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(57) Abstract

N

Method for comparison between a first optical signal (®,) and at least one other signal. The invention can for in-
stance be used for image recognition. In this application it is a problem to be able to perform parallel processing of the
content of an image. This problem among others is solved in connection with the invention by illuminating a MIS-struc-
ture (11; Fig. 1) with the first optical signal (®,), which creates an optically induced change in the surface potential of the
MIS-structure and by influencing the surface potential also by said at least one other signal by illuminating the MIS-struc-
ture (11; Fig. 1) with a second optical signal (®,) or by applying the signal in the form of a voltage across the structure or
by providing the structure with charge in the insulator or its interfaces or by a combination of these methods and by vary-

ing at least one of all signals as a function of time.
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A method for comparison between a first optical signal and at

Least one other signal

1. INTRODUCTION

The present invention relates to a method for comparison between

a first optical signal and at least ‘one other signal.

The predominant technique today for processing optical information
in the form of imaées js to process the content of the image point
by point. One often uses an image sensor of the charge transfer de—
vice type, from which the image information is fed out point by
point and stored in a memory. The content of this memory is then
processed bit by bit against information stored in an operator
memory. In this way operations of the type correlation, deriva=
tion etc in order to recognize images or different kinds of trans-
formations of matrices for bandwidth-limitation of the content of
the images is performed. As this method means a serial processing
of a very large amount of information the image processing becomes

time consumingand it demands a very high computer capacity.

During the last years there have been a great international activity
in order to create methods performing parallel processing of the
content of an image. This means that all image points are processed
simultaneously, which gives tremendous benefits in calculation time.
One has then mostly used the possibility for Fourier-transformation,
which the nature offers when coherent light is used. Such methods
demand a very high mechanical stability in the optical system, that

is used for processing the image.

The invention that will be described here, has at least four advan-
tages compared with previous solutions for processing images:

(i) It is based on a very simple sensor structure

(ii) It can perform parallel processing

(i1i) It uses incoherent Llight

(iv) An image can be processed with optical signals, electric sig-

nals or a combination of these. The operator signals can
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ejther be addressed to discrete image points or operate

parallelly over the image or pa;ts"Bf it.

The mentioned advantages is achieved by giving the invention the

5 désign that is evident from the following claims.

In the following the invention will be further described with refe-
rence to the attached drawings, in which
Fig 1 shows a cross—section of the MIS-structure
10 Fig 2 shows the energy band model for a structure according to
- Fig 1 illuminated by chopped light
Fig 3 shows the structure in Fig 1 and 2 connected to a measuring
instrument
Fig &4 shows an oscilloscope picture from a device according to
15 Fig 1-3
Fig 5 shows the structure illuminated both with chopped light and
constant Llight
Fig 6 shows experimental data of the electric signal U as a func-
tion of an applied outer potential V0 during illumination
20 with a chopped Light source with the intensity @1
Fig 7 shows experimental data of how the electric signal U from
the MIS-structure can be controlled by another Llight source
with constant intensity @2
Fig 8 shows experimental data of the electric signal U as a func-
25 tion of the chopped Llight source with the intensity @1,'with
the intensity @2 from the constant light source as a para-
meter ] *
Fig @ shows a slice, in the form of a MIS-structure according to

Fig 1 seen from the side on which the conductor 3 is applied,

30 illuminated in one point by chopped Light with the intensity
@1 and in another point by constant light with the intensity
22

Fig 10 shows the electric signal U as a function of the displacement
of the light spot with the intensity @2 in Fig 9
35 Fig 11 shows how different image points in an opto-electric processor
can be addressed
Fig 12 shows how an image point in a colour sensitive optical pro~

cessor can be designed.
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2. BASIC STRUCTURE

The device comprises (Fig 1) a MIS-structure consisting of a semi-
conductor 1 with a thin insulator layer 2, on which a thin elect-
trically conducting layer 3 is applied. The energy band model for
such a structure is shown in Fig 2. The component in Fig 2 is
jlluminated by chopped Light from a chopper 10 and it is connected
to an electric measuring instrument &4 in order to measure the cur-
rent or the voltage as is shown in Fig 3. The MIS-structure is in-
dicated with 11. In the example reported here chopped light is

thus used, which is easy to implement and makes the result easy to
interpet. It must however by emphasized that it means no difference
in principle if the intensity of the optical radiation varies as a
function of time in another way or in the cases with several signals,
that are mentioned below, if one of them varies as a function of time
in such a way. The light in the present example, which has an in-
tensity ¢1 and a photoenergy greater than the band gap of the semi-
conductor, gives rise to optically generated electrons and holes
within the semiconductor. A condition for the good functioning of
the component is that the energy band.of the semiconductor bend at
the surface. This can be controlled by introducing surface charges
or by choosing the electrically conducting layer 3 in a suitably way:
If the energy bands of the semiconductor are bent‘before the illumi-
nation in such a way that is shown in Fig 2, the electrons 5 crea-
ted by the light will be accumulated in the energy well that exist
in the semiconductor near its interface with the insulator. The
holes 6, that are created during the -illumination, will drift into
the bulk of the semiconductor and further out into an outer circuit
through the metal contact 7 that is found on the backside of the
component. A displacement of charge is thereby created, which can
be measured as a current or a voltage with the instrument 4 in the
outer circuit. This displacement of charge will continue until the
bending of the energy band of the semiconductor near the insulator
Layer stops due to the neutralisation of charge that has been crea-
ted by the illumination after a certain time. The lengt of this
time is determined by the total.RC-constant of the circuit shown in

Fig 3. If the RC-constant is long compared with the chopping fre-
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quency, one gets such a signal in the outer circuit as is shown in

Fig 4, which is an oscilloscope pictu}e of the electric signal U(t)

from a device according to Fig 1-3. The amplitude of the signal

U{t) in Fig 4 is dependent upon the intensity @1 and also upon the

size ¥ of the bending of the energy band in Fig 2. For a certain

intensity @1 the amplitude of the signal U(t) in Fig 4 can therefore .
be varied by changing the surface potential 4 in Fig 2. This change )
can be attained in two ways: By applying an outer voltage from a

voltage source 12 between the contacts 3 and 7 or by illuminating ;
the MIS~structure with an additional light source with constant

light intensity @2 (Fig 5.

Fig 6 shows experimental data of the electric signal U as a func-
tion of an applied outer voltage V0 during illumination with a
chopped light source having the intensity @1. The essential in-
formation from Fig 6 is that the signal U achieved by illuminating

the MIS-structure with the chopped intensity @1 can be controlled
by the voltage Vo. )

Fig 7 shows experimental data of how the electric signal U from the
MIS-structure can be controlled by an additional Llight source with
constant (non-chopped) intensity @2. The extra light source gives
rise to a reduction of the surface potential ¥ (Fig 2), which re-
duces U. In Fig 7 one can see that for @2 <10 and @2 220U = f(@z)
is a nearly hyperbolic function. The knee in the curve, that is
found at @2 < 15 depends upon energy states in the interface between
the insulator and the semiconductor and has no qualitative effect

on the function of the component. Such energy states can be affec—
ted by a thorough control of the manufacturing procedure during the

application of the isulator layer on the semiconductor. .

That the signal U is also a function of the chopped intensity ¢1 is

shown in Fig 8, which represents experimental data of U = f(®1) with

@2 as a parameter.

We have now shown with theoretical arguments and experimental data

how the optically induced electric signal from a MIS-structure can
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be controlled by another optical signgl se It is therefore

possible to write

We shall now see how these characteristics of the above described

MIS-structure can be used for processing optical information.

3. OPTICAL-OPTICAL PROCESSOR

Fig 9 shows a slice in the form of a MIS-structure according to

Fig 1 seen from the side, on which the conductor 3 is applied. We
imagine a system of co-ordinates (x, y) in the plane of the slice
and illuminate the slice in two different points, with the chopped
intensity @1 and also with the constant intensity @2. The time-
dependent outsignal U is then only determined by ¢1 as o, does not
influence the surface potential ¥ in the point that is illuminated
with 040 If, however, the Light spot with the intensity %, is
moved in X-direction towards @1, the signal U will be influenced

by éz as soon as the two light spots start to coincide. An experi-
ment verifying this is shown in Fig 10, in which the signal U is
measured as a function of the displacement of the Llight spot with
the intensity_é2 in Fig 9. The two light spots coincide completely

when X = 6.0, which is the point in which U has a minimum.

Now it is easy to generalize this reasoning so that it is vaLjd for
two images described by the functions @1(x, y) and @2(x, y). If

the image @1(x, y) is chopped in the same way as previously the

Light spot 4, One will get a charge displacement in every point

(x, y) in the surface of the MIS-structure which will add up to a
signal U in the outer circuit. We saw previously (Fig 7 and 8)

that U is approximately reciprocally proportional to 25 and approxi-=
mately proportional to @1. For two images the signal is an expression

of the type

@1(x, y)
u -Sﬁ dx dy

1+ éz(x, y)
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This signal has a minimum when ¢1 and‘tb2 are identical and coincide.
The above-mentioned device can therefore be used for image recogni-
tion. The dependence of the signal U on @1 and @2, as it is descri-
bed in Fig 7 and 8, can be varied by a suitable doping of the semi-
conductor and by introducing suitable energy states between the in-

sulator 2 and the semiconductor 1.

In order to improve the lateral resolution during the correlation

of two images one can see to that the energy well for electrons or .
holes, that exists at the interface between the insulator and the
semiconductor is limited in lateral direction. The surface is then
provided with a large number of such laterally Limited energy wells,
each of which constituting an image point. This prevents the electrons
and holes at the surface to spread out over a larger area, which
increases the lateral resolution. Another way to improve the re-=
solution is to limit the mobility of the charge carriers in the

energy well. A lateral Llimitation of the energy wells and a reduc-
tion of the mobility is achieved by introducing surface charge,
selecting in a suitable way the doping or the material in the con-
ductor 3.

If any of @1,and @2 is choosen as an image, the other Llight signal
can be choosen as a point shaped light source and be scanned in a
raster pattern over the image. This makes it possible to have a
serial reading of an image in the same way as in a television
camera. By time differentiating the so created signa( the image
content can be differentiated in an arbitrary direction along the
surface of the slice. By time integrating the signal in a corre-
sponding way it is possible to carry out a line integrétion in the

image. It is further possible to matrix multiply two images with

72

each other by designing the MIS-structure in a suitable way.
4, OPTICAL-ELECTRIC PROCESSOR
By using the characteristic of the MIS-structure, described in

connection with Fig 6, namely that the signal U can be controlled

by an outer voltage Vo' it is possible to make a processor, having
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electric operator signals. The conductor 3 in Fig 1 is then de-

way that is evident from Fig 11. Each such conducting square 8 is
addressed by x- and y=-conductors via a MOS-transistor 9, inte-
grated in the semiconductor slice. With this structure it is
possible to operate on an image with optical signals in the way
described in section 3 and also with electric signals sothat parts

of an image can be selected with the possibilities of addressing

described in Fig 11.

There is also other possibilities of electric processing. One

" example is to cross pairs of interconnected conductors, which

pairs are insulated from all other pairs. 1In the crossing point
between such pairs an area is created in which the surface
potential ¥ can be influenced. Such a crossing po{nt can consti-
tute an image point and can be addressed by applying a potential

to the crossing conductor pairs.

The colour information can be read from an image by scanning in a

raster pattern according to section 3 if each image point is

formed by several conducting layers 3 on top of the insulator 2,

which_[ayers are insulated from each other (see Fig 12).

Each part of the image point is in addition to thé conducting
material also provided with an optical band-pass filter with a
typical passwavelength for each part of the image point. Each
part of the image point is then modulated by an electric alterna-
ting voltage signal Vo with a characteristic frequency fr' fg, fb
etc for each part of the image point. The colour information in
an image is obtained by band~pass filtering the electric outsignal

U at the frequencies fr, fg, fb etc.
5. PERMANENT PROGRAMMING

By introducing over the surface of the MIS-structure a varying sur-
face charge, the surface potential ¥ will vary over the surface al-

ready before it is illuminated. This means a possibility to pro-
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possibilities to introduce such a varyinénsurface potential. One
possibility is to make the MIS-structure as a so called FAMOS-
structure, which means that a floating gate, a conducting material,
is included in the insulator layer at the manufacture. The proces-
sor can then be programmed by applying a voltage over the FAMOS-
structure at the same time as it is illuminated with an image
containing the pattern with which one wishes to program the proces-
sor. The parts of the surface of the processor that are illuminated .
will then be charged, which will change the surface potential ¥

there.

Another possibility is to use the presence of movable charges in

the insulator layer. By applying a voltage across the MIS-struc-
ture, raising its temperature to about 200° C and at the same time
illuminate it with the desired operator image the movable charges,
that are present in the insulator will be displaced more in bright-
ly illuminated areas than in faintly illuminated areas. This gives
rise to a varying surface potential ¥ (x, y), which is a copy of the

operator image.

A further possibility is to use semiconductor Llithographic methods
in combination with ion implantation. The operator image is then
established in the lithographic process and an ion implanted pattern
is achieved which gives a varying charge in the insulator-semicon-

ductor interface.

A further possibility is to repopulate surface states and other
states inside the oxide with different types of radiation: optical,

X-ray and particle radiation. s
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Claims:

1. A method for comparison between a first optical signal (@1)
and at least one other signal characterized in that
a MIS-structure (11; Fig 1) is illuminated with the first optical
signat (@1) which creates an optically induced change in the sur-
face potential of the MIS-structure and in that the surface poten—
tial is also influenced by said at least one other signal and in

that at Least one of all signals varies as a function of time.

2. A method according to claim1, characterized in

that the first optical signal (@1) is chopped.

3. A method according to claim1or2, character.ize d
in that one of said at Least one other signal is an optical signal

(@2), Wwith which the MIS-structure is illuminated.

4. A method according to claim3, characterized in
that both optical signals (@1, @2) are two-dimensional and variable

over their extent, that is they constitute images.

5. A method according to claim4, characterized in
that the interface between the insulator and the semiconductor is

provided with laterally limited energy wells.

6. A method according to claim4 or 5, characterized
in that the mobility of the charge carriers is limited in the semi-

conductor near the interface with the insulator.

7. A method according to claim3, characterized in
that one optical signal is point shaped and is scanned in a raster

pattern over the other optical signal, which is two-dimensional.

8. A method according to claim1or2, characterized
in that one of said at least one other signal is applied to the

MIS-structure in the form of a voltage across the structure.
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9. A method according to claim8, characterized in

that the conducting layer (3) is designed as a pattern of squares

‘over the insulator (2) and in that each such conducting square (8)

is addressed by x=- and y~conductors via a MOS-transistor (9,

integrated in the semiconductor slice.

10. A method according to claim8, characterized in
that each image point is formed by the crossing point between a
pair of interconnected electric conductors, insulated from the -
other conductor pairs and in that the image point is addressed by

applying a potential to the relevant conductor pairs.

11. A method according to claim Qor 10, characterized
in that there are several conducting layers on the insulator, which
layers are insulated from each other and in that only one layer is
influenced in each image point because of the presence of optical

band-pass filters and in that the electric outsignal is band-pass

filtered so that the optical signal in each pass~band, that is the

colour, can be separated.

12. A method according to claim1or2, characterized
in that one of said at least one other signal is applied to the
MIS-structure by providing the structure with charge in the insula-

tor or its interfaces.

13. A method according to claim12, characterized in
that the MIS-structure is a FAMOS-structure which is provided with
charge by applying a voltage across the structure at the same time

as it is illuminated with a two—-dimensional optical signal.

14. A method according to claim 12, characterized in
that the MIS-structure is provided with charge by applying a vel=
tage across the structure at the same time as it is illuminated
with a two-dimensional optical signal and its temperature is rai-

sed to approximately 200° c.

a7
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15. A method according to claim 12, characterized in
that the charge is obtained by means.of jon implantation.
16. A method according to claim 12, characterized in

5 that the charge is obtained by a repopulation of interface states
and energy states within the oxide as a result of the structure

being exposed to radiation, for example optical, X-ray or particle

radiation.
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