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The paper presents a new type of optical neuron, whose weights can be optically changed at
any moment. Once being established, the weights are memorized for a period of few days. The
structure of the optical neuron comprises a photoelectret as the recording medium of the
weights and an optical nonlinear crystal of the type of those that manifest the Pockels effect.
The device uses the transverse Pockels effect. The paper describes the structure of the device,
as well as the estimated values of its parameters. Moreover, severa aternatives of the
structure are briefly presented.
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1. Introduction

Today we are assisting at agreat interest in the fidd of optica computing [1 - 3]. This interest
is due to the advantages provided by light when used as an information carrier. Among these
advantages we mention speed, paralldism of processing and improved connectivity between devices.
Moreover, with light beam as information carrier, severa types of information processing can be
performed, such as andogue computing and integral transforms. A specia application of light in
information processing isitsusein optical neural networks.

The paper describes an al-optical neuron, whose structure is derived from a previous
published paper [4]. The present version alows for the integration of the device.

The paper consistsin severa sections, as foll ows. Section 2 is devoted to the presentation of a
general background in which are presented the main features of artificial neurons, the characetristics
of optica neurons, as wdl as notions about photoe ectrets. Section 3 is devoted to the presentation of
the optica neuron as regards its structure and eva uated parameters. Its specific features are presented
aso within this section. Thelast section of the paper is devoted to conclusions.

We are focusing here only on the device structure and parameters. We are not dealing neither
with the technol ogical realisation of it, nor with its applications.

2. Background

An atificia neuron is a device that has a number of ‘n’ inputs and an output, which makes
the weighted sum of its inputs and compare this sum with a threshold vaue, emitting signd if the
sound overcomes the threshold etc. The schematic diagram of the device is depicted in Fig. 1. Let X
(i=1,n) be the value of input ‘i’ while w; be its corresponding weight. Let Y be the result of the sum.
After performing the weighted sum, the device compares the value of Y with athreshold value, Y,. If
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Y > Yo, then the output is activated. The weights, w;, can be changed, so as the neuron be able to adapt
to severd input sequences, X. The output can be of the ON / OFF type or can be represented by a
nonlinear function f(Y).
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Fig. 1. The schematic diagram of a neuron-type device.
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An optical neuron is a device whoseinputs and output are optical. The wel ghts are established
aso by optical means. Usually, thelight intensity is used for encoding the information. In this case, X;
aregiven by thelight intensity , @, entering theinput ‘i’.

There are two types of optical neurons, depending on the way in which summing is
performed. The first type is the non-coherent one, in which the sum in (1a) refers to simple
summation of light intensities, @, as it isin the case of non-coherent light. The second case is the
coherent one, in which amplitudes are summed instead of intensities. This latter case creates a
dependence of the sum not only on the amplitudes of the incoming beams but also on their rdative
phase shifts. This feature creates some practical difficulties when making the device, so the former
case of non-coherent neuron is usually prefered.

An optica neuron explaits the light festures when used in information processing. The most
important are speed, the high degree of paraleism in processing and the possibility to make a great
number of interconnections between severa units. These three features are of basic importance for
(artificia) neural networks. Moreover, an optical neuron is not influenced by dectromagnetic
perturbations.

In the last part of this section, we shal briefly present some basic notions about
photoelectrets. A photodectret is a solid-state material that, if placed in an dectric fidd
simultaneously with its illumination, remains dectrically charged after the switching-off of both the
fidd and illumination. Unlike ferrod ectri cs, the dectric fidd of the photod ectret does not represent a
spontaneous polarization but it is produced by external means. The photod ectret preserves its their
dectric polarization from a period of several minutes to several days, depending on the preservetaion
conditions such as temperature, humidity, pressure, illumination. An important feature of the
photoel ectrets is the fact that their surface charge density, o, given by the dectric polarization,
depends on the charging light dose, i.e. on the product between the light intensity, @, used to charge
them and the exposure time, t [5]:

g=K*® *t @)

The constant, K, is dependent on the photoel ectret material, the material geometry as well as
on the dectric fidd used to charge the photod ectret. Rdation (2) holds only for a certain interval of
values of the product @yt [5]. Examples of materials that can be used as photodetrets are
monocrystalline sulphur, polycrystalline sulphur, polycrystaline tdluride, CdS:(Cu, Cl), sensitized
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ZnO, anthracene, akdi halides that possess colour centers, AgCl, chalcogenide glasses, etc. A
detail ed description of these materids can be found in [5].

Animportant observation is that light used for charging or discharging the photod ectret must
have a photon energy greater than or equal with a certain value (a sort of optical band gap), depending
on the material.

3. Device structure

The schematic diagram of the optical neuron device is presented in Fig. 2. The device
comprises as main parts, the block for input weghting and weights changing and the summation
dement (alens). The other d ements are the polarizers and the threshol ding d ement. The later d ement
can be an optical thyristor, as that presented in [2] or atunne diode as presented in [6]. We will not
present this dement becauseit is aready described in the literature [7]. The voltage source depicted in
Fig. 2 refersin fact to two voltage sources, as can be seen further in Fig. 3.
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Fig. 2. The schematic diagram of the optical neuron structure. Py,P, - linear polarizes, BEW -
block for establising weigths, HV - voltage source, L - convergent lens, ThE - threshold
element.

The main unit of the optical neuron is the block for fixing the we gths of theinputs. It is a
sandwich structure (Fig. 3) containing an e ectro-optic crystal, that presents the Pockds effect, and a
photodectret layer. The dectro-optic crystal and the photodectret are separated by a metalic
dectrode, the whole structure being placed between two other dectrodes. The € ectrode deposited on
the photod ectret surface is transparent, in order to alow the light for charging the photod ectret to
enter into the material. The sandwich type structureis depicted in Fig. 3, for asingleinput. The output
beams are incident on the summing lens, L, from Fig. 2. The eectro-optic crystal is used in the
transverse mode of the Pockels effect, i.e. the optic axis is perpendicular to the light propagation
direction.
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Fig. 3. Structure of the weights establishing part.
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The voltage source, HV1, is used for charging the photoelectret. The HV2 voltage source
applies a voltage across the whol e structure when neccessary. In some cases only HV 2 voltage source
can be used both for charging the photodectret and applying a constant voltage across the whole
structure.

Details on the dectro-optic crystals that present the Pockds effect can be found in
reference [8].

Here we present an estimation of some of the device parameters. The detailed computations
are presented in [9]. Let § and d; be the dectric permittivity and, respectivdy, the thickness of the
photod ectret layer, while & and dy are the same respective parameters for the dectro-optic crystal.
Let & be the surface charge density of the photodectret and V, the voltage applied to the whole
structure (by HV2 voltage source). It results that the voltage, Vy, induced across the eectro-optic
crystal is[4]:

©)

If the polarizers P; and P, are paralld, then the transmission, T, of the system is given by [8]:

T= cosz[rr Vi ] )

VIT/ 2

where V, is the hdf-wave voltage of the eectro-optic crystal in the transverse Pockels effect mode.
In the case of perpendicular polarizers, the cos” in (4) is replaced by sin. Let V% be the half-wave
voltage of the crystal when used in longitudina mode of the Pockels effect and V;, the half-wave
voltage in the transverse mode. Let |y be the length of the dectro-optic crystal. Then one can
obtain [8]:

d
Viie =V/§?)2*I—N %)
N

Let us now consider that for each channd ‘i’ we have a certain value of the surface charge
density g and thus a specific value T; of its transmission. Let @ be the light intensity applied at the
input ‘i’ of the device and @ the intensity value leaving the weighting € ement. It results that [4]:

ol
£
T = cos T+ fd (6)
2 1 gN f
£rdy
and:
D; =T, * Dy 0

The net intensity sum, @, applied to thethreshold dement is:

n n I
o} :§TA*<DA:§<DA*COSZ TN x 8
tot e i Oi Oi V(O)*dN +£Ndf ()

i=1 A2
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From (8) it is seen that, for a given crysta and geometry, @, depends on the surface charge
density values i’ of the each input as well as on the overdl voltage, Vo, applied from the external
voltage source Thus, there are two degrees of freedom for contraling the device output.

The dependence of T on g and V; is depicted in Fig. 4a, while in Fig. 4b is depicted the
dependence of T on dy and ¢;. Fig. 4c depicts the dependence of T on d;, for dy = 2 mm. For Fig. 4a
the parameters are § = 9¢o, & = 7o, In = 10 cm, ¢k = 4 pm, dy = 2 mm, V2% = 13 KV, while for

Fig. 4b the same parameters are & = ¢,
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Fig. 4a The dependence of transmittance on V, and ¢ . Fig. 4b. The dependence of transmittance on dy and o
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Fig. 4c. The dependence of transmittance on d, for dy = 2 mm.

The voltage, Vpno, induced by the photoel ectret is:

Ends
£¢dy

©)

Fig. 5 depicts the dependence of Vyne: 0N the photoelectret and € ectro-optic crysta thickness
respectively, for asurface charge density o; = 10° C/cm? and for & = 9o, & = 7&o.



934 G. Moagar-Poladian, M. Bulinski

100 i
Z g0
=
=
3 60]
-7
-
401
20]
OMMKE
2 2
d“ 6 8 1o 1 dy
f
{microns) {mm)

Fig. 5. The dependence of V,,« 0n the photoelectret and electro-optic crystal thickness.

In Fig. 6 it is represented the dependence of Ve 0n the decimal logarithm of o and on the
photoe ectret thickness, for a thickness of the nonlinear medium equal to 2 mm.
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Fig. 6. The dependence of Vi, 0N the decimal logarithm of ¢ and on the photoelectret thickness.

The energy dissipated for charging the photoel ectret is of the order of 600 pJ/um?[4].

We mention that the inputs or some of the inputs can be applied dso on the photod ectret, in
place of the beam used to charge the photod ectret. The situation is depicted in Fig. 7. Inthis case, the
input light can either charge or discharge the photod ectret, depending on its initial state (discharged,
respectively charged) and external voltage (non-zero or short-circuit). This way of functioning is
useful in some applications. Of course, a suplimentary light source is necessary for producing the
output beam. If the photodectret is initially charged, then its charging is made with another beam,
applied on the same position with the input. This caseis not, however, represented in Fig. 7.
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Fig. 7. An dternative structure of the weights establishing part.

The following features are important when using the transverse Pocke s effect for making an
optical neuron: &) the miniaturi zation of the device, the only important factor being the ratio between
thickness and length from Eqg. (5); b) the decrease of the surface charge density necessary for
contraling the device. For example, if dy =10 umand Iy = 1 mm, V,, reduces to several tens of volts.

Usually, in present day neura networks, a number of a few tens of artificial neurons are used
for designing the network. This implies that a volume of approximatdy 10 cm x 10 cm x 10 cm is
occupied by the processing unit. If the nonlinear crystal can be made as thin as 1 um, the volume
reducesto 1 cm x 1 cm x 1 cm, amost the same as a present day microprocessor (considering aso its
codler). Thus, aneural network based on artificial optica neurons seems feasible dso from the point
of view of miniaturization.

Another aspect must be discussed also. As presented in Fig. 3, the number of the device
inputs is fixed by construction. Thisis dueto the intermediate d ectrode present in the structure. If this
eectrode is discarded, then the number of inputs can be varied without the need of changing the
structure. But in this case, the situation depicted in Fig. 7 cannot be applied at al. However, there are
many applications in which the situation with a variable number of inputs is prefered against the
situation presented in Fig. 7.

4. Conclusion

We have presented an all-optica neuron based on the transverse Pockels effect. This type of
neuron alows for the miniaturization of the device, a feature that is important for practical
applications. We have presented the dependence of the device main parameters on the geometry and
material parameters. Usually, such type of device has a fixed number of inputs. By slightly changing
the structure, the number of inputs can be varied from one application to another, without changing
the device. The presented structureis versatile, afeature that opens up a wide range of applications.
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