causeadry of a charge between ions
through a zone of conductivity or through a valsmte:



hy,

Fe3* + Mo®" o Fe*" +Mo>*
kT
hv,

Ni%* +Mo®" o Ni®*" +Mo>*
kT

The crystals containinge®, Ni** andMo®, have insignificant absorption in a
seen part of a spectrum. Under the action of aeftvaadiation in the field of 390-
430 nm crystals pass into a condition describednbgnsive strips of absorption
located in seen area of a spectrum. The processesoavertible: the complete
disappearance of the photoinduced colouring SYND Mo occurs without
influencing infra-red radiation for 10-20 minutes.

Now the photochromatic glasses can be dividedtimtogroups: the glasses on
the basis of oxides of variable valency and therdoghases glassy system which
consist of a matrix glass and fine-disperse photsitiee phase having, as a rule, a
crystal structure.

The photochromatic glass on the basis of oxidegaafble valency contains
small quantity of oxides of tungsten and molybdenearopium and cerium [20] —
[22], erbium, ytterbium and neodymium [23], prasgadim and dysprosium [24]. It
Is known from [25] that a photochromism in cadmiphated borosilicate glasses is
observed, the ions being in the lowest conditiomaflation represent themselves as
the donors of electrons.

9)

6 The Technical Decision of the Task

In the descriptions of the presented devices arnitabdpcircuits chemical
substances with properties of photoluminescence pnadochromism are used as
active elements.

6.1 Integrated Optical Logical Element

The integrated optical logical element allows tag@ut calculation of logical
operations AND, OR and INVERT by an extremely ogitway [26].

The work of an integrated optical logic elemeng.(fL) is based on the use of
physical properties of chemical compounds and th@éctral characteristics. As one
of the variants of performance of the given deviee components with properties of
photochromism are used.

At performance of the device in demonstration vdritae optical elements of
communication can be executed as spherical anglfimddcal lenses and/or prisms
and/or immersion.
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Figure 1. General view of a Design "Integrated Optical Logical Element"

In firm luminescent solids the intensity of lumiceace depends on small
guantities of impurity — activators. The complexrdmnation of various processes is
actually observed.

The radiation of the photoluminescence arises sbration of only a certain
lengths of waves by luminophor.

The use of the given technical decision opens fyunity to transfer the
existing level of computer facilities in opticalear of a spectrum without using
electronic components.

The development contains "know-how". Developed k¢ tinformation
Technologies Department of Kherson National Teddrimniversity.

6.2 The Integrated Optical Generator of Pulses

The integrated optical generator of pulses allosvdotm a series of optical
pulses with peak values of logic levels used intdigomputer facilities [27].

The work of the integrated optical generator ofspal (fig. 2) is based on the
use of physical properties of chemical compoundstheir spectral characteristics.
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Figure 2. General views of a Design "Integrated Optical Generator of Pulses”

The generating part of the device consists of tlogiE elements of inversion.
As a result of it the periodic pulses of identidaration are generated. The duration
of periodic pulses will be equal
T, +7,+13=3r, (10)
where, 1, , 7,, T3 — delay by the first, second and third inverteceaadingly.
Taking into account such connection of logic eleteeme receive a shift of fronts



and a fall of pulses of one element concerningleerdby value3r . It is known, that
their number should be odd but not less than thmeerters. The application of one
inverter is inexpedient since the fronts and faflpulses can not achieve an optimum
allowable level which will cause stochastic process

The use of the given technical decision, as spegfgenerator of the optical
computer opens the opportunity to transfer thetiegydevel of computer facilities in
optical area of a spectrum without using electr@oimponents.

The integrated optical generator of pulses can ¢ as a component of
dynamic units of optical computing facilities.

The development contains "know-how". Developed k¢ tinformation
Technologies Department of Kherson National Teddrimniversity.

6.3 The Integrated Optical Shaper of a Single Psé

The received device of the integrated optical shapa single pulse allows to
form a short optical pulse in reply to the chanfe dogical level on an input with
amplitude of logical levels accepted in digital gorter facilities at the expense of the

constructive decision using physical propertiescbémical compounds and their
wave parameters [28].
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Figure 3. General views of a Design "Integrated Optical Shaper of a Single
Pulse"

The integrated optical shaper of a single pulsg. @) contains a source of

basic radiation, phase gratings, optical waveguidassive filters, active filters and
photoactive elements.

With occurrence of a control signal on the inputopitical waveguide the

condition on input of the active filter changes. the active filter is made active, it
does not pass radiation from a source of basiatiadi on an input of the photoactive
element. By the elements of a delay the opticaeid formed on an output.

The integrated optical shaper of a single pulsebmnsed as a component of
dynamic units of optical computing facilities.

The development contains "know-how". Developed ke tinformation
Technologies Department of Kherson National Tedrimiversity.

6.4 An Integrated Optical Multifunctional Logical Element
The integrated optical multifunctional logical elem is capable of forming
optical channeling to carry out except for invemsiand conjunction logical



operations of a disjunction, logical functions: rée function "OR - INVERT",
"AND - INVERT", operation of logical comparison, rfation sum on the module 2,
arithmetic addition [29].

The work of an integrated optical multifunctionagic element is based on the
use of physical properties of chemical compoundstheir spectral characteristics.

The integrated optical multifunctional logic elerhéing. 4) works as follows.

The analysis of conditions of distribution of ogificradiation (basic and
secondary) on optical system of the device in theeace of radiation on information
inputsA andB (inputs of the second waveguide and the third wamke accordingly)
gives the following estimation of a condition ofarmation outputs of the device: the
secondary radiation takes place on the outp(utput of the fourth waveguide), on
the outputD, on the outpuG, on the outpuH and on the output. On outputsE, F
andK the radiation is absent.

In feeding the secondary radiation on any of infation inputs of the device
(A or B) the top part of optical system from the third @aztive element and higher
— remains unchanged. It is due to the featureb@fecond active filter which does
not pass radiation of a basic source of radiatioa dranchy through the first input

to the output, — if even on one of its inputs (setor third) there is a secondary
radiation from the first or the second photoactelements. The exception makes
information outputs of the device of the first god@ andD on which the condition
will change depending on the entrance conditions.

Figure 4. The Structural Circuit "Integrated Optical Multifunctional Logical
Element"

The integrated optical multifunctional logic elerhés capable of performing
seven logic operations with binary meanings ofamte variable and one arithmetic
operation. The performance of operations is refigtty the truth table.

1. Logical inversion

C=-A;, D=-B. (11)

2. Logical conjunction



E=ALCB. (12)
3. Logical disjunction

F =ALB. (13)
4. Logical operation "AND - INVERT"
G=-(ALB). (14)
5. Logical Pierce function "OR - INVERT"
H=-(ALB). (15)
6. Logical operation sum on the module 2
K=A-BLC- AB. (16)
7. Logical operation of comparison (equivalence)
L=ABLC- A- B. (17)

8. Arithmetic addition. In performing operation addition of variable#\ and
B as the result of addition will be the meaning loa obutputk with the use of carry
in the senior bit at overflow from the outirt
0+0=0
0+1=1
1+0=1

1+1=0
plus carry to the senior bit frola = 1+1=1C.

The use of the given technical decision as a commpoof the optical processor
gives the opportunity to transfer the existing leskcomputer facilities in optical
area of a spectrum without using electronic comptme

The integrated optical multifunctional logical elem can be used as a
component of the arithmetic logical device of tipgi@al processor.

The development contains "know-how". Developed k& tinformation
Technologies Department of Kherson National Teddrimiversity.

(18)

6.5 Integrated Optical Synchronized RS-flip-flop

The integrated optical synchronized RS-flip-flop dapable of performing
function of storing of logical conditions [30].

The work of integrated optical synchronized RS-flgp is based on the use of
physical properties of chemical compounds and #pctral characteristics.
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Figure 5. The Structural Circuit of "Integrated Optical Synchronized RS-Flip-
Flop"

The characteristic equation of work "Integratediagtsynchronized RS-flip-
flop" (fig. 5) is submitted by the formula:

QX =cksk ockrk ookt (19)

It is supposed that before studying the work offtipeflop it was in the initial
condition, i.e. the outpu® is equal to logic zero and the outg@tis equal to logic
unit. According to the classical theory the worktleé synchronizedRS —flip-flop
can be checked up on the table of condition.

Integrated optical synchronized RS-flip-flop wor&s follows. In the initial
condition the basic radiation passes on conditibrethches froner up tov from the
source of basic radiation through the first optiement of communication (OEC)
distributing on the first optical waveguide and sag through the second OEC
through the first passive filter, through the th®&C.

Let's consider the situation in the absence otcklgiontrol levels on inputs of
the optical waveguidesY), (C) and (R), i.e. radiation of sources of the second
group and also on the second inputs of the finst second and the third active filters.
As the active filters are not active they passatain freely from the source of basic
radiation on branchea, £ and y to the first optical functional element (OFE), to

the fourth OFE and to the second OFE accordinghe Tirst, the fourth and the
second OFE comprise photoactive elements whichtiegcirradiate the secondary
radiation. Thereof the fifth and the fourth acthileers become active. Let us assume

that the initial condition of the considered fliip{f, — when on its inverse outp@




will be a logic unit, i.e. the presence of the setayy radiation (due to the
luminescence of the ninth OFE) on the output offifitke optical waveguide.

The change of the condition on inputs will resaltchange of the condition of
components of the circuit.

The design offered allows to perform operationstofage of logical condition
by optical channeling at the expense of physicaperties of chemical compounds.

The use of the given technical decision as a compoof the optical processor
gives the opportunity to transfer the existing lewecomputer facilities in optical
area of a specter without using electronic comptmen

Integrated optical synchronized RS-flip-flop can umed as a component of
registers of the optical processor.

The development contains "know-how". Developed k¢ tinformation
Technologies Department of Kherson National Teddrimniversity.

6.6 The Integrated Optical T-flip-flop

The integrated optical T-flip-flop allows to perforthe function of the
accounting flip-flop by using of physical propestief chemical compounds and their
wave parameters, with this excluding the occurresfciae uncertain condition with
the possibility to be applied for the constructminthe accounting circuits appears
[31].

The work of the integrated optical T-flip-flop (fi-7) is based on the use of
physical properties of chemical compounds and tepectral characteristics. By
search of in common working optical componentsdbeision on use of base basic
radiation (in the given statement, — feeding alticg) system) was accepted. As
demonstration variant it is possible to take adagatof infra-red radiation as basic
radiation.
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Figure 6. The Structural Circuit "Integrated Optical T-Flip-Flop
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Figure 7. General view of a Design "Integrated Optical T-Flip-Flop"

Before considering the work of the device it is essary to note that the
chosen structure of the T-flip-flop consists of twarts. The first part is a unit of
synchronization which consists of two 2-input elaeiseAnd. The second part is
proper asynchronous trigger consisting of two ditrgdements OR - INVERT. Such

configuration is chosen as base with the

purposaethuce temporary delays

influencing as a result speed (unlike the circusissembled from the same



components). The T-flip-flop with one informationput T is represented by the
asynchronous T-flip-flop which is switched by tleeeipt the input T of a controlling
signal as a logic unit. The table of switchingsha T-flip-flop in the reduced form is
submitted in table 1 and in the complete form —tainle 2.

Table 1 Table 2

The Reduced Form of

the Switchings of T- The Complete Form of the Switchings of T-

flip-flop flip-flop
Tk Qk Qk—l -I—k Qk
0 QK1 0 0 0
1 QK1 0 1 1
1 0 1
1 1 0

The characteristic equation of work "Integrated iagt T-flip-flop" is
submitted by the formula:

Qk:Qka DQk_lTk. (20)

It is supposed that before studying the work offtipeflop it was in an initial
condition, i.e. the outpu® is equal to logic zero, and the outf@tis equal to logic
unit.

It is important to note that the installation ofetlflip-flop in this or that
condition should be accompanied by the controlingnal T . And the control is
carried out by true logical meanings.

The change of a condition on a controlling cloggunwill result in change of
the condition of components of the circuit.

At the moment of disappearance of the controlligga T the right brancho
of feeding is disconnected by basic radiation @& éghth element. But thus there
remains a left branch. As a result of it the flipgf is in the condition of storage of
"unit" on the individual outpu@.

Using the given technical decision as a componérih@ optical processor
gives the opportunity to transfer the existing leetcomputer facilities in optical
area of a spectrum without using electronic comptse

The integrated optical T-flip-flop can be used asomponent of counters of
the optical processor.

The development contains "know-how". Developed k& tinformation
Technologies Department of Kherson National Tedidrimiversity.

6.7 The Integrated Optical D-flip-flop
The work of the integrated optical D-flip-flop is&ed on the use of physical
properties of chemical compounds and their spechratacteristics [32].



The structural circuit "Integrated optic8l -flip-flop" is submitted in figure 8.
The general view of a design is submitted in fig@ure
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Figure 9. General view of a Design "Integrated Optical D-Flip-Flop"

Before considering the work of the device it is essary to note that the
chosen structure of thB -flip-flop consists of two parts. The first part asunit of
synchronization which consists of two 2-input eletseAND. The second part is



proper asynchronous trigger consisting two 2-ingleiments OR - INVERT. Such
configuration is chosen as base with the purposeethuce temporary delays
influencing as a result speed (unlike the circusissembled from the same
components) and realizes logic function

QK =D* 1. (21)
The characteristic equation of work "Integrated icgt D-flip-flop" is
submitted by the formula:

QK =ckpkt Ock QKL (22)
It is supposed that before research of work offlipeflop, it was in an initial

condition, i.e. the outpu® is equal to logic zero, and outp@Qt is equal to logic unit.

According to the classical theory the work of the-flip-flop can be checked up by
the table of conditions (Table 3-4). The tablerahsitions of the D-flip-flop in the
reduced record is submitted in Table 3, and ircthraplete record — in Table 4.
Table 3 Table 4
The Reduced

Form of The Complete Form of Transitions of the D-flip-
Transitions of flop
the D-flip-flop
0 QK1 0 0 0 0
1 Dk 0 1 0 1
1 0 0 0
1 1 0 1
0 0 1 0
0 1 1 0
1 0 1 1
1 1 1 1

It is important to note, that the installation dfetflip-flop in this or that
condition depends on meanings on the idpwnd should be accompanied by clock
C. The change of conditions of the flip-flop depewndsthe presence of clock on the
input C.

The integrated optical D-flip-flop works as follows

In the initial condition the basic radiation passesconditional branches from
a up to u4 from a source of basic radiation 5 through thst ®lement 4, distributing

on the first optical waveguide 3 and passing thhotige second element 6, through
the first passive filter 7, through the third eleTn8.

Let's consider a situation in the absence of ldgieatrolled levels on inputs of
optical waveguide 20[) and 25 C), i.e. radiation from sources of radiation of the
second group 22 and 23, and also on the secondsiopuhe first of the 9 and the
second of 10 active filters. As active filters Qa0 are not active they pass radiation
freely from the source of basic radiation 5 (Fig.08 branchesy and S. Let us



assume that the initial condition of the considdhgdflop, is that when on its inverse
output Q will be logical unit, i.e. the presence of the @stary radiation on the
output of the fifth 43 optical waveguide.

It is necessary to note, that the third 11 andftheth 12 active filters are
prototypes of elements of conjunction. It meang tha specified active filters will
pass basic radiation only in the case when on tbthem (the second and the third)
inputs there not is no activating radiation. If @me of the input of the active filter
there is a secondary radiation, due to activizatiosill not pass through itself the
basic radiation.

The occurrence of signald andC on inputs of the second 20 and the eighth
25 optical waveguide will result in change of tlegit condition of components of
the circuit.

It is necessary to note that the seventh 15 aneitieh 16 active filters and
also the ninth 17 and the tenth 18 active filtersrepresent a prototype of elements
of disjunction.

The use of the given technical decision, as a compio of the optical
processor, gives the opportunity to transfer thsteg level of computer facilities in
optical area of a spectrum without using electr@oimponents.

The integrated optical D-flip-flop can be used a®apound component of the
registers of the optical processor.

The development contains "know-how". Developed k¢ tinformation
Technologies Department of Kherson National Teddrimniversity.

7 Deductions

The technical decisions, submitted for discussiamehadvantages over all
technical parameters with all existing ones noweskhresults should be perceived as
one of the ways of the decision of the given techlrtiask.

Conclusion

In many scientific bodies many perspective tasks l@@ing solved. For the
development of civilization one shouldn't miss gwomitted opportunity given by
the received result. As far back as 1881 A.Bell destrated his optical telephone.
But the opinion of the authors his next design wite converter in an electrical
signal was a mistake. If it had not taken place,ghgineering would have developed
improving optical communication lines. As a resulvas at the end of XX century
when it occurred.

The important task of perfection of technical irgefual information systems is
the search for methods and technological decisity@ng optimum ways for
application of physical phenomena and their propertt is possible to specify
categories of the development of element baserofWae of this millennium.
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