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57 ABSTRACT 
The invention relates to a process for the production of 
a substrate for an electrically controlled device such as 
a display screen, said substrate integrating non-linear 
elements and control elements of the elementary display 
points. The invention relates to the production of a 
substrate, in its active part, has non-linear elements 
associated with each image element and produced from 
amorphous silicon and, in its peripheral part, polycrys 
talline silicon controlled elements. Initially the substrate 
has amorphous silicon layers, the peripheral crystalliza 
tion being obtained by annealing in a temperature gradi 
ent furnace. 

8 Claims, 6 Drawing Sheets 
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PROCESS FOR THE PRODUCTION OFA 
SUBSTRATE FOR AN ELECTRICALLY 

CONTROLLED DEVICE AND DISPLAY SCREEN 
PRODUCED FROM SUCH ASUBSTRATE 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to a process for the 

production of a substrate incorporating semiconductor 
devices and in particular those permitting a double 
control system of a flat liquid crystal screen in which 
the addressing of each elementary point is realized by 
non-linear amorphous silicon elements and the control 
of the rows and columns is provided by thin polycrys 
talline silicon film transistors integrated on to the same 
substrate around the active part of the screen. At least 
two types of device are used on the same basic material, 
namely amorphous silicon obtained by the thermal de 
composition of silane. The selective crystallization on 
the periphery of the active part is carried out by anneal 
ing in a furnace having a temperature gradient. 

2. Description of the Prior Art 
The addressing of matrix access display screens can 

be carried out in different ways. This addressing can be 
carried out by transistors deposited in thin film form on 
e.g. a glass substrate, each transistor being associated in 
series with an electrooptical material image element. 
These transistors are preferably produced from amor 
phous silicon permitting a better homogeneity of the 
characteristics on large surfaces. The disadvantage of 
this addressing is due to the difficulty of finely control 
ling the properties of the different films constituting the 
thin film transistors. Thus, these transistors are formed 
from several films of materials such as amorphous sili 
con, insulants, etc. and it is difficult to obtain good 
insulants and good interfaces between the different films 
by low temperature processes. These production diffi 
culties increase with the number of transistors to be 
implanted and particularly when the number of transis 
tors is equal to the number of image elements of the 
screen. 

Thin amorphous silicon film transistors are also not 
satisfactory for the integrated control of row and col 
umn electrodes, due to their low admissible direct cur 
rent, which imposes matrix control by circuits outside 
the screen. 
An integration of this control on the basis of thin film 

transistors produced on polycrystalline layers obtained 
by laser annealing of amorphous silicon has been the 
subject of tests. On the basis of this method, it is possible 
to obtain a display screen, whose image elements are 
controlled by amorphous silicon transistors and the 
rows and columns by polycrystalline silicon transistors. 
However, although the transistors obtained by laser 
annealing have very good performance characteristics, 
it is difficult to produce them in large numbers with a 
good reproducibility. It is therefore necessary for the 
thermal method used to provide an excellent crystalliza 
tion uniformity. It is also known to control the image 
elements by non-linear elements of the varistor type. 
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2 
SUMMARY OF THE INVENTION 

In order to obviate these disadvantages, the invention 
proposes a substrate permitting the production of a 
screen, whose double control function is entirely inte 
grated into said substrate, on the basis of an amorphous 
silicon material obtained by the thermal decomposition 
of silane. On the basis of this material, non-linear ele 
ments or amorphous silicon transistors are produced in 
series with the image elements and thin film transistors 
are produced on the periphery of the screen on the 
polycrystalline silicon obtained by annealing the amor 
phous silicon in a temperature gradient furnace. 
The invention therefore relates to a process for the 

production of a substrate for an electrically controlled 
device, said substrate being formed from a support 
which supports active amorphous silicon elements and 
active polycrystalline silicon elements, from the same 
basic material constituted by amorphous silicon, 
wherein the process involves the crystallization of pre 
determined areas of the basic material carried out in a 
furnace, whose temperature gradient has an abrupt 
profile permitting the rapid passage of said crystallized 
areas to the remainder of the basic material maintained 
in the amorphous state. 
The invention also relates to a matrix access display 

screen incorporating an electro-optical material layer 
inserted between a transparent layer and a substrate 
incorporating active elements associated with the image 
elements of the screen and active elements for the con 
trol of the row and column connections of the display 
screen, the substrate being obtained according to the 
production process described hereinbefore. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is described in greater detail hereinaf 
ter relative to a non-limitative embodiment and the 
attached drawings, wherein show: 
FIG. 1 diagrammatically an image element of a ma 

trix access display screen. 
FIGS. 2 and 3 electrical diagrams. 
FIG. 4 an explanatory graph. 
FIG. 5 a Schottky diode structure. 
FIG. 6 an apparatus making it possible to produce 

amorphous silicon deposits. 
FIGS. 7 and 8 views of a substrate incorporating 

silicon layers. 
FIG. 9a temperature gradient furnace. 
FIG. 10 a sectional view of a post-hydrogenation 

apparatus. 
FIG. 11 a part sectional view of a substrate for a 

display screen. 
FIGS. 12 and 13 views of a matrix access display 

scree. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The matrix access display screens are constituted by 
an electrooptical material, such as a liquid crystal layer, 
between two sets of crossed electrodes representing the 
rows and columns of the display screen. The intersec 
tion of a row and a column defines an image element or 
point of the screen. 
FIG. 1 diagrammatically shows an image element of 

a display screen. The intersection of a column 1 and a 
row 2 defines the image element represented by a unit 
cell 3 symbolized by a capacitor, whose dielectric 5 is 
the electrooptical material. The unit cell 3 is associated 
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with a non-linear element 4. A potential difference ap 
plied between column 1 and row 2 may or may not 
control the unit cell 3, as a function of the threshold 
voltage of the non-linear element. 
The non-linear element can be produced by the serie 

s-opposition association of two diodes D1 and D2. 
There are two possible arrangements for this dioides, as 
is shown by the electrical diagrams of FIGS. 2 and 3. 
FIG. 4 is a graph, whose curve 6 gives the path of the 
current I passing through non-linear element, as a func 
tion of the potential difference VAB applied to its termi 
nals, i.e. between A and B. It can be seen that curve 6 is 
very non-linear. It is advantageous to use amorphous 
silicon Schottky diodes, which have highly non-linear 
inverse characteristics. 

FIG. 5 illustrates an amorphous silicon Schottky 
diodestructure. Typically, this type of diode is obtained 
by the deposition on a support 10 of a first amorphous 
silicon layer 11 having a type nt doping, a second 
undoped amorphous silicon layer 12 and a surface layer 
13 formed from a metal which forms the Schottky junic 
tion with the underlying layer. Conventionally, the 
metal is platinum, but the choice can be extended to 
metals having identical properties, such as pallidium or 
gold, In order to ensure a good metal-semiconductor 
contact, the metal layer 13 can undergo a treatment, so 
as to form a platinum silicide interface. 
A description will now be given of the process for 

producing a matrix access display screen. As a non 
limitative example, it is a nematic liquid crystal screen. 
The support can be made from any material compatible 
with the temperature reached during the deposition of 
layers and which are typically approximately 600 C. In 
particular, it can be a quartz polycrystalline or crystal 
line silicon, or can be based on certain glasses able to 
withstand high temperatures. 
Three successive amorphous silicon layers, which are 

respectively undoped, in doped and undoped are de 
posited on the support. The deposition method used can 
be a gaseous phase method under atmospheric pressure 
and at 600 C., or a chemical vapour deposition (CVD) 
method. It consists of a thermal decomposition of silane 
SiH4, which is the silicon source. The carrier gas used is 
hydrogen. A type n doping is carried out by introducing 
dilute phosphine PH3 into the hydrogen. 
Although the deposition method is known, it is well 

worth briefly describing an apparatus which permits 
this deposition and which is shown in FIG. 6. The latter 
diagrammatically shows a reactor incorporating a verti 
cal reaction chamber and constituted by the following 
members: 

a circular graphite susceptor 20 covered with silicon 
carbide resting on a quartz pedestal (not shown in 
the drawing), the susceptor-pedestal assembly 
performing a rotary movement which can be typi 
cally set between 0 and 30 revolutions per minute; 

a coil incorporating a helical choke 21, located in a 
plane parallel to susceptor 20 and inductively cou 
pled therewith, the choke being connected to a 
high frequency generator 25 operating at 400 kHz 
and with a power level of 25 kW; 

a quartz skirt 22 insulating the choke from the reac 
tion chamber; 

a quartz bell-shaped member 23, resting on a quartz 
base 25, the assembly defining the volume of the 
reaction chamber; 

an injector 26 located in the centre of the susceptor 
permitting the introduction of the gases G to be 
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4. 
decomposed into the reaction chamber, the gases 
being discharged from the bottom of the reactor 
through orifices 27. 

The gaseous flow rates are measured in a conven 
tional manner with the aid of ball flowmeter tubes pro 
vided with stainless steel blower valves. On susceptor 
20 are shown with reference numeral 28 devices in the 
course of production, i.e. devices incorporating at least 
one support on which are deposited one or more layers 
according to the process of the invention. Ball-shaped 
member 23 can also be provided with observation win 
dows making it possible to measure the temperature 
reached by devices 28 using infrared measuring devices. 
All these arrangements are known to the worker in the 
art. The injected gas G consists of hydrogen at atmo 
spheric pressure, whose typical flow rate is approxi 
mately 32 liters/minute and a mixture of other gases, 
whose nature is dependent on the layer to be produced. 
The layer growth rate is approximately 1.5 mi 
crometers/hour. 
FIG. 7 is a view of a substrate with the different 

silicon layers. From bottom to top, it is possible to see a 
square or rectangular support layer 30 covered with 
three amorphous silicon layers, namely an undoped 
layer 31, a n doped layer 32 and an undoped or very 
weakly doped layer 33. For example, the doping of 
layer 32 corresponds to a ratio 

PH -3 
SH = 10 

representing a conductivity of approximately 
0.12 cm-l. The thickness of the deposited layers can 
vary between 1000 and a few thousand Angstrons. 
The different layers can also be deposited by a low 

pressure chemical vapour deposition or LPCVD 
method. In this case, the deposits are made under a 
pressure of approximately 500 millitorrs and with a 
temperature of approximately 565 C. 

In order that the substrate can have polycrystalline 
silicon transistors, the invention provides for the crys 
tallization of the peripheral part of the previously de 
posited layers. This recrystallization is carried out in a 
furnace, whose temperature gradient has an abrupt 
profile permitting the rapid conversion of the crystal 
lized areas while the remainder of the basic material is 
kept in the amorphous state. The annealing time and the 
temperature are controlled so as to crystallize at least up 
to the second deposited layer, which is n doped. Crys 
tallization takes place systematically by nucleation of 
the crystallites at the support layer-silicon interface, 
followed by a crystalline growth. At a temperature of 
approximately 600 C., an approximately 1 micrometer 
thick layer is entirely crystallized in a few hours. For a 
temperature equal to or below 570 C., the crystalliza 
tion is not initiated during this period. This is due to the 
high dependence of the nucleation and crystallization 
speeds with the temperature. For these temperatures, 
the phosphorus diffusion coefficient is low and this 
treatment causes no problems of doping undoped lay 
es. 

FIG. 8 is a view of the substrate with its silicon layers 
following the crystallization stage. The same references 
as in FIG. 7 designate the same elements. Crystalliza 
tion has taken place on those parts located to the left of 
axis AA" and to the right of axis BB. The polycrytsal 
line silicon areas 34 and 35 are shown by hatched lines. 
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It can be seen that at least the first two layers have been 
affected by the crystallization. 

FIG. 9 is a sectional view of the temperature gradient 
furnace used during the crystallization stage. The sub 
strate incorporating its silicon layers is represented by 
the device 60 placed on a support 61 integral with a 
shaft 62. An e.g. quartz enclosure 63 insulates device 60. 
Enclosure 63 has openings 64, 65, and supports two 
groups of heating turns or coils 66, 67. The group of 
coils 67 is placed to the left of the aforementioned axis 
AA', and the group of coils 66 is placed to the right of 
axis BB'. Openings 64 and 65 are used for placing the 
enclosure 63 under vacuum or under an argon atmo 
sphere. The heating induced by coils 66, 67 brings about 
the crystallization of the areas of device 60 placed in the 
centre of said coils. The distance separating the coils 
from device 60 is adjusted so as to aid an abrupt profile 
in the distribution of the temperature to which it is 
raised. The temperature of the areas located to the left 
of axis AA’ and to the right of axis BB" is maintained 
such that it permits crystallization. However, This ten 
perature is not so high that the volume of the substrate 
between axes AA and BB' is converted from the amor 
phous to the crystalline state. This leads to a device 
having crystallized areas along two of its sides. In order 
to crystallize the areas located along the two other 
sides, it is merely necessary by means of shaft 62 to 
rotate the device by 90'. 
The amorphous silicon samples obtained by CVD at 

600 C. have an important broken bond density. The 
electronic states corresponding to a broken bond are 
deep in the forbidden band and makes the material se 
miinsulating. By heat treatment in an atomic hydrogan 
environment, it is possible to chemically passivate the 
broken bonds by the formation of Si-H bonds. This 
post-hydrogenation is performed at a temperature of 
approximately 400 C. in a plasma of hydrogen gener 
ated by microwaves. 

FIG. 10 is a sectional view of an apparatus used in 
preferred manner for this phase of the process consist 
ing of the heat treatment of the device in an atmosphere 
containing atomic hydrogen. A cylindrical quartz body 
40 within which is placed in the device 53 to be treated 
has an inlet 41 making it possible to introduce molecular 
hydrogen and an outlet 42 firstly used for producing the 
vacuum and then for ensuring a very limited circulation 
of the gases during the treatment. A central cavity 43, 
located in the axis of the cylindrical body, makes it 
possible to measure the temperature of the device with 
the aid of a thermocouple 44 without any sealing prob 
lems. Cavity resonators 45, 46 excited by a microwave 
generator 47 convert the molecular hydrogen into 
atomic hydrogen by ionization. A typical value of the 
power absorbed by each cavity resonator is 50 W and 
the operating frequency, corresponding e.g. to one of 
the frequencies standardized by the regulations in force 
in France, is 2.45 GHz. The unused consumed power 
appearing in its calorific form is removed by nitrogen 
circulation through the cavity resonators. A nitrogen 
source 48 is connected by pipes 49 to inlets 50 placed in 
the cavity resonators 45, 46. Outlets 51 on the cavity 
resonators and diametrically opposite to inlets 50 enable 
the nitrogen to escape to the outside. 
Approximately 30 non-contiguous turns or coils 52 

are wound on to the quartz cylinder and are distributed 
over a length of approximately 15 cm. By radiation and 
convection, they ensure the temperature rise of the 
device 53. Device 53 to be treated is outside the ionized 
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6 
regions positioned within cavity resonators 45, 46. 
Therefore, the gaseous mixture circulating in the vicin 
ity of the substrate contains no ions or electrons able to 
produce etching by bombardment of the substrate. Ac 
cording to another important feature of this type of 
apparatus, two atomic hydrogen sources obtained by 
cavity resonators 45 and 46 are positioned on either side 
of the substrate being treated. This arrangement leads to 
a more homogeneous distribution of the atomic hydro 
gen in contact with the substrate. 
At the end of this operation, materials post 

hydrogenated on the surface and in the thickness are 
obtained, in accordance with a profile depending on the 
duration and the temperature of the operation. 
The following stage consists of etching the peripheral 

areas of the device, so as to produce at these locations 
matrix screen control transistors. Etching can be carried 
out chemically or by plasma. In order to produce a 
transistor of the MOSFET type, it is possible to use the 
layer no for forming the source and drain ohmic 
contacts by conventional photolithography methods. 
An oxide (SiO2) or a nitride (Si3N4) deposited at low 
temperature by electroluminescent discharge makes it 
possible to complete the transistor. The source and 
drain contacts are produced by etching the oxide or 
nitride insulating layer and by aluminum vaporization 
deposition. The gate contact can be deposited by the 
same method. 

FIG, 11 is a part sectional view of a substrate for a 
display screen having two elements ensuring the matrix 
control, namely a non-linear element produced by plac 
ing two Schottky diodes in series opposition and a row 
or column control MOSFET. It is possible to see sup 
port 30 covered on one side of axis AA" with three 
amorphous silicon layers 31, 32 and 33, layer 32 being 
nt doped whilst on the other side of axis AA' there is 
an undoped polycrystalline silicon layer 310 and nt 
doped polycrystalline silicon areas 320. The insulating 
layer covering layers 310 and 320 carries reference 
numeral 70. Contacts 71, 72 and 73 are respectively the 
source, gate and drain contacts. Platinum contacts studs 
74, 75 are deposited on layer 33 in order to obtain 
Schottky diodes. The dotted line 76 defines a non-linear 
element constituted by the series-opposition arrange 
ment of two diodes. Thus, contact studs 74, 75 form the 
two non-linear element terminals. 

FIG, 12 is a sectional view of a matrix access screen 
according to the invention and FIG. 13 is a plan view of 
the same screen along axis XX'. 

In FIG. 12 it is possible to see a substrate 80 formed 
from a support layer and silicon layers covering the 
same and which integrate the non-linear elements. This 
drawing does not show the peripheral areas of the sub 
strate having the control transistors. As stated hereinbe 
fore contact studs 74, 75 form the terminals of the non 
linear elements. A second layer 81 is positioned in front 
of support 80 at a distance of about a dozen micrometers 
and defined by not shown shins. The space between 
layer 81 and substrate 80 is occupied by an electroopti 
cal material 82, e.g. a liquid crystal having a nematic 
phase. For example, layer 81 supports the row connec 
tions of the matrix system. These connections are con 
stituted by conductive, transparent strips 83, e.g. made 
from a mixed tin-indium oxide. The non-linear ele 
ments 76 are arranged in columns in the manner shown 
in FIG. 13, Column connections constituted by thin 
conductive strips 84 make it possible to have access to 
the non-linear elements of the same column by the over 
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lapping of contact studs 74. Second contact studs 75 of 
the non-linear elements are in contact with electrodes 
85. Each electrode 85 defines, by the contour of its 
surface which is approximately 1 mm, an image ele 
ment. The row connections 83 are roughly of the same 5 
width as electrodes 85 and face the latter. 
A control voltage supplied to an image element by 

means of MOS transistors integrated into the periphery 
of the substrate is consequently applied to the series 
dipole constituted by a non-linear element and a unit 10 
cell of liquid crystal in the manner described relative to 
FIG. 1. Due to the very limited length of the column 
connection 84, account has not been taken of the elec 
trooptical effect which could occur between connec 
tions 83 and 84. Connections 84 can also be covered 15 
with an insulating layer. A the reading of the screen 
takes place by reflection, it is necessary for layer 81 to 
be transparent, in the same way as conductors 83. Elec 
trodes 85 are reflecting and are e.g. made from alumin 
ium. The deposition of the various conductors 83, 84 20 
and 85 causes no particular problem. The connections 
between the MOS transistors of the periphery of the 
screen and the row and column connections on the one 
hand and the circuits outside the screen on the other are 
brought about by a conventional connection procedure. 25 

In order to use the screen in transmission, it is merely 
necessary to remove by chemical etching the amor 
phous silicon layers located between the non-linear 
elements. 

In an embodiment, the active elements associated 30 
with the image elements could be thin film transistors, 
as for the active control elements. They can be pro 
duced from a single peripherally crystallized, undoped, 
amorphous silicon layer. A transistor is produced by 
depositing aluminium studs on the silicon layer, in order 35 
to form the drain and the source covered with an insu 
lating layer and this is finally followed by the gate stud. 
The present invention combines the advantages of 

integrated addressing based on amorphous silicon di 
odes, which is easily obtained without any critical over- 40 
lap problems, and an integrated control based on poly 
crystalline thin film transistors supplying the necessary 
conditions for the control of the matrix screen. 
The invention is not limited to the production of a 

substrate for a display screen. For example, it can be 45 
used for producing integrated circuits requiring sub 
strates incorporating amorphous silicon elements bor 
dering the polycrystalline silicon elements. 
What is claimed is: 
1. A process for producing a silicon substrate useful 50 

for the incorporation therein of transistors and diodes 
comprising the steps of positioning an amorphous sili 

55 

65 

con substrate in a furnace which has a non-uniform 
temperature distribution such that edge regions of the 
substrate are in a zone at a temperature high enough to 
convert the amorphous silicon to the polycrystalline 
form while the interior regions of the substrate are in a 
zone at a temperature insufficiently high to crystallize 
the amorphous silicon, and removing the substrate from 
the furnace after desired edge regions of the substrate 
have been crystallized. 

2. The process of claim 1 followed by the forming of 
thin-film transistors in the polycrystalline edge regions 
of the substrate and of nonlinear diodes in the amor 
phous interior region. 

3. The process of claim 1 in which the amorphous 
silicon substrate comprises in succession a relatively 
lightly doped first layer, a relatively heavily draped 
second layer, and a relatively lightly doped third layer, 
each formed by the thermal decomposition of silane. 

4. The process of claim 3 in which the amorphouse 
silicon substrate had earlier been exposed to a hydrogen 
plasma for post-hydrogenation of the amorphous silicon 
formed by the thermal decomposition of silane. 

5. A process for making a matrix access display 
screen having image elements at intersections of row 
and column access electrodes including forming a sub 
strate in accordance with claim 1, forming in the amor 
phous regions a plurality of oppositedly poled diode 
pairs and in the polycrystalline regions a plurality of 
thin filrm transistors, incorporating the transistors into 
circuitry with the row and column electrodes of the 
display screen and incorporating the diode pairs in se 
ries with electrooptical image elements of the display 
screen. 

6. A display screen of the matrix access type incorporat 
ing an electro-optical material layer inserted between a 
transparent layer and a silicon substrate comprising 

first active elements in a region of the silicon substrate 
consisting of amorphous silicon, said first active ele 
ments being in series with the image elements of the 
display screen, and 

second active elements in a region of the silicon substrate 
that were initially amorphous but were transformed by 
annealing to polycrystalline silicon, said second active 
elements being used to address the matrix access 
display screen, 

7. The display screen of claim 6 in which the region of 
the silicon substrate transformed to polycrystalline silicon is 
situated in the periphery of the substrate. 

8. The display screen of claim 7 in which the first active 
elements consist of oppositely pole diodes pairs and the 
second active elements consist of thin film transistors. 
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