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GB 2070 857 A 1

SPECIFICATION

Method of forming display panel substrates having
switching elements provided thereon

Various types of electro-optical display panels
have come into widespread use for a number of dif-
ferent applications, which include electronic wrist-
watches, calculators, computers, flat-screen televi-

10 sion receivers, and so on. Such display panels include
liquid crystal, electro-luminescent, electro-chromic,
plasma discharge types, etc, and their useis
expected to increase rapidly in the future. In the case
of a display panel for such applications as televi-

15 sion receivers, computer terminal equipment, etc, in
which a high degree of display density is required,
display panels of matrix type are generally used, in
order to reduce as far as possible the number of
leads which connect the display panel to other cir-

20 cuitry. Initially, the performance of such display
panels was limited, because of the occurrence of
cross-talk inteference, resulting from such factors as
capacitative coupling between various electrodes of
the matrix. However, this problem was substantially

25 solved by the adoption of display panels of matrix
type in which an individual switching element is
provided to control each of the display elements of
the matrix. Such a method, which will be referred to
herein, for convenience, as the “‘built-in switching

30 element method was first proposed by B. J. Leichner
et al (Proc. IEEE, Vol. 59, Nov. 1971, P. 1566 to 1579).
A great deal of research has been carried out upon
this method, which is especially suited to matrix-
type liquid crystal display panels. Such display
35 panels bring the advantages of low power consump-
tion, low operating voltages, compactness, etc,
which are usually associated with liquid crystal dis-
plays. However, until now no method of manufactur-
ing such display panels has been disclosed which is
40 completely satisfactory with respect to various
important requirements. These requirements
include, preferably, low cost of manufacture, ease of
manufacture, ability to use substrates consisting of a
transparent material, switching elements having a
45 suitably high level of OFF resistance and low level of
ON resistance, etc. The various conventional
methods of forming integrated circuits containing
switching elements such as thin film transistors, e.g.
evaporative deposition of semiconductor and con-
50 ductor regions, are not suited to the requirements
for providing uniform characteristics over a display
panel substrate which has a large area and a rela-
tively low density of elements. In addition, some of
the prior art methods which have been proposed for
55 manufacturing such display panel substrates have
the disadvantage that the material which must be
used as the basic substrate is expensive and/or non-
transparent. A display panel having a non-
transparent substrate is obviously not suitable for
60 display panels of transmission type or reflection
type. There have been prior art proposals to utilize a
thin film of a semiconductor such as amorphous sili-

con or polycrystalline silicon in order to form the
switching elements of such a display panel subs-
trate. However, the switching elements thus formed
display poor electrical characteristics, due basically
to the mobility of the majority carriers of the semi-
conductor being low.

There is therefore a requirement for some method
of forming the substrates of display panels of matrix
type, having built-in switching elements, which will
eliminate the various disadvantages of prior art
methods, as briefly described above. Such a method
is disclosed by the present invention.

According to the present invention, there is pro-
vided a method of manufacturing a substrate for an
electro-optical display panel, comprising the steps
of: preparing a substrate base; forming a thin film of
a semiconductor material on surface of said subs-
trate base; irradiating said semiconductor film by a
radiation beam; forming a layer of an electrically
insulating material over said semiconductor filmto
thereby provide a gate insulating layer; forming a
gate layer, comprising a layer of conducting mater-
ial, over said gate insulating layer; forming a pat-
terned insulating film over said gate layer; and form-
ing a patterned conducting film over said patterned
insulating film.

In the attached drawings:

Fig. 1 is a circuit diagram of a portion of the display
section of a display panel of the built-in switching
element type;

Fig. 2 is an overall block diagram of a display sys-
tem which includes a display panel;

Fig. 3 is a graph showing the switching charac-
teristics of a switching element produced according
to the present invention and a switching element
produced according to prior art methods;

Fig. 4, Fig. 5 and Fig. 6A and B are diagrams illus-
100 trating the various stages of forming a display panel
substrate according to the present invention, for
three examples of the method of the present inven-

tion;

Fig. 7 is a circuit diagram of a display panel which

105 utilizes switching elements formed by the method of
the present invention, such as can be produced by
the processes illustrated in Fig. 4, 5 and 6, and

Fig. 8 is an overall block diagram of a display sys-
tem which includes a display panel such as that of

110 Fig.7.

Before describing the present invention in detail,
with specific embodiments, a brief description ofthe
basic features of a display panel of the built-in
switching element type will be given. Fig. 1is a cir-

115 cuit diagram illustrating a part ofsuch a display
panel. Reference numeral 10 denotes a set of column
electrodes (i.e. vertically arranged bus lines), while
numeral 12 denotes a set of row electrodes {i.e. hori-
zontally arranged bus lines). These row and column

120 electrodes are connected to a matrix array of switch-
ing elements (a typical one of which is designated by
numeral 14) and display elements (one of which is
denoted by numeral 16). If we assume that thisis a
liquid crystal display panel, then the display element
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The drawings originally filed were informal and the print here reproduced is taken
from a later filed formal copy.
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16 comprises a conductive region (a display elec-
trode) which is elecirically #onnecisd o the column
electrode X; when ths potential of the row electrode
Y, is such that the svwiiching element 14 is in the
conduciing state, a reference electrode which is
formed on the opposing substrate to that on which
the switching elements and display electrodes are
formed, and a region of liquid crystal lying between
the display electrode and the reference electrode.
The reference electrode generally comprises a con-
ductive layer formed over the entire area of one sub-
strate, and connected to a fixed reference potential.
Drive signals are sequentially applied to each of the
row electrodes Y, Y, . . . inturn, to thereby tem-
porarily set the switching elements of each row in
the conductive state. While the switching elements
of a particular row are in the conducting state, a cor-
responding set of display data signals are applied to
the column electrodes X;, X, . . ., to thereby input
display data to the display elements. After the
switching elements return to the non-conducting
state, the potentials of the display electrodes are
held constant, due to the isolation provided by the
switching element, until the corresponding row is
again scanned by the row drive signals. In effect, the
display signal is stored in the display element, bet-
ween successive scans of the row electrodes, due to
the capacitance of each display element.

Referring now to Fig. 2, a block diagram is shown
therein of a display system which includes a display
panel of the built-in switching element type. Here,
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reference numeral 26 denotes a clock signal generating

circuit, which generates timing signals to control the
operation of a row electrode drive circuit 20 and a
column electrode drive circuit 24. Row electrode
drive circuit 20 serves to generate scanning signals
to sequentially select each of the set of row elec-
trodes 12, as described above. Column electrode 24
serves to apply display data signals to the column
electrodes 10 at appropriate timings, these display
data signals being produced in accordance with dis-
play data generated by a display data processing cir-
cuit 22. .

It is a feature of a display panel of the built-in
switching element type that, due to the isolation
provided by the switching elements, cross-talk
effects are virtually non-existent. in addition, there is
virtually no limit on the maximum number of display
elements which can be provided with such a display
panel. However, practicable manufacture of such a
display panel has not yet been achieved. This has
been due to the lack of a suitable method of man-
ufacturing substrates for such display panels, with
the necessary switching elements provided thereon.
Various methods of manufacturing such substrates
have in fact been proposed in the prior art. For
example, Lewis T. Lipton et al have proposed the use
of a monocrystalline silicon substrate as such a dis-
play panel substrate, with the switching elements
comprising field-effect transistors (FETs) formed in
the silicon. (See SID 78, Digest, P. 96, 1978). This
method can provide switching elements having
satisfactory characteristics, however the manufac-
ture of monocrystalline silicon substrates is
extremely expensive. In addition, since such a subs-
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trate is non-transparent, the number of display cell
opsrating modes vihich can be used with such a
cubstrate are severely limited.

Because of this, various methods have been prop-
osed whereby substrates can be produced which are
transparent. Such methods include, for example,
vacuum evaporative deposition of a compound
semiconductor such as CdSe (e.g. see Fang-Chen
Luo, T. P. Brody, et al, SID 78 Digest, P.94, 1978).
Another proposal has been to use a film of amorph-
ous silicon, formed by a glow-discharge dissolution -
technique (see P. G. LeComber, W. E. Spearet al,
Electronics Letters, 15, P.179, 1979). However, such
methods present problems with respect to difficul-
ties of manufacture and unsatisfactory characteris-
tics of the switching elements, so that practical real-
ization of display panels using such methods have
not been achieved. For example, grain boundary
effects are extremely important, in relation to the
characteristics of switching elements which are
formed of a polycrystalline semiconductor film pre-
pared by evaporative deposition of CdSe. For this
reason, it is desirable to be able to form a film in
which the grain diameter is uniform, over a large
area. However, it is difficult to form a film having
such properties. In addition, if the slant evaporative
deposition method of forming a thin semiconductor
film is used, it is necessary to align the substrate
upon which the deposition is to be performed in a
direction facing the evaporation source. As a result,
it is difficult to process a number of such substrates
in a single manufacturing stage. Furthermore, in the
case of a thin film of amorphous silicon which is
formed by the glow discharge dissolution process,
the distribution of the plasma is extremely impor-
tant. Because of this, only a limited number of subs-
trates can be processed during a single manufactur-
ing stage, with the latter method. For the above
reasons, it can be seen that the prior art methods
which have been proposed for forming such subs-
trates, which are based upon conventional methods
of integrated circuit manufacture, are not suitable for
practical manufacture of substrates for display
panels of the built-in switching element type, and do
not produce switching elements which are suitable
for use in such display panels. It is necessary for the’
switching elements used in such display panels to
satisfy the following criteria. The first of these
criteria is that it must be possible to form a display ~
section (i.e. an array of switching elements and dis-
play element electrodes) upon the display panel. The
second criterion is that it must be possible to provide
peripheral circuitry upon the display panel. The first
of these criteria is the minimum which must be satis-
fied in orderto construct a display panel. if only the
first criterion is met, but not the second, then itis
necessary to provide all of the peripheral circuitry

(i.e. the circuitry which supplies the row and column .

drive signals, such as circuits 20 and 24 of the exam-
ple in Fig. 2) externaliy to the display panel. Ifthe _
total number of row and column electrodes is of the
order of several hundred, then the problem of pro-
viding interconnecting leads between such external
peripheral circuitry and the display panel becomes
very severe, and a number of different integrated

*
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circuit modules or chips must be interconnected in
order to realize a display system. If, on the other
hand, at least a part of the peripheral circuitry can be
provided directly upon the display panel, then such
problems can be considerably reduced, as will be
described hereinafter. In order to achieve a practic-
able display panel of the built-in switching element
type, therefore, it is highly desirable that both of the
criteria stated above can be met.

The first of these criteria is determined by the fol-
lowing factors:

(a) It must be possible to write in or to erase display
data (i.e for one row of the display element matrix)
during a selection period (i.e. the period during
which the switching elements of that row are in the
conductive'state). For practicable durations of such a
selection period, i.e. of reasonably short duration, it
is therefore necessary that the resistance of each
switching element in the ON state (Ron) must be
sufficiently low, in order to rapidly charge or dis-
charge the capacitance of the display element.

(b) It must be possible to retain display data which
has been written into the display elements, in the
intervals between successive selection periods, i.e.
the OFF resistance (Roff) of the switching elements
must be sufficiently high.

(c) The potential which must be applied to the
switching elements to set them in the non-
conducting state (which we shall designate as Voff),
and the potential which must be applied to set them
in the conducting state must not be excessively great.

In the following, the capacitance of a display ele-
ment (i.e. the capacitance arising between a display
electrode and the opposing reference electrode) will
be designated as C,;, the stray capacitance associ-
ated with a display element as C, and the sum of
these capacitances simply as C. The frame frequency
for scanning the row and column electrodes will be
designated as F, and the number of row electrodes
as M. The switching time (i.e. the time required to
charge or discharge the display element during a
selection period), which will be designated as s, is
given by Ron x C, and the time interval during which
arow is in the selected state (i.e. the selection
period) will be designated simply ast, and must be
smaller than 1/(F x m). According to requirement (a)
above, t, must be smalier than t, resulting in the relation:
RON T/(F X M X C)urrrcrerrrrrsrnsscesssssssnssscsssersssnssnnsnsens (1)

The duration of the non-selection interval is given by:

(m—1)/(Fxm)31/F

The duration for which the display data will be
retained by the switching element is given by Roff X
C.

Thus, it can be seen that requirement (b) above
results in the relation:

ROFf > 1/(F X Cic)erreverrerccnssmmsiensaranersncsananeas eevsesesanasnens (2)

The conditions for meeting requirement (c) above
will be set in part by the type of peripheral circuit
elements used. However, these voltages should be
as low as possible.

The second criterion stated above, i.e. for provid-
ing peripheral circuitry on the display panel, is
affected by the type of peripheral circuitry which is
involved. In the case of the row drive circuit, e.g.
circuit 20 of Fig. 2, this only serves to produce suc-
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cessive scanning signals having a pulse width oft.
However, the column drive circuit, e.g. circuit 24 of
Fig. 2, is more complex, and normally performs a
serial/parallel conversion upon display data. It is
therefore necessary to ensure that the time required
for each serial/parallel conversion, i, is shorter than
the selection period ¢. If the number of column elec-
trodes is n, and the number of serial signal lines {(con-
nected to the column drive circuit to input display
data in serial form) is designated as s, then the
response speed Ron x C* of the switching elements
in the serial/parallel conversion circuit of the
column drive circuit must meet the condition:
Ron X C* <tg, X (s/n)

In addition, as stated above, the following conditions
must be met:

tpst and t<1/FXm
so that:
Ron <s/(F X m X n X C*})

In order to form the column drive circuit upon the
display panel substrate, the above conditions (1) to
(3) must be met, as a minimum.

Referring now to Fig. 3, the switching characteris-
tics of thin film transistors formed by conventional
techniques are shown. The solid-line curve 32 rep-
resents the characteristics of transistors formed using
a film of CdSe, while the broken-line cirve represents
the characteristics of transistors formed using
amorphous silicon. The transistor gate voltage is
plotted along the horizontal axis, while the impe-
dance of the switching element (i.e. between drain
and source) is plotted on the vertical axis. If we
assume a display panel for which the display section
area is 10 cm square, the number of row and column
electrodes are each 500, for which C,. is 0.2 pf, and for
which C is 1pf, and the frame frequency F is 50 Hz,
then from requirement (1) above:

Ron <4 x 10" ohms

Also, from requirement §2)_above:

Roff > 10"° ohms

Ifwe assume that C* £ 0.2 pf, and s 5 5, then from

requirement (3):

Ron <2 x 10° ohms.
In the case of a CdSe transistor, Roff is low, so that
the first condition stated above is not met. In the
case of an amorphous silicon transistor, the value of
Ron is close to the permissible limit, for values of
Von greaterthan 40 V. It is possible to vary the
switching characteristics by changing the dimen-
sions of the transistor and the gate oxide layer. itis
also possible, by varying certain parameters, to
modify the conditions (1) to (3) stated above. How-
ever, itis only with the greatest difficulty that it
would be possible to meet the first basic criterion
stated above, whereby the switching transistors are
provided on the display section substrate, and there
is no possibility of meeting the second basic crite-
rion, for providing peripheral circuitry upon the dis-
play panel substrate.

One of the reasons for the poor switching charac-
teristics of CdSe and amorphous silicon (abbreviated
hereinafterto a-Si) transistors is that the carrier
mobility in such a semiconductor film is low. This is
indicated by the way in which the characteristic
curves shown in Fig. 3 (i.e. 32 and 34) slope, in other
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words the change from the OFF state to the ON state
of such a switching element is relatively gradual. If
on the other hand the carrier mobility of the semi-
conductor is high, then there is a large change in the
impedance of the switching element for a relatively
small change in the control gate voltage Vg.

For monocrystalline silicon, for example, the car-
rier mobility is from 10° to 10? crm?/V.sec, approxi-
mately. For CdSe, on the other hand, the carrier
mobility is no more than 10 cm?/V.sec, while for a-Si,
the carrier mobility is no greater than 107 to 102
cr?/V secm approximately. It is because of this low
degree of carrier mobility that the switching charac-
teristics of thin-film CdSe or a-Si transistors are so
poor, with Ron being excessively high, and with it
being necessary to apply high values of Von and
Voff.

Another cause of these poor switching characteris-
tics is unsatisfactory control of impurity concentra-
tion. A suitably high value for the OFF resistance of a
MOS FET formed from monocrystalline silicon can
be obtained, because of the isolation which is pro-
vided by a reverse-biased PN junction. However,
with a CdSe transistor, it is not possible to provide
PN junctions within the switching element, due to
the fact that control of impurity concentration is
extremely poor for CdSe. It is possible to provide PN
junctions within an a-Si transistor. However, it is dif-
ficult to produce effective PN junctions, having a
high density of levels within the energy band gap. As
aresult, as can be seen from the low-voltage operat-
ing regions of the characteristics of Fig. 3, a finite
amount of leakage current flows between the drain
and source of such a transistor in the OFF state, so
that it is not possible to provide a suitably high value
of Roff.

The present invention comprises a method of pro-
ducing display panel substrates which is inexpen-
sive, and which provides substrates having elements
with improved characteristics, whereby the various
problems described above, which arise with display
panels of the prior art, are eliminated.

Figure 4 is a diagram of an embodiment of the
method of the present invention. In step (1) of Fig. 4,
a plate of a suitable material is denoted by numeral
50, upon which the various elements and electrodes
will be formed. For clarity of description, in the fol-
lowing description and also in the appended claims,
a member such as plate 50 will be referred to as a
“substrate base’’, while the term “’substrate” will be
used to refer to a completed assemblage upon which
switching elements and electrodes have been
formed. With the present invention, the substrate
base 50 can be made of any of a wide variety of
materials. For example, in the case of a display panel
of transmission type, the substrate base can be
made of fused quartz, or inexpensive glass, so as to
be transparent. In step (2} of Fig. 4, a thin film of a
semiconductor is formed upon substrate base 50.
Such materials as polycrystalline silicon, or
amorphous silicon, can be used as this semiconduc-
tor. If the subsequent processing stages permit, itis
preferable that control of impurity concentration be
performed within this semiconductor film. in the
present embodiment, a P-type polycrystalline silicon
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thin film is formed by chemical vapor deposition of a
mixture of SiH, and! 8.H; gases.

in step (3}, coating of an insulating film over flim
51 is performed, and then patterning is performed so
as to leave only desired regions of film 51, which wiil
subsequently become the channel regions of the
switching elements, with an insulating film 52 pro-
vided over each region. Performing this patterning
process in stage (3) serves to enhance the effective-
ness of the beam irradiation processing which will
be performed in the next step (4). In addition, desired
characteristics can be produced in particular small
regions, by forming such regions during this pattern-
ing step. Furthermore, by providing the insulating
film 52 over the channel regions prior to the beam
irradiation step (4), it is possible to closely control
the effects produced by the irradiation process,
through suitable choice of the thickness of the
insulating film 52 and of the type of irradiating beam.
For example, if an Ar laser is used to provide the
irradiating beam, and a layer of polycrystalline sili-
con 800 A thick, oxidised by means of heat treat-
ment, is used as the gate insulating film, then the
insulating film can act as an anti-reflective coating
with respect to the beam. This serves to enhance the
effectiveness of the irradiation process.

In step (4) of Fig. 4, the irradiation processing is
performed. Various types of beam sources can be
used for this irradiation, including lasers, flash
lamps, sunlight, infra-red beams, etc. It is also poss-
ible to use an electron beam for this purpose. The
irradiation can be performed either on a continuous
basis {i.e. using a CW beam source}, orcanbeon a
pulsed basis. If a CW Argon laser is used, and if the
operating conditions are set at a spot size of 100 um,
and a beam power of approximately 10 watts, then it
is possible to irradiate only regions which have been
formed by patterning, (e.g. 51 and 52 in part (2) of
Fig. 4), while other areas are not irradiated. Alterna-
tively it is possible to irradiate the entire area of the
substrate, within a short time, by employing high-
speed scanning of the beam.

In step (5), formation of a gate film 54 and a con-
necting lead film 55 is performed. in this embodi-
ment, after deposition of a conductive material such_
as a polycrystalline film formed by the CVD
method, the latter film is formed into gate regions
such as 54, and wiring regions 55, by a patterning
process. In step (6), processing is performed of reg-
ions adjacent to the gate areas, which are to form the
source and drain portions of the switching elements.
N-type regions which will form the drain 57 and
source 58 are produced by means of a self-aligning
process, which employs implantation of phosphorus
jons.

In step (7), activation is performed of the regions in
which ion implantation was carried out in step (6), *
i.e. activation of the implanted impurities. This is
done by irradiation with a beam 59, as in step (4).

Steps (6) and (7) are not absolutely essential to the
method of the present invention. However, they
serve to produce switching devices which have
superior characteristics.

Step (8) is a process in which a patterned insulat-
ing film 60 and patterned conducting films 61 and 62
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are formed. It is necessary to provide an insulating
film upon the display panel substrate in orderto
provide a base for the conducting pattern. The latter
pattern comprises a wiring pattern conducting film
61 and display electrode conducting film 62. For a
display panel of refiection type, these conducting
films can be metallic, and can consist of Al, Mo, An,
Ag, etc. In the case of a transmission type of display,
the conducting films can consist of a transparent
conductive film of In,03, SnO,, etc.

Fig. 5 and Fig. 6 show other embodiments of
methods of constructing display panel substrates
according to the presentinvention. In (1) of Fig. 5, a
substrate base 50 is indicated, which can be ofa
material such as has been discussed for the first
embodiment of Fig. 4. In step (2), a semiconductor
film 51 is formed on substrate base 50, and an
insulating film 63 is formed over this. A mask aper-
ture 64 is provided in film 63, to leave a stabilized
region of film 51. In this embodiment, semiconduc-
tor layer 51 comprises a layer of silicon, which is
formed by a plasma CVD process, with hydrogen
being contained in the silicon film. The masking
insulating film 63 is formed by deposition of SiO., by
the CVD process.

In step (3), doping with an impurity is performed in
the active region as indicated by numeral 64. In this
embodiment, doping is performed by implantation
of boron ions.

In step (4), the gate insulating film 52, gate film 54,
and connecting conductor film 55 are formed. SiO; is
used for gate insulating film 52, while Si is used to
form the gate film and the connecting conductor film
55.

In step (5), conduction types of both of the source
region 58 and the drain region 57 (i.e. regions 58, 57
which are within the active region but outside the
gate region) are controlled. The conduction types of
the regions 57 and 58 are provided by doping with
phosphorus ions 56.

In step (6), beam irradiation of the semiconductor
film is performed. In the embodiment, the second
harmonic of a Q-switched YAG laser is used as a
beam source. The semiconductor film comprises
amorphous silicon, with added hydrogen, which is
formed into a polycrystalline layer as a result of the
irradiation with the laser beam. Since the grain
boundaries within the semiconductor film are termi-
nated by dangling bonds, formed by hydrogen
atoms, the film has electrical characteristics which
are ideal for forming switching elements. In this
embodiment, the Q-switched laser beam is used to
irradiate only the activation regions, i.e. the regions
in which switching elements are formed.

In step (7), an insulating film 60 is formed, to pro-
vide insulation for the interconnecting conductors
{e.g. to provide insulation at the crossovers between
row and column electrodes). Apertures are left in
this film 60 above the drain and source regions, and
any other regions to which electrical contact must
subsequently be established.

In step (8), interconnecting conductor film 61 and
display electrode film 62 are formed. The display
electrode film 62 can comprise a metallic film, ora
layer of semiconductor material.
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In this embodiment, a layer of non-doped semi-
conductor is used to provide an insulating film bet-
ween the switching elements (i.e. film 63), and the
beam irradiation is performed only over the regions
in which switching elements are to be formed. In
these respects, therefore, this embodiment differs
somewhat from that of Fig. 4. However, basically,
these manufacturing methods are very similar.

Referring now to the embodiment of Fig. 6, step (1)
therein shows a substrate base 51, on the upper sur-
face of which are provided a plurality of regularly
arranged recessed areas. In step (2), a film of semi-
conductor (which is P-type, in this example) is
formed over substrate base 51.

In step (3), beam irradiation is performed. In this
example, irradiation is shown as being performed
only over regions in which switching elements are to
be performed, as indicated by numeral 53.

In step (4), a film of heat-resistant resist 68 is
formed over active region 66. This resist material can
comprise for example SizN,. Partial etching of reg-
jons other than the active regions is then performed.

In step (5), oxidation is performed of regions other
than the active region 66, to form an insulating oxid-
ised film 67. The heat-resistant resist film 66 is then
removed.

In step (6), deposition and patterning are per-
formed, to provide a gate insulation film 52 and a
gate electrode film 54, together with a connecting
conductor film 55.

In step (7), doping of the drain and source regions
is performed.

In step (8), beam irradiation is performed of the
regions where doping was carried out in step (7).

In step (9), after deposition of an insulating film of
material such as SiO,, to form film 60, an intercon-
necting conductor film 61 and a display electrode
film 62 are formed, to connect to the drain and
source regions (i.e. in this example, the N-type reg-
ions) of the switching element. This stage corres-
ponds to steps (7) and (8) of the embodiment of Fig.
5, and the comments made with respect to those
steps of the latter embodiment are equally applic-
able to that of Fig. 6.

it is a feature of the embodiment of Fig. 6 that a
LOCOS (local oxidisation of silicon) process is used
to provide insulation between the various elements,
and also to provide a high degree of surface flatness
in the finished substrate. Another particular feature
of this embodiment is the use of a set of regularly
spaced recessed areas in the base substrate surface,
within which the switching element regions are
formed. By using this LOCOS process, differences in
level between the various elements on the display
panel substrate are reduced. Another advantage of
using these recessed regions in the substrate base is
that the directions of the axes of crystallization in the
polycrystalline film that is formed by the irradiation
process are held within a limited range. This serves
to ensure more stable characteristics for the switch-
ing elements which are formed by this method.

Referring now to Fig. 3 once more, numeral 36
therein denotes the switching characteristics of a
switching element formed by the method of the pre-
sent invention, as described in the above embodi-
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ments. It can be seen that these are a considerable
improvement over the characteristics which can be
obtained by prior art methods, such as are indicated
by numerals 32 and 34.

Because of the improved switching characteristics
of elements formed upon a display panel substrate
according to the method of the present invention, it
becomes possible to simultaneously form all or part
of the peripheral circuitry for the display panel
directly upon the same substrate base as the display
section, 1.e. the array of display electrodes and their
switching elements. An example of this is shown in
the circuit diagram of Fig. 7 and block diagram of Fig.
8. Fig. 7 is a partial circuit diagram of a display panel,
in which numeral 28 denotes a display section, com-
prising an array of switching elements and display
elements, numeral 21 denotes a row electrode drive
circuit, and numeral 25 denotes a switching matrix
which controls the supply of display data signals to
the column electrodes of the display section 28. Row
electrode drive circuit 21 comprises a dynar ic shift
register, which utilizes stray capacitances for its
operation. Scanning signals are applied sequentially
to the row electrodes of display section 28, in
response to clock signals g, @ and g, which are sup-
plied from a clock signal generating circuit 26 shown
in Fig. 8, together with fixed potentials V, and V,,
collectively designated by numeral 74. The switching
elements in switching matrix 25, such as element 77,
are selectively rendered conducting in response to
sampling signals which are applied to a set of sampl-
ing signal input terminals 70, from sampling signal
generating circuit 76. In this way, the display data
signals, produced by display data processing circuit
23, are distributed to the column electrodes of dis-
play section 28 in a time-sharing manner.

It can be seen from this example that, by forming
at least a part of the peripheral drive circuitry for a
display panel directly upon the same substrate base
on which the display element matrix is formed,
using the method of the present invention, the
number of interconnecting leads between the dis-
play panel and external circuitry can be very sub-
stantially reduced. This makes possible the manufac-
ture of display panels having a considerably higher
density and number of display elements than has
been possible with prior art panels.

As described with the above embodiments, itis
possible to produce a liquid crystal display panel
having, for example, 400 x 400 display elements,
utilizing a substrate manufactured according to the
method of the present invention, which requires
only approximately 50 interconnecting leads bet-
ween the display panel and external circuitry. In
addition, since the drive voltage requirements are
low, such a display panel is very advantageous from
the aspect of portability. These advantages of a dis-
play panel manufactured according to the method of
the present invention are based upon the effective
use of beam irradiation.

The most important requirements for a display
panel are that the element density can be low, but
that the display area is large. This differs from the
requirements for conventional LSl integrated cir-
cuitry, where the area involved is low, but high ele-
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ment density is the principal objective. The most
imporiant points for a method of manufacturing
such display panels are:

A. A practicable type of substrate, preferably trans-
parent, must be used.

B. The display elements must be uniform in their
characteristics and free from defects, even over a
large display area.

C. The manufacturing cost should be low, even for
display panels of large area.

D. The grade of the switching element should be
high, to be utilized for the display panel.

Since stabilization of the semiconductor film by
beam irradiation is performed on a localized basis,
there are no problems with regard to the dispersion
of doping impurities, or danger of damage to the
substrate base caused by the activation process.
Thus, a wide variety of materials can be used for the
substrate base. This enables the substrate to be
made transparent, by using an easily worked mater-
ial such as quartz glass, or an even less expensive
material such as soda lime glass. If necessary, the
substrate can be coated with SiO,, MgF;, TiO,, Al,O;,
or other suitable substance.

By comparison with the beam irradiation process
of the present invention, other processes such as
heat-treatment methods provide a lower degree of
surface regularity and a higher proportion of defects,
when used to produce a display panel substrate of
large area. In addition, with such a heat-treatment
process, it is difficult to provide a uniform tempera-
ture distribution over a large area. However, with the
beam irradiation process, since scanning of the
beam can be employed, stable and uniform proces-
sing of a large area can be achieved.

In addition, irradiation by the beam of the display
panel substrate can be performed in a non-
continuous manner, i.e. the beam can be made to
irradiate only those portions of the substrate in
which switching elements are to be formed. This
enables the time required for processing a substrate
to be reduced, which is very advantageous for the
manufacture of display panel substrates having a
large area and a low density of elements. In the case
of the prior art heat-treatment processes, the time
required to process a substrate is determined
entirely by the total area to be processed, irrespec-
tive of whether the element density is high or low,
i.e. itis necessary to process areas where this is
required and also those areas where processing is
not actually necessary.

The switching characteristics of switching ele-
ments produced by the method of the present inven-
tion are almost identical to those which can be
obtained by using monocrystalline semiconductor
material, and these switching elements are ideally
suited for use on display panel substrates.

From the above description, it can be understood
that the method of the present invention for man-
ufacturing display panel substrates provides impor- _
tant advantages over prior art methods, with respect
to the characteristics of switching elements pro-
duced thereby, stability, cost, etc.

Substrates produced according to the method of
the present invention are particularly advantageous
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for use with devices which employ the electro-
optical effects of liguid crystal, and are applicable to
liquid crystal display devices employing various
operating modes, including the twisted nematic
mode, guest-host mode, dynamic scattering mode,
phase-change mode, birefringence mode, etc. In
addition, since the method of the present invention
enables a transparent substrate to be used, the dis-
play panel can be of transmission type or reflection
type. Substrates produced according to the method
of the present invention are also applicable to
electro-chromism and electro-luminescent types of
display panel.

The present invention enables substrates to be
produced which are of very high quality and can be
of virtually any since. The present invention is there-
fore applicable to the production of high-precision
display panels for use in electronic wristwatches, for
example. The method of the present invention is
also highly applicable to the manufacture of display
panels for flat-type television receivers, computer
terminal displays, etc.

From the preceding description, it will be apparent
that the objectives set forth for the present invention
are effectively attained. Since various changes and
modifications to the above construction may be
made without departing from the spirit and scope of
the present invention, it is intended that all matter
contained in the above description or shown in the
accompanying drawings shall be interpreted as illus-
trative, and not in a limiting sense. The appended
claims are intended to cover ali of the generic and
specific features of the invention described herein.
CLAIMS

1. A method of manufacturing a substrate for an
electro-optical display panel, comprising the steps
of:
preparing a substrate base;
forming a thin film of a semiconductor material on
surface of said substrate base;
irradiating said semiconductor film by a radiation
beam;
forming a layer of an electrically insulating material
over said semiconductor film to thereby provide a
gate insulating layer;
forming a gate layer, comprising a layer of conduct-
ing material, over said gate insulating layer;
forming a patterned insulating film over said gate
layer; and
forming a patterned conducting film over said pat-
terned insulating film.

2. A method of manufacturing a substrate
according to claim 1, wherein said substrate baseis
formed of glass.

3. A method of manufacturing a substrate
according to claim 1, wherein said substrate base is
formed of fused quartz.

4. Amethod of manufacturing a subsirate
according to claim 1, wherein said semiconductor
film comprises polycrystalline silicon.

5. A method of manufacturing a substrate
according to claim 1, wherein said semiconductor
film comprises a thin film of silicon containing hyd-
rogen.

8. Amethod of manufacturing a substrate
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according to claim 1, wherein said semiconductor
thin film comprises a film of amorphous silicon.

7. Amethod of manufaciuring a substrate accord-
ing to claim 1, wherein patierning of said semicon-
ductor thin film is performed prior to said step of
irradiating said semiconductor thin film.

8. A method of manufaciuring a substrate
according to claim 1, wherein said irradiation of said
semiconductor thin film is performed in a non-
continuous manner, and is limited to a plurality of
predetermined regions of said semiconductor thin
film.

9. A method of manufacturing a substrate
according to claim 1, wherein said step of forming a
gate insulating layer is performed prior to said step
of irradiating with a radiation beam.

10. A method of manufacturing a substrate
according to claim 1, wherein said thin film ofa
semiconductor material is doped with impurities
when formed over said substrate base.

11. A method of manufacturing a substrate
according to claim 1, wherein both said step of form-
ing a gate layer and said step of forming said gate
insulating layer are performed prior to said step of
irradiation.

12. A method of manufacturing a substrate
according to claim 1, wherein impurities are added
to at least a portion of a regions adjacent to said gate
insulating layer prior to said step of irradiating the
semiconductor film to form semiconductor regions
of different majority carrier type to that of a region of
said semiconductor film lying below said gaie
insulating layer.

13. A method of manufacturing a substrate
according to claim 1, wherein said radiation beam
comprises a laser beam.

14. A method of manufacturing a substrate
according to claim 1, wherein said radiation beam
comprises a continuous wave type oflaser beam.

15. A method of manufacturing a substrate
according to claim 1, wherein said radiation beam
comprises a pulse type of laser beam.

16. A method of manufacturing a substrate
according to claim 1, wherein said radiation beam
comprises an electron beam.

17. A method of manufacturing a substrate
according to claim 1, wherein said radiation beam is
produced by a flash lamp.

18. A method of manufacturing a substrate
according to claim 1, wherein said radiation beam
comptrises an infra-red light beam.

19. A method of manufacturing a substrate
according to claim 1, and further comprising a step
of forming a passivation layer, following said step
of forming a patterned conducting film over said pat-
terned insulating film.

20. A method of manufacturing a substraie
according to claim 1, wherein said electro-optical
display panel utilizes the electro-optical properties of
liguid crystal.

21. Amethod of manufacturing a substraie
according to claim 1, wherein said electro-optical
display panel utilizes the property of electro-
chromism.

22. A method of manufacturing a substrate sub-
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stantially as shown and described with reference to
the accompanying drawings.
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