.

The invention relates to a method for the production of nonlinear control
elements for a flat display screen, in particular for a liquid crystal
display screen, and a flat screen produced by this method.

The general field of the inyention is that of large-area thin-film
electronics. The application addressed by the present invention is the

integrated control of each elementary point of a liquid crystal screen.

As is known, these screens generally possess a large number of square or
rectangular elementary points or picture eiements. These picture
elements can be individually addressed. The definition of the screen is
governed by the number of points capable of receiving a signal. Each
point is controlled by application of an'electrical.field. For display-
ing visual information, matrix type displays have been propoSed. In
this case each picture element is defined by the intersection of two

mutually perpendicular systems of conductors called lines and columns.

There is no need for'the addressing of é pictube element by means of
control voltages applied to the corresponding line and column to be sus-
tained if a time-division multiplexing technique is adopted enabling the
state of the screen to be recurrently-renewéd. This technique is based
on a persistence effect which may be physiological or available within
the screen element. In the case of liquid crystal display devices, a

picture element can be likened to a capacitor whose time constant is

sufficient to sustain the charge bgtween two.successive transitory
addressings. '

-In the present invention, a nonlinear resistance, which is practically

insulating below a voltage threshold, and which becomes more and more
conductive'beyond that threshold, is placed in series with the picture

element.

Such a nonlinear element may be made of varistor material as described in

French Patent'Application No. 8116217 filed on 25th August 1981 in the

Applicant's name, and published under No. 2512240.
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At present, the demands of the'industry in relation to display screens

are concenprated on improving picture definition. In_the case of matrix
type screens, this means designing devices with a large number of address
lines or columns. Their number may be as high as 512 or even 1024.
There is a corresponding increasé in the switching elements, and hence in
the number of varistors. For series manufacture, it is necessary in
particular to obtain good reprodpcibility and high stability for these !
components. It ié ai;o necessary - likewise with good reproducibility -
to adapt ﬁhe electrical capacity of the component to that of thé
associated cell. Materials currently used, such as conglomerates of

zinc oxide powder, containing particles of bismuth oxide and manganese
oxide or other similar material, do not entirely satisfy these require-
ments.. The reproducibility énd stability of the varistors depend on,
among other things, the size of grain and the techniques used in produc- -
tion for passivating the graih boundaries. The stray capacity of the
varistor, which is also associated with the grain boundaries, is difficult

to control.

Other éwitching elements may be used. Nevertheless, liquid crystal dis-
play screens generally have defects of consistency of contrast as between
picture elements, due to dispersion in the characteristics of the switch-
ing elements which may be considerable, and which is difficult to elimin-
ate over large areas. These defects may also, to a lesser extent,

originate from the thickness of the liquid crystal film, and from its

'bonding layer,:_

With a view to remedying these drawbacks, there are known devices in

. which the nonlinear elements are transistors with thin films principally

based on amorphous siliton or polycrystalline silicon. Howe&er, this
type of technology presents some.problems'which have to be solved in order
to obtain addressing of high quality:

1) better control of the characteristics which depend on the properties

of two films (silicon and insulating material) and their interface;

2) a technology of self-alignment is necessary for improved reproducibil-

ity over a large area.
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In other solutions the nonlinear elements are dipolar elements such as
the structure based on two diodes in series and in opposition.

These diodes are semiconductive dibdes'all possessing the same operatidg
point in the voltage-current characteristic. French Patent Application
No. 8314542 filed on 13th September 1983 by the Applicant and published

under No. 2551902 describes such devices, in particular in the form of
Schottky diodes. . '

However, the implementation of this solution generally necessitates at

- least four masking levels.

\_/e Present invention relates to a method allowing the number of maskings

to be reduced to two, and not requiring high precision in [the production
of ] the masks. ' '

The invention, then, relates to a method for the production of nonlinear
control elements for an electrooptical display screen comprising an
electrooptical material placed between a first and second plate, compris-

ing the following successive phases performed on the second plate (1):.

a) a first phase of deposition of a layer of an amorphous n" doped semi-
conducting material;

b) a second phase of dep051t10n of a layer of an amorphous non-doped semi-
conductlng material;

\‘{ a third phase of deposition of a layer of a metallic material,
characterized in that it comprises, after these phases, the follow1ng

further successive phases:
d) a fourth phase of masking the control elements to be produced;

e) a fifth phase of etching the three precedlng unmasked layers so as to

pr‘oducn mesa structures,
f) a sixth phase of deposition of a layer of an insulating material;

g) a seventh phase of etching the parts of the layer of insulating

- material located on the surface of the layer of metallic material;

h) an eighth phase of deposition of a layer of a conductive material;




i) a ninth phase of etching on the one hand the layer of conductive
material so as to define display screen electrodes and control conductors

such that the electrodes are coupled with ‘the control conductors by the -

control elements thus produced, and on the other hand the layer of metal--

lic material so as to constitute two metallic control element grids on

.each control element.

The invention also relates to a flat electrooptical display screen com-
prising first and second barallel plates enclosing'an'electrooptical
material, each plate being provided on its face in contact with the
electrooptical material with electrodes and control conductors, the
electrodes and control conductors of the second plate being'coupled with
one another by nonlinear control elements produced in accordance with the
method, and each comprising two diodes in series and in opposition, itself
comprising a layer of amorphous n* doped semiconductor, a 1ayer'of amorph-
'ous.non-doped semiconductor and a metallic layer, characterized in that
each control element makes it possible to couple one control conductor
with first and second electrodes by two superimposed layers of amorphous
n* doped semiconductor and amorphous non-doped semiéonductor, on which a
first métallic element connected with the control conductor, a second
metallic element connected with ﬁhe first electrode E1 and a third metal-

lic element connected with the'second_electrode E2 are deposited.

The various purposes and features of the invention will be detailed in
the descrlptlon which follows, which is given by way of example, with

reference to the accompanylng draw1ngs, in which:

Figures 1 to 9 show one- embodiment of the'mephod according to the inven-

tion;

' Figure 10 is a perspectivé view of a control element produced by the .

method according to the invention;

Figure 11 shows a general view of a control matrix produced in accordance

with the invention;

Figure 12 shows a sectional view of the control matrix in Figure 11.

An embodiment of the method according %o the invention will now be de- -

S




scribed by way of example, with reference to Figures 1 to 9,

In a first phase of the method, a layerlz of amorphous n" doped silicon’
is deposited on a flat substrate 1 made of a material which is insulating.
and transparent, such as a glass plate. This can be deposited either by
plasma-assisted deposition (glow-discharge in Anglo-American terminology)
at a temperature of about 250 degrees Celsius; or by vapour phase epitaxy -
(CVD or chemical vapour deposition) at about 600 degrees Celsius; or,
again, by vapour phase epitaxy at reduced pressure (LPCVD or low pressure
chemical vapour deposition) at about 550 degrees Celsius. The thickness
of the layer 2 which is formed should be between 30 and 100 nm. This

yields a structure as shown in Figure 1.

In a second phase, a layer of amorphous non-doped silicon 3 is deposited.
The method of deposition used may be one of the three methods referred to
above. In the case of deposition by epitaxy (CVD or LPCVD)}, it7is ad-
visable to provide for post-hydrogenation to passivate hanging-bond de-

fects, that is to say, to fill in broken bonds.

The thickness of the layer of amorphous non-doped silicon 3 should be be-

tween 200 and 600 nm. The part obtained appears as shown in Figure 2.

In a third phase, depositiom of a'layer of metal 4 such as platinum;
molybdenum or palladlum is effected by cathodic evaporatlon in a vacuum.

The thlckness of this metallic. layer should be ‘a few hundreds of angstram.

In a fourth phase,'a mesa stmucture is made by phetolithegraphy in the
three layers 2, 3 and 4 deposited as described above. This is done, as
shown in Figure 4, by masking the region corresponding to the mesa
.structure'desired by means of a mask M1. The layers 2, 3 and 4 are then
etched by dry {(plasma) or chemical etchlng in the non-masked reg1on

This ylelds a structure as deplcted in Flgure 5.

"In a fifth phase, depositiom of a layer of a negative photosensitive resin
5 is effected, such as a layer of pho;oéensitive polyimide possessing the

property of dissolving, on the non-insulated regions, in development after

insolation.
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In a sixth phase, the layer of resin 5 is insolated through the substrate
1 by means_df a light source (not shown), as indicated by the arrows in
Figure 6. The metal of the layer 4 acts as a screen for the resin on

the metallic layer 4 and acts as a photoetching mask. This resin is

- therefore not insolated, and is dissolved after developing. = This yields ;

a part as shown in Figure 7.

In a seventh phase, the léyer of insulating material is cured to solidify
it. The curing temperature depends on the exact nature of the insulat-

. ing material, as is known in the art.

L% In an eighth phase (Figure 8), a layer 7 of a conductive material is de-
R - posited; this may be a transparent material where the control element is ;
used in a display screen functioning by transmission. Thus, a layer of
203, SnOZ)
may be deposited. Such a layer should have a thickness of 10 to 200 nm.

~mixed tin and indium oxide (ITO) or an equivalent material (In

In a ninth phase, as depicted in Figure 9, surfaces of the layer 7 of
conductive material are masked with masks M2 and M3, and the layer 7 is
etched.

The masks M2 and M3 are positioned so as to allow the etch to cut the
layer 7 into two parts. It also enables the metallic layer 4 to be
etched likewise to yield two distinct metallic regions 41 and 42

‘separated by a free space 40.

Thée masks M1 and M2 are shaped so that electrodes E and control conductors
C.are formed on the surface of the substrate 1, as shown in Figure 10.

In this figure,'it;can be seen that a control conductor C is cohpled with
an electrode E by ah element produced as above and successively compris-
ing a metallic layer 41, a layer of amorphous. non-doped silicon 3, a layer
of amorphous n* doped silicon 2, another layer of amorﬁhous non-doped
silicon 3, and a metaliic layer 42. A control element thus defined con-

stitutes two Schottky diodes mounted in series and in opposition.

The method of carrying out the invention described above enables an

~assembly of electrodes E, control conductors C and control elements
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coupllng each electrode E with a control conductor C to be produced -Col=-
lectively on a plate of substrate.

In Figure 11, a control conductor C enables two electrodes E1 and E2 to
be controlled by a control element whose structure has been split in re-
lation to the structure in Figure 10. The electrode E1 is coupled with

the conductor C by two diodes mounted in series and in opposition between _

the metallic layers 41 and 42. The electrode E2 is coupled with the

conductor C by a structure symmetrical to the preceding one.

Figure 12 represents a liquid crystal cell having two parallel plates L1
and L2 enclosing a liquid crystal LC. The plate L1 carries electrodes
E3. The piate L2 carrieé é-conductor C coupled with two electrodes E1
and E2 by an element constituted by two dlodes mounted in series and in

opp051tlon between the metallic layers 41 ‘and 44.

According to a variant of the method according to the invention, the
third and fourth phases whereby mesa structures are formed in the layers
2, 3 and 4 may be performed differently. They may be replaced by the
following successive operations: resin [coating],.masking, metallic de-
position, and removal of the metal by removal of the resin. This pro-
cedure allows the use of metals whosé direct etching is difficult, with
the metal, after etching, acting as etching mésk for the mesa structure

of silicon layers.

According to another variant of the method according-to the invention in

5 or 313N4

is deposited. In this case, in the sixth phase, an anisotropic plasma

the fifth phase, an inorganic insulating material such as SiO

etch of the RIE type is performed'(RIE: reactive ion etching in Anglo-

American terminology), which leaves the insulating material on the

flanks of the mesa structure only.

It will be seen that the method- accordlng to the 1nvent10n involves only

two masking operatlons, each requlrlrg only low prec151on. This method

1is therefore suitable for the production of redundant structures and in

particular for a structure of the type described in relation to Figures
11 and 12,

- l :
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CLAIMS

1. Method for the production of nonlinear control elements for an
electrooptical display screen comprising an electrooptical material placed
between a first and a second plate, comprising the following successive

phases performed on the second plate (1):

a) a first phase of deposition of a layer of an amorphous n* doped semi-

conducting material (2);

b) a second phase of deposition of a layer of an amorbhous non-doped semi-

conducting material (3);
c) a third phase of deposition of a layer of a metallic material (4); |

characterized in that it comprises, after these phases, the following

further successive phases:

d) a fourth phase of masking the control elements to be produced;

' e) a fifth phase of etching the three preceding non-masked layers so as

to produce mesa structures;
f) a sixth phase of deposition of a layer of an insulating material (5);

g) a seventh phase of etching parts of the layeb of insulating material

located on the surface of the layer of metallic material (4);
h) an eighth phase of deposition of a layer (7) of a conductive material;

i) a ninth phase of étching on the one hand the layer df conductive
material (7) so as to define display screen electrodes {E) and control
conductors (C) such that the electrodes are coupled with the control con-
ductors by the control elements thus-produced, and on the other hand the
layer of metallic material (4) So as to constitute two metallic control -
element grids on each control element. . .

2. Method of production according to Claim 1, in which at least the .
second plate (1)'is transparent, characteriiéd'in that the layer of
insulating material (5) is a negative resin and the seventh phase of pro-
cessing this layer of insulating material principally consists in insula-
tion* by a light beam directed through the said second plate (1) in such

a manner that the insulating material located on the surface of the layer

e
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of metallic material (4) is not insulated [51c] and only this materlal is
removed by washing of the layer of 1nsulat1ng materlal

3. Method according to Claim 1,.characterized in that the material (5)
deposited in the course of the sixth phase is an inorganic insulating
material, and in the course of the seventh phase this material is removed,
except on the flanks of the mesa structures, by an anisotropic plasma =~
etch.

4, A flat electrooptical display screen comprising first and second !
parallel plates (L1, L2) enclosing an electrooptical material, each plate
being provided on its face in contact with the electrooptical material
with electrodes and control conductors, the electrodes (E1 and E2) and the
control conductors (C) of the second plate being coupled with one another
by nonlinear control elements produced in accordance with the method in
Claims 1 to 3, and each comprising two diodes in series and-in opposition
itself comprising a layer of amorphous n* doped semiconductor (2}, a

layer of amorphous non-doped semiconductor (3) and a metallic layer (4),
characterized in that each control element makes it possible to couple one
control conductor (C) with first and second electrodes (E1, E2) by two
superimposed layers of amorphous n" doped semiconductor (2) and amorphous
non-doped semiconductor (3) on which a first metallic element (41) con-
nected with the control conductor (C), a second metallic element (42) con-
necfed w1th the first electrode (E1), and a third metallic element (&44)

connected with the second electrode (EZ) are deposited.

N




