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~“THIN FILM TRANSISTOR ARRAY, METHOD OF PRODUCING THE

SAME, AND DISPLAY PANEL USING THE SAME

BACKGROUND OF THE INVENTION

(D Field of the Invention

The present invention relates to a thin film transistor (TFT) array, in
which a plurality of TFTs is arranged in a matrix, for use in flat display
panels such as liquid crystal d1splay panels and electroluminescent (EL)
display panels. More specifically, the present invention relates to an

improvement for simplifying a method of producing the sam_é.

(2) Description of the Prior Art

Among display panels, active matrix display panels, in which thin ﬁlm
tr;ansistors (TFTs) utilizing émorphous silicon, polycrystalline silicon, or
the like serve as switching elements fox_* controlling the pixels, rather than
simple matrix display panels, have become wide-spre’a&.

An exémpie of a TFT array is shown in Fig. 14. On an insulating
substrate, thin film transistors (TFTs) 71 are arranged in a matrix.
Source signal lines 75, each connecte_d to source regions of the TFTs 71 of a
given column, supply source signals from a driver circuit (not shown in
figure) to the TFTs 71. Gate signal Hnes 76, each connected to gate
electrodes of the TFTs 71 of a given row, supply gate signals from a driver
circuit (not shown in figure) to the TFTs 71. Pixel electrodes 72 are
connected to the drain regions of the TFTs 71.

On the surface of the TFT array for a liquid crystal display panel, an
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orientation film for controlling the initial orientation of liquid crystal
molecules is formed. The liquid crystal display panel is such that the TFT
array and a counter substrate provided with a coﬁnter electrode on a

surface thereof are arranged to face one another with a liquid crystal layer

~ sandwiched therebetween. Liquid crystal display panels can be broadly

classified into three categories: the transmissive-type, which utilizes light
ﬁom a back light for display, the reflective-type, which reflects inéident
light and utilizes this 1ighf fbi' display, and the transflective-type, which is
provided with the functions of both the transmissive-type and the
reflective-type. " As is shown in' Fig. 15, in a .slo-ca]led IPS (in-plane

switching) type liquid crystal display panel, pixel electrodés 72 and counter

" electrodes (common electrodes) 70 are comb-shapéd and are disposed on a

TFT array 1.
In electroluminescent (EL) display panels, a light-emitting layer and a _

counter electrode are disposed so as to be stacked on pixel electrodes of a

- TFT array.
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25

Conventionally, a TFT array has been produced in, for example, the

following manner.

As shown in Fig. 16a, an undercoat layer 53 composed of silicon oxide
is formed over a surface of a substrate 52 composed of glass, and
subsequéntly, a semiconductor material film 54 composed of silicon is
formed and processed into individual sections to form each TFT by carrying
out etching using a mask 55a having a _speciﬁed shape.

As is shown 1n Fig. 16b, an insulating layer 56 composed of sili_con

oxide is then formed over the substrate 52 having the semiconductor



“

10

15

25

‘material film 54 formed thereon, and a conductive layer 57 is formed. By

carrying out etching using a mask 55b having a specified pattern, the
conductive layer 57 is processed into gate signal lines (not shown in the
ﬁgl;re) and a plurality (not shown) of gate electrodes 58. As shown m Fig.
16c, a p-type or n-type impurity is added to the semiconductor material

film 54 using the gate electrodes 58 as a mask to form a plurality (not

' shown) of channel regions (active layers) 54a, source regions 54b, and drain

| regions 54c¢ in the semiconductor material film 54.

After an insulating layer 59 is formed so as to cover that formed over
the surface 6f the substr_ate 52, as shown in Fig. 16d, contact holes 60 are
formed sb as to pass through the portions of the iﬁsulating layers 56 and 59
that are directly above the source regions 54b and the drain regions 54c
using a mask (not shown in the figure) Having a specified pattern, and a
conductive layer 61 is formed oﬁei' the surface of the substrate 52.

The conductive layer 61 is processed using a mask 55c¢ having a
specified pattern, and as shown in Fig. 16e, a plurality (not shown) of
source signal lines 62 connected to the source regions 54b, and a plurality
(not shown) of contact 1ayers'63 connected to the drain regions 54c are
formed. These contact layers are used as the pixel electrbdes in TFT
arrays in which it is suitable that the pixel electrodes be opaque, such as in
reﬂéctive-type liquid crystal display panels. The contact layers are also
used for the pixel electrodes intendéd for reflective display in an array for a
transflective-type Liquid crystal display panel. |

In an array that calls for transparent pixel electrodes, an insulating

layer 64 is formed over the surface of" the substrate 52 as shown in Fig. 16f.
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As is shown in Fig. 16g, a plurality (not shown) of contact holes 65 exposed

to the contact layers 63 are formed in the insulating layer 64, and after a

conductive film 66 composed of a transparent conductive material such as
indium tin oxide (ITO) is formed, tI;e conductive film 66 is; processed, as is
shown in Fig. 16h, into a plurality (not shown) of pixel electrodes 67 by -
carrying out etching using a mask 55d having a speciﬁed pattern.

After the pixel electrodes are formed in the manner described above, a
passivation layer composed of silicon nitride, for example, is formed over
the surface of the substrate 52, and a top-gate TFT array.is thus obtained.

In the case of a bpttom-gate TFT array, after the gate signal lines and
the gate electrodes are formed, a semiconductor material film, separat_ed by
an insulating layer, is formed. Thus, yet another mask is needed for the
addition of impuriﬁ_es.

As is described above, in the production of a conventional TFT.array,
it is necessary that a mask h_av'ing a specific pattern be employed for the
addition of impurities and the hke 1n the processing of a semiconductor
mafer_ial film, the forming of gate electrodes and gate mgnal lines, the
forming of contact holes, the forming of source signal lines, and the forming
of .pixel electrodes, respectiizeiy. In other words, in the production of a
TFT array, about 5 to 8 masks have gen‘efaily been used.

Thus, there is a need fof. a reduction in the number of masks and a

_ simpiiﬁcation of the steps.

In Japanese Unexamined Patent Publication No. 62-502361, a
production method for a diode array is, for example, proposed that makes it

possible to reduce the number of photomasks employed to two. However,
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as is, the technique cannot be applied to a production method for a TFT

array. Moreover, diodes are inherently inferior to TFTs in terms of-

characteristics for h1gh speed dnvmg

Itisan obJect of the present mventmn to solve the problems descnbed

“hereinbefore and to provide a simple process for producing a TFT array.

' SUMMARY OF THE INVENTION
According to the present invention, by imparting conductivity to
specified regions of a Semitmnductor material film formed over a substrate,
the semiconductor material film, in addition to being prog:e_ssed‘ in_to
channel portions (active layers), .source portions, and drain porﬁons of
TFTs, 1s processed into conductive elements containing pixel electrodes
connected to the drain portions. The pixel electrodes are integré]ly formed

with the drain portions.

Fundamentally, the semiconductor material film comprises an

- intrinsic. semiconductor without impurities, in other words a so-called

i-type semiconductor. In the regions to be processed into conductive

‘elements of the semiconductor material film, a specified element that is an

element different from that which the semiconductor material film
comprises is added to serve as a p-type .or h-type impurity for imparting
conductivity. The added impurity provides carriers that contribute to the
electrical conductivity of the layer. Thus, the regions to which the
impurity has been added show a high c.onductivi_ty In other words, it is |
possible to process specified regions of the semiconductor material film into.

conductive elements. The regions of the semiconductor material film to
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which impurities have not been added function as the channel portion of
each TFT.

In adding the impuritieé, .a known technique may be employed such aé
thermal d.iﬂ':usion, laser doping, plasma doping, ion injéction, or the hke |
For example, by thermal diffusion in which conductive elemehts such as

already formed source signal lines or the like sexve as the source of the

impurity, one of its constituent elements can be diffused into the

semiconductor material film.

The channel portions may contain impurities at a low concentration of
approximately 1012 atoms/cm2. When impurities are diffused into thé
channel portions to a low éoncentration, leak current between the source
portions and the drain portions is small.

A semiconductor material film is processed into a shape corresponding
to that of the elements 1':0 be formed before or after conductivity is imparted
thereto. Alternatively, it is possible to form each of the elements of th_e
TFTs without processing the lshape of the sexﬁiconductor material film
formed over the substrate. Because of the fact that regions of the

semiconductor material film to which_ impurities have not been added do

‘not show conductivity when not under the presence of an electric field,

these regions also function as insulating elements as a result of their
relative position with respect to conductive elements such as electrodes.
Therefore, the semiconductor material film, in addition to beiﬂg processéd
into channel portions and conductive élements', can be processed into
insulating elements. The regions for the pixel electrodes to which

conductivity has been imparted are separated from one another by regions
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directly above or below signal lines, conductivity having not been imparted

to these regions. The width of the regions directly ab(_)ve or directly below

the signal lines is set to be larger than the width of the signal lines
themselves so as to secure offset regions, a.nd thereby, insulation‘ of the

pixel electrodes from one another is ensured.

When oxide semiconductors such as zinc oxide (ZnO), zinc.-magnesium
oxide (MGxZn1-O), zinc-cadmium oxide (CdxZn1~0), cadmium oxide (CdO),
or the like are employed for the _seniiconductor material ilm, a'transparent
conducti-ve element, for example a transparent pixel electrode, is obtained.
It is also possible to use a semiconductor material film composed of silicon.

As the impurity for imparting contiuctivity to the semiconductor
material film, group III elements (B, Al, Ga, In, and Ti) for a p-type
impurity or group V elements (N, P, As, Sb, and Bi) for an n-type impurity
may be employed. For the conductive elementé, i'egions having a high

impurity concentration, for example having an impurity concentration of

- approximately 107 atoms/cm2, are formed.

 Conventionally, a semiconductor material film is processed .into
semiconductor layers each having a channel region, a source region, and a
drain region, extraction electrodes are formed so as to be connected to the
source regions and the drain regions, respectively, and source signal lines
and pixel electrodes are formed so as to be connected to the extraction -
electrodes, respectively. . In other words, the semiconductor 'layers of the
TFTs and the pixel electrodes'are coinposed of different materials and are’
forméd by different processes.

On the other hand, according to the present invention, the
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semiconductor layers of the TFTs and the pixel electr'o'des are composed of
substantially the same material and are integrally formed in the same step..
Forming the semiconductor layers and the pixel electrodes. by processing
each With-the same mask. greaﬁy simplifies the forﬁlation process. Iﬁ
addition, the chanﬁel portions and the source signal lines are connected by
single conductive elements (the source portions) that cqmprise the same
semiconductor material as the channel portions. The need to form
extraction electrodes and contact holes is thus eliminated-.. In other words,
according to the present invention, the number of films formed and the

number of masks employed in the pattering of the film is significantly.

~ reduced.

When the integrally formed seﬁconductor layers and pixel electrodes
are composed of a transparent, oxide semiconductor, a high numerical
aperture for the pixels is obtained. Thus, accbrding. to the piesent
invention, the production process is .simpliﬁed, and a display deﬁce_ is
obtained that is capable of realiziﬁg an even brightér display.

. When it is necessary that the pixel electrodes be light reflective,. the
semiconductor materiai film may be processed into a shape cofresponding
to the channel' portions, soﬁrée portions, and drain portions, and the
electrodes for reflection may be formed at, for exainple, the same time that
the source s1gna1 lines. are formed. The reflective electrodes may be
composed of a metal that has a low electrical resistance and that is light
reflective, such as aluminum and its a]ldys.

In a - TFT array of a so-called transflective-type liquid crystal display

panel in which both transparent electrodes and reflective electrodes are
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provided as the pixel electrodes, reflective electrodes similar to those
described above méy be formed sb as to be connected to transparent
elecfro‘des formed by the processing of the semiconductor material film.
TFTs emp_loyed in the present invenﬁ(;n may be used, not or;ly as the-
switching elements of pixels in a display panel, but also as the switching
elements in a driver circuit for the TFTs of the display paﬁel. For example,
in the vicinity of the array substraté, TFTs having the same conétruction as
that of the TFTs used as switching elements may be -disposed as the
switching elements of the driver circuit for the source signal lines or the

gate signal lines.

BRIEF DESCRIPTION OF THE D_RAWINGS

For a more complete understanding of the present invention, and the
advantages thereof, reference is now .made to the following descriptions
taken in conjunction with the accompanying drawings, in which: |

Fig. 1a is a schematic longitudinal section showing the essential part
of a TFT array of the present inventiox_l, and Fig. 1b is a plan view of the
same; .-

Figs. 2a—2g are schematic longitudinal sect.ions..of the essential part
showing the state of the substraté at each stage of a production process of
the TFT .array;

Fig. 3 is a schematic longitudinal section showing the essential part of

the same TFT array:;

Figs. 4a and 4b are schematic longitudinal sections of the essential

part showing the state of the substrate at each stage of a production
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process of another TFT array of the present ihventioh;
Fig.5isa schematic 'long'itudlinal section showing the essential part of
yet another TFT array of the present invention; |
' 1;"ig..6 is a schematic longii;udinal section showiﬁé the essential part of .
still another TFT array of the present invention;
Fig. 7 is a schematic longitudinal s_ection' showing a liquid cryéi_:al
display panel that utilizes a TFT array of the present invention;

Fig. 8 is a schematic longitudinal section showing an

electroluminescent display panel that utilizes a TFT array of the present

invention; |

Fig. 9 is a schematic longitudinal sectibn showing the essential part of
still another TFT. array of the preéent invention;

Figs. 10a—10f are schematic longitudinal sections of the essential part
showing the state of the substrate at each stage of a production process of
the same TFT array; |

Fig. 11a is a schematic léngitudinal section showing the essentiai part

~ of still another TFT array of the present invention, and Fig. 11b is a plan-

view of the same;

Figs. 12a—12d are schematic longitudinal sections of the essential pa:tt'
showing the state of the substrate at each stage of a production process of

the same TFT array;

Fig. 13 is a schematic longitudinal section showing an essential part

of the same TFT array;

Fig. 14 is a schematic plan view showing the construction of a TFT

array;
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Fig. 15 is a schematic plan view showing the ésséntial part of a TFT
array that is utilized in an IPS-type liquid crystal display panel; and

- Figs. 16a—16h are schematic longitudinal sections of the essential part

showing the state of the substrate at each stage of a production process of a

conventional TEFT array.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invenﬁon is éppﬁcable to both a TFT array having
so-called -top-gate TFTs, in which gate electrodes are disposed in a layer
above that of the channel portions, and a TFT array having so-called
bottom-gate TFTs, in which gate electrodes are disposed in a layer below
that of the channel portions.

A TFT array having top-gate TFTs can be produced according to the
steps 1-A to 1-H below. |
[Step 1-Al]

A semiconductor material film is formed over an insulating substrate
by sputtering, plasina CVD, plating, or the like.

The substrate inay b;a composed of glass or a synthetic resin.
Preférably, an undercoat layer is formed over the substrate before the
semiconductor material film is' formed. By providing an undercoat layer,
the diffusion of trace impurities contained in the substrate, for example,
alkali meta_ls when a substrate is ﬁlade of glass, into the semiconductor
layer of each TFT is prevented during the prodjiction process and with use
of the device. As a result, deterioration of other TFT characteristics

caused by an increase in the threshold voltage of the TFTs, a decrease in.
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the effective mobility of the carriers, and the like is prevented.
[Step.1-Bl |

By lithography utilizing a ﬁrst resist, the semiconductor matenal ﬁlm
is patterned into a shape contalmng semiconductor layers of the TFTs and.
pixel electrodes connected thereto.

Specifically, over the semiconductor material film, a resist material is

applied by a known method to form a resist layer, and subsequently, the.

- resist layer is exposed using a first mask having a specified pattern. After

exposure, the resist layer is developed to fofm a first résist. Using this
first resist as a mask, the semiconductor material film is etched.
[Step 1-C]

After patterning, an insiﬂa‘tin'g layer (gate insulating film) is formed
over the substrate having the semiconductor ‘material film is disposed
thereon by, for example, plasma CVD. _

Examples- of the material for the gate insulating film include SiNy,
Al203, MgO, CeQz, SiO2, and the like.

[Step 1-D] |

On the insulating layer, gate signal lines and gate electrodes are
formed.

Specifically, a first metal layer is formed by sputtering or the like.
For the first metal layer, a material is used that has a high conductiﬁty
and allows for the formation over its surface of an insulating film that is
highly insulative in the subsequent step (1-E). Aluminum or its alloys, for
example, aluminum-zircom'um alloy, which can be formed into an oxide

film having few impurities by anodic oxidation utilizing a neutral solution,
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may be used. In order to prevent crystallization of aluminum, a layer
composed of an alloy is desirable. On the first metal layer, a resist
mateﬁal is épplied by a -kx_mwn method to form a resist layer, a_nd the resist
layer is exposed using a second mask having a épeciﬁed paftem. After
exposure, the resist layer is developed to form a second resist. Using this
second .;resist as a resist xhask, the first metal layer is etched.

[Step 1-E]

On the top surfaces and side surfaces of the gate electrodes énd the
gate signal lines, an insulating o:_cide film is formed. Preferably, the
surfaces of the gate electrodes and the gate signal lines are oxidized by -
anodic oxidation. The anodic oxidation is such that, with the substrate
_submerged in an electrolyte, voltage is applied between aﬁodes, in this case
the gate electrodes and the gate signal lines connected to the gate
electrodes, and cathodes to oxidiz_e the surfaces at a low temperature.
This method makes it possible to selectively and efficiently form a dense
oxide film over only the exposed'surfaces of the gaté electrodes and.thlc-e
gate signal lines without utilizing a mask.

[Step 1-F]

With the gate electrodes as a mask, impurities are selectively added to
the senﬁconductor material film to divide the semiconductor material film
into regions according to function. Specifically, chénnel portions (acﬁve
regions) are fprmed in the regions directly below the gate electrodes in
which impurities are not in_trbdu_ced. Source portions and drain portions
are formed in regions in which impurities aré introduced so as to sandwich

the channel portions. Pixel electrodes connected to the drain portions are
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formed.

The TFTs formed have a so-called offset construction, as impurities
are not added to the regions directly under the insulating 0xiae films
formed over the side surfaces of the gate élecérodes. ‘With an ;)ffs‘et.
construction, leakage current is minimal. It should be noted that the
addition of an impurity can be carried out before the step 1-E, in which
case the so-called on resistance of the TFT is low.

[Step 1-Gl]

Using the gate electrode_é having th;a linsulating oxide films formed
thereon as a mask, an insulating layer is etched to 'expose the source
portions.

[Step 1-H] |

On the substrate having the source portions and the hke exposed

thereon, source signal lines, connected to the source portions, are formed.

Specifically, a second metal layer is formed by vapor-deposition or the

‘like. The second metal layer material may be composed of, for example,

aluminum or aluminum alloys. In the same manner as step 1-D, a resist
layer is then formed over the second metal layer. Using a third mask, the
resist layer is exposed and developed to form a third resist. Using this
third resist as a resist mask, the second metal layér is etched.

On the substrate having the source portions and the like exposed
thereon, source signal lines connected fo the source portions are formed.

In a TFT array for an IPS-fyp_e liquid crystal display panel, common
electrodes (countér electrodes) and common electrode lines each connecting |

common electrodes of a given row are formed.
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The following step (1-I) is additionally carried out according to
necés,sity or when desirable.

[Step 1-1)

A passivation layer is formed over the substrate so as to cover the

' source signal lines, the TFTs, and the like. -

The passivation layer is intended to prevent, in latei' steps, variance
in the characteristics of the TFTs and the like due to external influences or
influences from the other elements. When at least a portion of the TFT
array is covered with a passivation layer, an array having high reliability
and a display device that utilizes this array can be obtained. When the
passivation layer is composed of an inorganic substance, reliability is
further improved. The passivation layer may be, for example, a layer
composed (_)f silicon-based inorganic substances such as a silicon oxide film,
a silicon nitride film, or the ﬁke. In particular, when a solgel-type silicon
compound is employed as the material for the passivation layer, selective
formation by a print process is made possible. In particular, in the case of |
a TFT array for an EL display panel in which a light-emitting layer and a
counter .electrode are stacked and formed on the pixel electrodes, by
disposing a passivation layer over all regions of the TFT array with the
exception of regions in Which.pixel electrodes are disposed, short circuits
between the electrodes are prevented and reliability improved.

A TFT array having bottdm-gate TFTs can .be produced é.ccordjng to
the steps 2-A to 2-E below. -

[Step 2-Al

Gate signal lines and gate electipdes are formed on an insulating
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substrate.

Specifically, a first metal layer is formed over the substrate by
sputtering or the like. The first metal layer may be composed of, for
example, an aluminum-zirconium alloy. On the first metal layer, a resist

material is applied by a known method to form a resist layer, and the resist

layer is exposed using a first mask h.aving a speciﬁed pattern. After

exposure, the resist layer is developed tb form a first resist. Using this
first resist as a mask, the first metal layer is etched.

' Preferably, an .undercoat layer 1s formed over the substrate before the
first metal layer is formed.
[Step 2-B]

_ -On th'e. surface of the substrafe having the gate signal lines and the
like formed thereon, an insulatiﬁg layer (gate msdéﬁng layer) is formed.

For example,,_a_ film compbsed of silicon oxide, silicon nitride, or the
like is formed by plasma CVD.

[Step 2-C]

On the insulating layer, a semicon_ductor material ﬁlm is formed, énd
this semiconductor material film is processed into the semiconductor layer
of the TFTs and conductive elemenfs containing the pixel electrodes.

Speciﬁca]ly,. on the substrate having the gate electrodes and the like
formed thereon, a semiconductor material film is formed by-‘ sputtering,
plasma CVD, _plaﬁn'g,l a_nd the like,l and the semiconductor material film is
patterned by lithography using‘ a second resist.

Impurities are then added to the s'emiconductor.material film using a -

mask over the regions where channel portions are to be formed, and thus
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the semiconductor material film is divided into a plurality of elements
according to function. Specifically, channel portions, in which impurities
are not- introduced, are formed, soﬁrce and drain portioné, in which
impurities are introduced, are fonﬁed so as to sandwi.ch the channel
portions, and. pixel electrodes, in which impurities are introduced, are
formed so as to be connected to the drain portions. | |

It should be noted that following the formation of the insuléﬁng layer
with the formation of the semiconductor material film prevents the
intrusion of contaminants between thé film and the layer.

After the impurities are injected into the semiconductor material film,
the shape of the semiconductor material film may be p_rpcessed.

In forming light ,reﬂective pixel electrodes, it is not necessary to form
the pixel electrbdes from the semicbnductof maferial,ﬁlm. |
[Step 2-D]

On the insulating layer, source signal lines are fonﬁed.

A second metal layer is formed by sputtering or the like. | The second
metal layer may be composed of, for example, an aluminum-zirconium alloy.
On the second metal layer, a resist material is appﬁed by a known method
to form a resist layer, and the resist layer is éxposed usihg a third mask

having a specified pattern. After exposﬁre the resist layer is developed to

form a fhird resist. Using this third resist as a resist mask, the third

metal layer is etched.
When reflective pixel electrodes are formed, the second metal layer is
processed to form the pixel electrodes in addition to the source signal lines.

In a TFT array for a transflective-type liquid crystal display panel,
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reflective electrodes, serving as additional pixel electrodes, are formed so

_as to be electrically connected to the.pixel electrodes formed in step 2-C,

which are transparent.

In a TFT array for an IPS-type liquid crystal display panel, commo-n.
electrode (counter electrodes) and common electrode lines each connecting
common electrodes of a same given row are formed.

The following step (2-_E) is additionally carried out according to
necessity or when desirable.

[Step 2-E]

A passivation layer is formed over the substrate so as to cover the
source signal lines, the TFTs, and the like.

The passivation layer is intended to prevent variance in the.
characteristics of the TFTs and the like due to external ‘influences or
influences from the other elements. The passivation layer may be, for
example, a'layei' composed of silica-based inorganic substances such as a
silicon oxide film, a silicon nitride film, or the like. In particular, when é
solgel-type silicon-based inorgémic- substance is employed as the material

for the passivation layer, selective formation by a print process is made -

‘possible.

| In the TFT array for an IPS-type liquid crystal display panel, the

common electrodes and common electrode lines each connecting common

electrodes of a given row may be formed on the passivation layer.
A TFT array having bottom-gate TFTs can also be produced according

to the steps 3-A to 3-H below.
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[Step 3-Al

A metal layer is formed over an insulating substrate.

Speciﬁca]l'y, a first metal layer is formed by -sputtering or the hke
The first metal layer ma& l;e composed of, | fc;r example, an |
aluminum-zircohium alloy. Preférébigr,'an undercoat layer is formed over
the substrate before the first n-xetal layer is formed. |
[Step3-B]

Qn the surface of the substrate having the first metal layer formed
thereon, an insulating layer (gate insulating film) is formed.

.For example, a film composed of silicon oxide, silicon nitride, or the
like is formed. by plasma CVD. By foﬂowing the formation of the first

metal layer with the formation of an insulating layer, TFTs having stable

characteristics can be obtained.

[Step 3-Cl]

The first metal layer and the insulating léye;' are processed into a
shape corresponding to source signal lines, gate signal lines, and gate
electrodes. | | | |

On the insulating 1ayér, a resist material is applied by a known
methéd to form a resist layer, and the resist layer is exposed using a first -
mask having a specified pattern. After exposure, the resist layer is
developed to form a first resist. Using this first resist as a mask, the first
metal layer and the insulating layer are etched.

[Step 3-D]
An insulating oxide film is formed to cover the exposed side suxfaces

of the gaté electrodes and the gate signal lines. Preferably, the suxfaces of |
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the gaté electrodes and the gate signal lines are qxidized by anodic
oxidation. The anodic oxidation is such that, with the substrate
submerged in an electrolyte, voltage is applied between anodes, in this case
tixe gate electrodes and the gate sigﬁal lines, and cathodes to oﬁdize the
surfaces at a low temperature.
[Step 3-E] |

On the substrate having the gate electrodes and fhe like formed |

thereon, a semiconductor material filim is formed by sputtering, plasma

- CVD, plating, or the like.
. [Step 3-F]

The semiconductor material film is divided into the elements of a TFT
array.

Impuﬁties are injected into the semiconductor material ﬁlm using a
mask over the regions where channel portions and insulating regions ai'e to
be formed. |

It should be noted that when Light-reflective pixel electrodes ar;a
formed, it is not necessary to form the pixel electrodes from the
semiconductor film. For example, in step 3-C, the metal layer may be
processed to forni th.e pixel electrodes along with the source signal Hﬁes

and the like. Alternatively, a step of forming pixel electrodes may be

added.

In a TFT array for an transflective-type liquid crystal display panel,
reflective electrodes, serving as additional pixel electrodes, are formed so
as to be electrically connected to the pixel electrodes formed in step 3-F,

which are transparent.
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In a TFT array for an IPS-type liquid crystal display panel, for

example in the processing of the metal layer in step 3-C, common

‘electrodes (counter electrodes) and common electrode lines each connecting

common elc;ctxodes of a given row are formed.

The foliowing. step 3-G is additionally carried out according to
necessity or when desirable. . | ' |
[Step 3-G]

A passivation layer is provided over the substrate to cover the source
signal lines, TFTs, and the like.

‘In the TFT array for an IPS-type liquid crystal display panel, the .
common électrodes and common electrode lines each connecting common
electrodes of a given row maj be formed on the passivation layer.

The TFT arrays fabricated as described above, can be used as the
array substrate for a liquid crystal display panel, an EL display panel, or
the like. |

In a transmissive-type liquid crystal display panel or an. EL disp];at.y'
panel in which light passes through the pixel electrodes, transparent
electrodes formed by processing’ a semiconductor material are used for the
pixel electrodes. | |

Ina reﬂective-type' liquid crystal display panel or an EL display panel
in which light passes through the counter elebtrode, electrodes forxﬁed by
prbcessing a metal layer are used for the pixel electrodes. |
| In a transflective-type liquid crystal display panel, .both' electrodes
that are composed of a semiconductor material and electrodes that are

composed of metal are used for the pixel electrodes. Various
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~ arrangements are possible in_cluding, for example,

i) frame-shaped reﬂecfcive electrodeﬁ_ and _transpérent .electrodes
disposed so as to close the openings of the reflective electrodés,

ii) uniformly formed transparent elec_:frodes and a plura]its; of very
small reflective electrodes uniformly disposed and connected to the
transparent elecfrodes, and |

jii) uniformly formed transparent electrodes and rectangular reflective
metal electrodes disposed such that approximately half of the transparent
electrodes are covered. |
In particular, when source signal lines are formed over an exposed
sex_niconductor niaterial film, it 1s pos_sible to simply form the reflective
electrodes having a desired shape so as to contact the transparent pixel
electrodes.

It is desirable that the reflective electrodes and the transparent
electrodes be disposed such that the ratio of the region of the reflective
electrodes that contributes to dispiay, ie. the reflective display regién of

the pixels, and the region of the transparent electrodes that contributes to

-display, i.e. the transparent display region, is in the range of 3:1-1:3.

'Whlen serving as an array substrate of a liquid crystal display panel, a
liquid crystal orientation film for orienting liquid crystal molecules in a
specified direction is disposéd. The array substrate and a known counter
substrate cox;lprising a similar ]iqﬁid crystal oiientation film and a
transparent. counter .electrode are opposed to oné another with a liquid
crystal layer sandwiched therébetween té form a liquid crystal display

panel. On the surface of the counter substrate, a color filter comprising
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each of R (red), G (green), and B (blue) are disposed: according to a specified
pattern. '

In an organic EL display panel, an electroluminescent layer is directly
disposed ;)ver the pixel electrodés, and a counter élecfrode is formed ove.zr
the electroluminescent layer. For the electroluminescent layer, a known
layer such as a -singlé layex 'tht-eﬁitﬁng layer or a layer. additidnally
comprising a hole-transporting iayer, an electron-transporting layer, or the
liké, can be employed. For example, an electroluminescent layer that

emits R, G, and B light, respectively, may be disposed according to a

- specified pattern.

In the following, the preferred embodiments of the present invention

are described in detail with reference to the ﬁgui:es.

EMBODIMENT 1
In the present embodiment, a TFT array utﬂizing so-called top-gate

TFTs in which gate electrodes of the TFTs are disposed in a layer above

| that of the channel portions is described.

The TFT array of the present embodiment is shown in Figs. laand 1b.
As shown in the figures, a pixel electrode 10 is disposed in the same layer

as that of a channel portion 4a, a source portion 4b, and a drain portion 4c,

which serve as the semiconductor layer of each TFT, and the pixel electrode

10 is integra]ly formed with these portions. The pixel electrode 10, the -
channel portion 4a, the source portion 4b, and the drain portion 4c are

composed of a semiconductor material to which conductivity has been
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imparted.

The TFT array of the present embodiment is prpduced in, for example,
the following manner.

As shown in Fig. 2a, a film c_:omposéd of silicon oxide and having a
thickness of 0.4 nm, serving as an unaercoat layer (passivation layer) 3, is
formed by chemical vapor deposition (CVD) over a surface of a cleaned,
transparent, glass substrate 2, and a transparent semiconductor material
film 4 composed of zinc oxide (ZnO) and having a thickness of 50 nm is
formed on the undercoat layer by sputtering, plasma CVD, plating, 6r the
like. | | |

A resist material film is forrﬁed over the semiconductor material film
4. By exposing and developing the resist material film using a photomask,
a resist 5a is forﬁled having a pattern corresponding to the semiconductor.
layer of each of the thin film transistors and pixel electrodes connected
thereto that will be formed. The semiconductor material film 4 is etched
using the resist 5a, as is shown in Fig. 2b. '

After the resist 5a is removed, as is shown in Fig. 2¢, an insulating

_ﬁlm 6 composed of silicon nitride and having a thickness of 150 nm is

formed by plasma CVD over the subsfrate 2 having the processed
semiconductor material film 4 formed thereon, and a metal layer 7
containing aluminum and zirconium at a weight ratio of 97:3 and having a
thickness of approximately 200 nm is formed over the insulating layer 6 by
sputtering.

On the metal layer 7, a resist 5b is formed having a pattern

corresponding to gate signal lines and gate electrodes that are to be formed.
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Using the resist 5b, the metal layer 7 is etched.

After the resist 5b is rémovéd, as is shown in Fig. 2d, an insulating
layér 8 mainly composed of aluininum oxide is formed on-the exposed
surfaces of the processed metai layer 7, i.e. on the toﬁ and side surfaces, by.
anodic oxidization utilizing an electrolyte containing ammonium borate
and having a pH in the neighborhood of 7. Thus, a plurality (not shown)
of gate electrodes 9 and gate signal lines (not shown in the figure), whose
perimeters are covered by the insulating layer 6 and the insulating layer 8,
are formed. |

Using the insulating film 8 as a mask, phosphorus, for exampie, an
n-type impurity, is added to the semiconductor matérial film 4 at an
Mpﬁrity concentration of 2x1017 atoms/cm2. By the addition of this ion,
conductivity is imparted to all of the serﬁicd_n’ductor material film 4 except
for regions to become channel portions that are covered by th.e'ir.l.sulatin.g
film 8, and thus the semiconductor material film 4 is divided according to
function into a plurality (nof_: shown) of channel pbrtions 4a, source -porﬁéns
4b, drain portib'ns 4c, and pixel electrodes 10 connected to the. dram
portions 4c. | | |

~ Using the insulating film 8 as a mask, the insulating layer 6 is etched,
whereby thé entire insulating layer 6 is removed except for the regions
directly below the gate signal lines and the regions directly below the gaté.
electrodes 9.

As is shown in Fig. 2f, a conductive film 11 composed of an aluminum
alloy containing 1% by weight of silicon and having a thickness of 0.5 pm is

then formed over the substrate 2 having the source portions 4b and the like
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exposed thereon by the etching. A resist 5c is formed having a pattern
corresponding to source signal lines that will be formed. By carrying out
etching using this resist 5¢c, the conductive film 11, as is shown in Fig. 2g,
is processed into a plurality (not shown) ;)f source signal lines 12 connected
to the source pprtions 4b that had been exposed by etéhing.

Though the source signal lines 12 émd the gate signal lines 18
intersect, as shown in Fig. 3, the insulation of the signal lines from one
another is ensured because the_ surface of thé gate signal lines 18 is covered
with the insulating film 8 composed of an oxide.

3 If necessary, after the resist 5c is removed, a passivation layer 13
composed of silicon nitride is forined by, for example, .spin coating over the
substrate 2 having the source signal lines 12 formed thereon in the manner
described above. Thus, as shown in Fig. lé_and_Fig. 1b, a TFT array 1
having top-gate TFTs is obtained. During this process, it is desirable that
the passivation layer 13 not be forined in the regions in which the
terminals of the .sigrial lines for connecting the TFTs to driver circuits are
disposed.. It is also of course possible to remove the portion of the
passivatidn layer 13 that is in these régions by _etching.

Thus, acéord.ing to the present embodiment, a TFT array is obtained
using only three photox.nasks.'

The production method of the TFT array of the present embodiment is

applicable when reflective electrodes are used for the pixel electrodes and

‘when both transparent and reflective electrodes are used as in a TFT array

for a transflective-type ]iquid crystal display panel.

When reflective electrodes are used for the pixel electrodes, the
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method may be carried out as follows. In the step of processing the
semiconductor material film into a shape, the semiconductor material film
4, as is shown in Fig. .4a, 1s processéd into a shape corresponding to
cha;nn.el portions, source pori‘:ions, and drain portio-ns, or also into a shar;e
containing contact regions contiguous with the drain portions. In the step
of forming the source signal lines, the conductive film is not only. processed
into the source signal lines 12, but also into a plurality (not shown) of
reflective pixel electrodes 10b connected to the drain portions 4c or, as is
shown in F1g 4b, a plurality (not shown) of contact regions 4d.

When both transparent electrlodes' and reflective electrodes are used,
for example, in addition to forming transparent pixel electrodés that derive
from the semiconductor material film in th;e manner descﬁbed above, in
the step of processing the conductive film to form source signal lines,
reflective pii;el electrodes are also formed. In the step of forming the
source signal lines, because the. surfaces of the transparent pixel electrodes
that derive from the semiconductor material film are exposed, it is-possible.
to easily connect the reflective pixel electrodes to be formed to the
transp arent pixel electrodes.

In a TFT array for a so-called IPS-type liquid crystal display panel,
comb-shaped pixel electrodes are ﬁsed,' and common electrodes (counter
electrodes) are disposed on thé TFT array. |

For example, as is shown in Flg 5, a plurality (not shown) of common
electrodes 14 are formed simultaneously with the gate signal lines and the

gate electrodes 9. In the step of processing the conductive film into the

‘gate signal lines and the gate electrodes 9, the comb-shaped common
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electrodes 14, which form pairs with the pixel electllodes 10, are formed.
snnultaneously with common electrode lines (not shown in the figure) for
connecting a given row of the common electrodes 14. In the same manner
as with the gate electrodes 9, forming an insulating film 8 on exposed
surfaces of the common electrodes 14 and the eommon electrode lines
makes it possible to ensure that the source signal lines and the.like are
insulated. In addition, as is shown in. Fig. 6, comb-shaped common
electrodes 14 may be disposed on the passivation layer 13. In order to
form the common electrodes 14 on the passivation layer 13, although an

additional step that utilizes a mask having a speciﬁed pattern becomes

- necessary, the formation of the common electredes 14 eliminates the need

to form a common electrode on the counter substrate, and thus an
additional step is not added to the production process of the display panel
as a whole. |

In the following, display panels einpleying the TFT array obtaine_d in
the manner describéd above are described. |

1. Liquid Crystal Display Panel

.The TFT array of the present embodiment is employed, for example,
in a liquid crystal display panel such as that shown in F1g 7.

In the liquid crystal display panel, as is shown in Fig. 7, a TFT array
1 is opposed to a counter subeti'ate 110 with a liquid crystal layer 120
having a specified thickness disposed therebetween. On the surface of the
TFT array 1 and the surface the ceunter substrate 110 that border with the
liquid crystal layer 120, liquid crystal orientation films 15 and 104,

respectively, are formed. On a surface on the side of the counter substrate
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110 that 0p'poses. the TFT array 1, a 'transparent counter electrode 103
composed of indium tin oxide (ITO) or the like is disposed. In a .color
hqmd crystal display panel, G (green), B (blue) and R (red) color filter
layers 102 are disposed on either the TFT array or the counter substrate

The liquid crystal display panel is produced in, for example, the
following manner. - _

On the passivation layer 13 of the TFT array 1, a polyimide resin
material is applied, and the applied film is heat cured to form a polyimide
coating film. The sui'faoe of the polyiniide coating film is rubbed in a fixed

d1rect10n to form a hqmd crystal orientation film. Although the liquid

crystal orientation ﬁlm may be directly formed on the surface of the TFTs .

and the like without prov1d1ng a passivation layer, it is desirable to provide

a passivation layer in order to prevent- the penetration of impurities into

“the semiconductor layer.

According to a known method, color filter layers 102 are formed on a
transpérent glass substrate 101, and a counter electrode 103 is then
formed on the color filter layer 102. Over the substrate 101 having the
counter .ele(_:tr-o'de 103. formed thereon, a silicon oxide film serving as a
passivatiori layer is formed if necessary, and subéequently, a liquid crystal
orientation film 104 is formed in the manner described above.

An adhesive 105 is applied to the perimeter of the surface of the
counter substrate 110 opposing the TFT array 1 formed in the manner
described above and to the corresponding region of the TFT array 1.
Spacers 106 are formed on the adhesive 105 of the TFT array 1. The TFT

array 1 and the counter substrate 110 are adhered together so that the
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~ pixel electrodes 10 and the counter electrode 103 are opposed to one
another, and thus, an empty cell having substrates distanced at an interval .-

of, for example, approximately 5 pm is assembled. It should be noted that |

the orientation treatment direction of the liquid crystal orientation film 15
and that of the liquid crystal orientation film 104 are arranged so as to

intersect at 90 degrees. A liguid crystal material (for example, ZL114792

“available from Merck & Co., Inc.) is injected into the empty cell through an

opening provided in one of the spacers 106, and subsequently, the opening
is closed to form a liquid crystal layer 120. By disposiﬁg polarizers 107
and 108 on both outer surfacés so that the polarizers are in a cross nicols
relationship, a so-called twisted nematic (TN)-type liquid crystal display
panel 100, as is shown in Fig. 7, is obtained. The liquid crystal display
panel 100 regulates the transmission of light from a backlight (not shown
in figure) applied in the direction of the arrows in the figure, and thus an
image is displayed. |
II. Electroluminescent display panel

By forming an electroluminescent layer and a counter electrode on the.

. pixel electrodes of a TFT array of the present embodiment, an

electroluminescent (EL) displaj panel as that shown in Fig. 8 is obtained.
The EL display panel is produced | in, for example, the following
manner.
On the surface of a TFT array not having a passivation layer formed
thereon, a film composed of tris (8'hydroxyquinoliné) aluminum, an
electroluminescent, gre.en-tht-emitﬁng material, and having a thickness

of approximately 100 nm is formed by, for example, vacuum deposition.
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By patterning the film into a specified shape, a light-emitting layer 201

that emits green light is formed. By the same method, light-emitting

" layers (not shown in figure) composed of a red light-emitting material and

of é blue light-emitting material are formed.

By forming a metal film composed mainly of aluminum over the
substrate having the light-emitting layer 201 formed thereon to serve as,
for example, a light-reflective couhter electrode 202, an EL displasr panel
200 és shown in Fig. 8 is obtained. If necessary, a passivation layer may
be formed over the counter electrode 202. |

In this EL display panel, as the pixel electrodes are transparent
electrodes and the counter electrode is é light reflective, light emitted from

the light-emitting layer is emitted to the outside as is shown by the arrows

in the figure.

When reflective electrodes are used for the pixel electrodes, it is of
course possible to use a transparent counter electrode composed of ITO or

the like and to emit light from the opposite surface of the substrate.

EMBODIMENT 2
In the present embodiment, a TFT ari'ay utilizing so-called
bottom-gate TFTs in which gate electrodes of the TFTs are disposed in a
layer below that of the channel portions is descﬁbéd.'
The TFT array of the present embodiment is shown in Fig. 9. Asis

shown in the figure, a pixel electrode 10 is disposed in the same layer as

- that of a channel portion 23a; a source portion 23b, and a drain portion 23c,

which serve as the semiconductor layer of a TFT, and the pixel electrode 10
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is integrally formed with these porﬁons. The pixel electrode 10, the
channel portion 23a, the source portion 23b, and the drain portion 23c are
éomposed of a s'emiconductoz; méterial’ to which con&uctivity has been
imparted. ‘ .

The TFT array of the pfesent embod_iment is prodﬁced in, for example,
the following manner. | |

As shown in Fig. 10a, a film composed of silicon oxide and having a

. thickness of 0.4 pm, serving as an undercoat layer 3, is formed by chemical

vapor deposition (CVD) over a surface of a cleaned, transparent, glass

substrate 2, and a metal layer 20 having a thickness of approximately 200

nm and containing aluminum and zirconium at a weight ratio of 97:3 is

formed on the undercoat layer 3 by sputtering. On the metal iayer 20, by

forming a resist material film, .exposi.ng the resist material film using a

photomask, and developing the resist material film, a resist 21a is formed
haviﬁg. a pattern c_:orrespondi_ng to gate electrodes and gate signal lines to

be formed. By etching with the resist 21a as a mask, the metal layer 20 is

processed into a plurality (not shown) of gate electrodes 9 and gate signal'
lines (not sﬁown m figure).

After the resist 2.1a is removed, as is shown in Fig. 10b, an insulating
layer 22 composed of si]icbn nitride and having a thickness of 150 nm is
formed bsr plasma CVD over the surface of the substrate 2 having the gate
electrodes 9 formed thereon, and a transparent semiconductor material
film 23 composed of zinc oxide (ZnO) and having a thickness of 50 ﬁm is
formed on the insulating layer 22 By sputtering, plasma CVD, plating, or

the like.
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As shown in Fig. 10c, on _the semiconductor material film 23, a resist

. 21b is formed having a pattern corresponding to the semiconductor layer of

each thin ﬁlm transistor and to pixel electrodes to be formed. Usmg the
res1st 21b, the senuconductor matenal film 23 is etched.

Before or after the semiconductor material film 23 is processe'ﬂ,
phosphorus, an n-type impurity, is added using a ma.sk' to the
senﬁponductor material film 23 at an impurity concentration of, for
example, 2x1017 atoms/cm2. By adding this impurity, conductivity is
imparted to all of the semicondu(':tor. material film 23 except to regions
covered by the mask to be formed into channel portions, and as is shown in
Fig. 10d, the semiconductor material film 23 is divided according to

function into a plurality (not shown) of channel portions 23a, source

- portions 23b, drain portions 23c, and pixel electrodes 10 connected to the

drain portions 23c. Asis showh in Fig. 10e, over the substrate 2 having
source portions 23b and fhe iike' formed thereon, a conductive film 24
composed of an aluminum alloy com:aj.nin,.gr _1%_ by Weight of si]icbn and -
having a thickness of 0.5 nm is then formed, and on top of this, a resist 21c
is formed having a pattern corresponding to source signal lines to be
formed. | - |
By etching With the resist 21c, the conductive film 24 is processed, as
shown in Fig. 10f, into a plurality (not sho@ of source signal lines 12
connected to the source portions 23b exposed by the etching.
If necessary, after the resist 21c is removed, a paséivaﬁdn layer 13
composed of silicon nitride is formed by, for example, spin coating over the

substrate 2 having the source signal lines 12 formed thereon. Thus, as
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-shown in Fig. 9, a TFT array 1 having bottom-gate TFTs is obtained.

It is desirable that the passivation layer 13 not be formed in the .
regions in which the terminals of the signal lines for connecting the TFTs
to a driver ﬁrcuit are disposed. it is also of course poséible to rémove the
portion of the passivation layer 13 that is these regions by etching. . .By
removing the passivation lay'er 13 that is formed on the surface of the gat.e
signal lines, the gate signal lines are exposed.

Thus, accoraing to the present embodimént, a TFT array is obtained
using only three photomasks.

The production method of the TFT array of the present embodiment is
applicable when reflective electrodes are use for the pixel electrodes and
when both transparent and reflective electrodes are used as in a TFT ari'ay
for a transﬂective;type liquid ci'ystal displa& panel.

When _i‘eﬂective electrodes are used for the pixel electrodes, the
mefhod may be carried out as follows. In the step of processing the
sémiconductor material film into é predetermined shape, the
semiconductor material film is processed into a shape correspbnding to a
plurality (not shown) of bhannel porﬁoﬁs 23a, source portions 23b, and
drain portions 23c, or also into a shape containing contact regions
contiguous with the channel portions 23a. In the step of forming the
source signal lines, the conductive ﬁlm_— is not only processed into the source
signal lines 12, but also into reflective pixel electrodes connected to the
drain portions 23c or the contact regions.

When both transparent electrodes and reflective electrodes are used,

for example, in addition to forming transparent pixel electrodes that derive
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from the semiconductor material film in the manner described above, in

" the step of processing the conductive film to form source signal lines,

reflective pixel electrodes are also formed. In the step of forming the

source signal linés, because the surfaces of the transparent pixel electrodes

are exposed, it is possible to easily connect the reflective pixel electrodes to

be formed to the transparent pixel electrodes.

In a TFT array for a so-called IPS-typé liquid érystal 'display.panel,

comb-shaped pixel electrodes are used, and in the step of processing the

conductive film into gate signal lines and géte electrodes, comb-shaped

common electrodes, which form pairs with the pixel electrodes, and

‘common electrode lines for connecting the common electrodes of a given

row are also formed. By forming an insulating layer on exposed surfaces
of the common electrodes and the common eléct'rode lines, as was done with
the gate signal lines and the like, insulation of the .common électrodés a_uid
the common electrode lines from .the' source signal lines and the like is
ensured. In addition, the common eiectrodes may be formed on a
passivaﬁon layer. In order to form thé cdmb-shaped commbn electrodes on
the passivation layer, although an additional step that uﬁﬁzes a mask
having a specified pattern becomes 'nec_essary, the formatidn of the c.ommon
electrodes eliminates the need to form a common electrode on the counter
subétr.ate, and thus an additional step is not added fo the production

process of the display panel as a whole.

EMBODIMENT 3

In the present embodiment, an example of a TFT array that utilizes a
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semiconductor material film for insulating elements is described.

. The TFT array of the present embodiment is shown in Fig. 1la and
Fig. 11b. In the present embodiment, .the semiconductor material film is-
divideé. according to fum;tion iht;> components of the TFT array without the
shape of the film being processed. In addition, the principal elements of a

plurality (not shown) of gate signal lines 18, gate electrodes 9, and source

~ signal lines 12 are formed by processing a single layer. Therefore, the

. production process of the TFT array is simplified even further in

comparison With the embodiments_ described above.

The TFT array of the -prt_asent embodiment is pxoduced in, for example,
the following manner.

As shown in Fig. 12a, a film composed of silicon oxide and having a
thickness of 0.4 pm, serving as an undercoat layer 3, is formed by chemical .
vapor deposition (CVD) over a surface of a cleaned, transpai‘ent, glass
sﬁbstrate 2, and an alloy film 31 having a thickness of épproximately 200

nm and containing aluminum and zirconium at a weight ratio of

~ approximately 97:3 is formed on the undercoat layer 3 by sputtering. On

the surface of the alloy film 31, an insulating layer 32 composed of silicon
hitride and having a thickness of 150 nm is forined.

On thé surface of the insulating layer 32, a resist layer 33a for
photolithography is formed having a pattern corresponding to the shape of
gate electrodes, gate signal Hnes, and source Si‘gnal lines to.be formed by
processing the alloy film 31. .. _ _

Subsequently, by etching, the alloy film 31 and the insulating layer 32 |

are processed into a pattern corresponding to the shape of the resist layer
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33a. By this etching, the alloy film 31 is processed into a sh_ape

corresponding to gate electrodes, gate signal lines, and line-segment

"members of source signal lines. After removing the resist layer 33a,

anodic oxidation is carried out ut]hzmg an electrols;te containing
ammbnium borate and having a pH in the neighborhood of 7, whereby, as is
shown in Fig. 12b, gate electrodes and gate signal lines provide-a with an
insulating film 34 composed of aluminum oxide on exposed side surfaces
are formed.

As shown in Fig. 12c, over the sﬁbstraté 2 having gate electrodes 9
and .the er disposed thereon, a semiconductor material film 35 composed
of zinc oxidé and having a thickness of 70 nm is formed by, for example,
sputtering. Zinc oxide is a so-called i-type semiconductor, and thus, the
formed semiconductor material film 35 transmits visible light. When a
p-type impurity, for example, when a small dose of boron is added to the
semiconductor material film 35 an impurity concentration of approximately
2x1012 atoms/cm?, the film 35 shoﬁvS stable conductivity.

As is shown in Fig. 12d, a reéist layer 33b is formed having a pattern .
over the regions m which insulating elements and a channel portion of
each thin film transistor are to be processed, and using this as a mask,
phosphorus, an n-type impufity, is added at .an impurity concentration of,
for example, 2x1017 atoms/cm2. By adding this impurity, a channel
portion 35a, a source portion 35b, and a drain portion 35c of a plurality (not

shown) of semiconductor layers, are formed simultaneously with a plurality

(not shown) of pixel electrodes 10. In addition, as is shown in Fig. 13, a

plurality (not shown) of connecting members 33d for electrically connecting
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a plui'a]ity (not shown) of segmented source signal lines 12 are formed in
regions of intersection with the gate signal lines 18.

The resist layer 33b is removed and if necessary, a pass1vat10n layer
13 is formed. A TFT array 1 as shown in F1g 11a and Fig. 11b is thus
obtained.

It should be noted that in order to facilitate the removal of the resist .

from the substrate 2 it is possible to uniformly form an morgamc

.insulating film such as a si]icon oxide film and subse(ju'ently, to process this

inorganic insulating film into a mask for adding the impurity by using the

resist to carry out etching, and finally to add the impurity to the region to

form the active layer of the semiconductor material film using this mask.

For example, the impurity added is activated by lamp annealing, .to
form the active layer of each thin ﬁlin transistor.

In the manner described above, thin film transistors are formed on a
substrate 2 in a matrix, ‘and signal lines eonne_cted to each thin film

transistor are formed.
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What is claimed is;

1. Athin film transistor array com'prisingi.
an insulating substrate; |
thin ﬁlm transistors disposed on the substrate in a-matrix, each of the
5 ~ thin film transistors comprising a semiconductor layer Eaving a
channel portion, a source portion, and a drain portion; |
~ source signal lines each for supplying a source signal to a 'givén column
of the thin film transistors;
gate signal lines each for supplying a gate signal to a given row of the
10 thin film transistors; and |
pixel electrodes each connected to the drain portion of one of the thin

film transistors;
wherein the pixel electrodes cdntain a semiconductor material the

same as a material pf the semiconductor layer of each of the thin

15 film transistors.

2. The thin film transistor array according to claim 1, wherein the
semiconductor layer of each of the thin film transistors is integrally formed

with one of the pixel electrodes..

3. The thin film transistor array according to claim 1,' wherein the
20 semiconductor layers, the pixel electrodes, and insulating elements for
separating the pixel electrodes froin’.one another are included in a single

semiconductor material film.

4. The thin film transistor array according to claim 1, wherein the.

[T
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semiconductor material is light transmissive.

5. The thin film transistor array according to claim 1, wherein the

semiconductor material is an oxide semiconductor.

6. The thin film transistor array according to claim 5, wherein the
oxide semiconductor is an oxide selected from the group consisting of zinc

oxide, zinc-magnesium oxide, zinc-cadmium oxide, and cadmium oxide.’

7. The thin film transistor array according to claim 1, wherein the
semiconductor layer of each of the thin film transistors is directly

connected to one of the source signal lines.

‘8. . The thin film transistor array according to claim 1, wherein with
the exception of regions of intersection between the gate signal lines and
the source signal lines, the gate signal lines and the source signal lines

comprise a same material and are disposed in a same layer.

. .. The thin film transistor array according to claim 8, wherein one of
a) the gate signal lines and b) the source-signal lines comprise: |
line-shaped members disposed in regions other than the regions of
~ intersection; and
connection members for 'connecti.ng thé line-shaped members, the
connection members containing a semiconductor material the same
as the semiconductor material contained in the pixel electrodes and
the line-shaped menibers being disposed between the other of the

signal lines.
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10. ‘The thin film transistor array_'accordjng to claim:rii, wherein the
gate signal lines and the source signal lines are insulated from one another .
in regions of intersection by an insulating oxide film formed on a suxface of

each of either the gate signal lines or the source signal lines.

11. The thin film transistor array according to claim 1, wherein the
pixel electrodes are comb-shaped, and the array further comprises
comb-shaped counter electrodes disposed on the substrate, each forming a

pair with one of the pixel electrodes.

12. The thin film transistor array according to claim 11, wherein the
counter electrodes are disposed in a same layer as a layer of either the gaté .

signal lines or _the source signal lines.

13. The thin film transistor array according to claim 12, wherein each

" of the counter electrodes is disposed in a same layer as a layer of the gate

signal lines and has an insulating oxide film on a suxface thereof.

14. The thin film transistor array according to claim 11, wherein the
counter. electrodes are disposed;.in a layer above a layer of the pixel

electrodes with an insulating layer Idisposed.therebetween.

15. The thin film transistor array according te claim 1, wherein the

| pixel electrodes are light transmissive, and the array further comprises

additional pixel electrodes electl_'ica]ly connected to the pixel électrodes, the

additional pixel electrodes being light reflective.

16. The thin film transistor array according to daim 1, wherein a gate

* [+ L ] S *
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electrode of each of the thin film transistors has an insulating oxide film on

a surface thereof.

17. 'The thin film transistor array according to claim 1, further
comprising an undercoat layer formed over a surface on a side of the

substrate having the thin film transistors formed thereon.

18. A thin film transistor array comprisihgi

an insulating substrate;

thin film transistors disposed on the substrate in a matrix, each of the
thin film transistors comprising a -semiconductor layer having a
channel portion, a source portion, and a drain portion; -

source signal lines each for supplying a source signal to a giveﬁ column
of the thin film transiétors; |

gate signal lines each for supplying a gate signal to a given row of the
thin film transistors; and | |

pixel electrodes each connected to the :-drain portion of one 6f .the thin
film transistors; |

wherein the source portions and the drain i)ortions are  directly
connected to the source signal lines and the pixel electrodes,
respectively, the source signal lines and the pixel electrodes beigg

composed of the same material.

19. The thin film transistor array according to claim18, wherein the

source signal lines and the pixel electrodes are composed of aluminum or

. c L ] S *
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20. The thin film transistor array according to claim 18, wherein
counter electrodes are disposed in a layer above a layer of the pixel

eiectrodes with an insulating layer disposed therebetween.

[N

21. The thin film transistor ariay according to claim 18, further
comprising an undercoat layer formed over a surface on a side of the

substrate having the thin film transistors formed thereon.

22. A method of producing a thin film transistor array, comprising an
insulating substrate; thin film transistors disposed on the substrate in a
matrix, each of the thin film transistors comprising a semiconductor layer

having a channel portion, a source portion, and a drain portion; source

. signal lines each for supplying a source signal to a given column of the thin

film transistors; gate signal lines each for supplying a gate signal to a
given row of the thin film transistors; and pixgl electrodes each connected
to the drain portion of one of the thin film .transistor's, the method
comprising processing a semiconductor material film formed over the
substrate into a plurality 6f elt_aments including pixel electrodes and é.

semiconductor layer of each of the thin film transistors by adding a p-type

impurity or an n-type impurity to specified regions of the semiconductor

material film.-

23. The method of pi'oducing a thin film transistor array accordiilg to
claim 22, wherein the semiconductor material film is composed of an oxide

semiconductor.

24. The method of producing a thin film transistor array according to
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claim 23, wherein the oxide semiconductor is an oxide selected from the
group consisting of zinc oxide, zinc-magnesium oxide, zinc-cadmium oxide,

and cadmium oxide.

25. The method of producing a thin film transistor array according to
claim 22, wherein thermal diffusion utilizing, as a. diffusion source, a
conductive element connected to the semiconductor material film and
formed in advance is employed to diffuse a constituent element of the
conductive element into specified regions of the semiconductor material

film.

26. The method of producing a thin film transistor array according to |
claim 22, wherein, before the adding of the impurity, the semiconductor

material film contains a specified amount of an impurity.

27. A method of producing a thin film transistor array according to
claim 22, comprising the steps of:
fornﬁng a semiconductor material film over the substrate; .
processing the semiconductor material film into a shape containing
regions where semicbndudtor layers of thin film transistors and
~ pixel electrodes connected to' the semiconductor layers are to be
formed;
forming an insulating layer over the processed semiconductor material
ﬁlm;_
forming a metal film over the insulating layer;

processing the metal film into a shape of a) gate electrodes over regions

AR
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of the semiconductor material film where channel portions are to
be formed and b) gate signal lines connected to the gate electrodes;
forming an iné'ulating oxide film over éxposed surfaces of the processed
metal film to obtain gate electrodes and éate signal lines; .
prbcéssing the semiconductor material film into channel portions,
soﬁrce portions, drain p(_)rtio.ns,' and pixel electrodes by addiﬁg a
p-type or n-type impurity to the .'semiconductor material film using
the gate electrodes as a mask;
" forming a conductive film over the substrate having the processed
semiconductor material film formed thereon; and
g processing. the conductive .ﬁlm to form sourcé .signal lines connecfed to

the source portions.

28. The method of producing a thin film transistor array according to
claim 27, wherein in the step of processing the conductive film, the
conductive film is processed to also form additional pixel electrodes

connected to the plxel electrodes.

29. The method of producing a thin film transistor array according to

~ claim 27, wherein the pixel electrodes are comb-shaped, and in the step of

processing the metal film, the metal film is processed to also form
comb-shaped counter electrodes, each forming a pair with one of the pixel

electrodes.

30. The method of producing a thin film transistor array according to

claim 27, wherein the insulating oxide film is formed by anodic oxidation.
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31. The method of producing a thin film transistor array according to

claim 27, wherein the metal film is composed of aluminum or an aluminum

I alloy.

32. - The method of producing a thin film transistor array according to
claim 27, further comprising a step of forming an undercoat layer
comprising an inorganic substance over the substrate before the step of

forming a semiconductor material film.

33. The method of producing a thin film transistor array according to
claim 27, further comprising a step of forming a passivation layer
comprising an inorganic substance over the substrate having the source

éignal lines formed thereon.

34. The method of producing a thin film transistor array according to
claim 22, comprising the steps of:

forrﬁing a condupﬁve film over the substrate; o

procéssing the conductive film to forrh gate electrodes of the thin film
transistors and gate signal lines gonnected to the gate electrodes;

forming an .insulating film over the substrate having the gate
electrodes and the gate signal lines formed thereon; |

forming a semiconductor material film over the insulating film;

processing the semiconductor ;natérial film into a shape containing
regions where semiconduqtor layérs of the thin film transistors and

pixel electrodes connected to the semiconductor layers are to be

- formed;

BT



47

processing the semiconductor mate’riél film into channel portions,
source portions, drain portions, and pixel electrodes by adding a
p-type or n-type impurity in.to the semiconductor material film
using a mask over regions where the channel portion; of the

5 | semiconductor layers are to be formed;

-forming a conductive film over the substrate having the processed
semiconductor material film formed thereon; and

processing the conductive film to form source signal lines connected to

the source portions.

10 35. The method of producing a thin film transistor array according to
claim 34, wherein in the step of processing the conductive film, the
conductive film is processed to also form additional pixel electrodes

connected to the pixel electrodes.

36. - The method of producing a thm film transistor array according to

15 claim 34, wherein the pixel elecf:rodes are comb-shaped, and in the stép-of
processing the metal film, the metal film is processed tb also form
comb-shaped counter electrodes, each fbrming a pair with one of the pixel

electrodes.

37. The method of producing a thin film transistor array acco_rd.ing to
20 claim 34, wherein:
the Iiixel electrodes are comb-shép_ed; and
the method further compﬁsesi

‘forming an insulating layer over the substrate having the source signal

/.
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lines formed thereon; and
forming comb-shaped: counter electrodes on the insulating layer, each

forming a pair with one of the pixel electrodes.

38. The method of producing a thin film transistor array according to
5- claim 34, further comprising a step of forming an undercoat layer composed
of an inorganic substance over the substrate before the step of forming a

conductive film.

39. The method of producing a thin film transistor array according to
claim 34, further comprising a step of forming a passivation layer composed
10 ofan inorgénic substance over the substrate having the source signal lines

formed thereon.

40. The method of prodﬁcing a thiﬁ film transistor array according to
claim 22, comprising the steps of:
forming a. metal film over th.e substrate;
15 forming an insulating film over the substrate having the metal film
| formed thereon; | |

processing the metal film énd the insulating film into a pattern
substantially correéponding to gate signal lines, gate electrodes
connected to the gate signal lines, and components of source signal

20 lines not in regions of infe-r_sectibn with the gate signal lines.;
forming an insulating oxide film by oxidizing exposed side surfaces of
the metal film frbm which the gate signal lines and the gaté

electrodes are to be processed, whereby the gate signal lines and -

O



49

the gafe electrodes are obtained;
forming a semiconductor material film over the substrate;
forming channel portions and pixel electrodes by adding a p-type or
n-type impurity to the semiconductor material film usiI;g a mask
5 | over regions where the channel portions are to be formed, the mask
having openings for regions where the pixel electrodes and the
members connecting the components of the source 31gna1 lines are

to be formed.

41. The method of producing a thin film transistor array according to
10 claim 40, wherein:

the pixel elec;trodes are comb-shaped, and in the step of processing the
metal film and the insulating film, the m_et_al film is prdcessed to
also form comb-shaped counter electrodes, each forming a pair with

one of the pixel _electrodés; and
15 in the step of forming channel regions and pixel dectr_oaes, connecting
members for electrically connecting a plurality of the counter

electrodes to one another are also formed.

42. The method of producing a thin film transistor array according to

claim 40, wherein;

20 the pixel electrodes are comb-shaped: énd l I!IIIICI "ll!!“l'!l "Ilsl " |!I|

the method further comprises the steps of:
forming a -passivation layer over the substrate having the pixel
electrodes formed thereon; and

forming counter electrodes on the passivation layer, each forming a
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pair with one of the pixel electrodes.

43. The method of producing a thin film transistor array according to

claim 40, wherein the insulating oxide film is formed by anodic oxidation. .

44. The method of producing ‘a thin film transistor ‘array according to
claim 40, wherein the metal film is composed of aluminum or an aluminum

alloy.

45. The method of producing a thin film transistor array according to
claim 40, further comprising a step of forming an undercoat layer composed
of an inorganic substance over the substrate before the step of forming a

metal film.

46. The method of producing a thin film transistor array according to
claim 40, further comprising a step of forming a passivation layer composed
of an inorganic substance over the substrate having the pixel electrodes

formed thereon.

47. A metﬁod of producing a thin film transistor array comprising an
insulating substrate; thin film trénsistors disposed on the substrate in a
matrix, each of the thin film transistors comprising a semiconductor layer
having a channel portion, a source portion,. and a drain portion; source
signal lines each for suppiying a source signal to a giv‘en column of the thin
film transistors; gate signal lines each for supplying a gate signal to a
given row of the thin film transistors; and pixel electrodes each connected.
to the drain portion of one of the thin film transistors, wherein source

signal lines and pixel electrodes are formed so as to be directly connected to

A
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exposed source portions and drain portions-of semiconductor layers formed

on the substrate.

48. | The method of produciné a thin film transistor array according to
claim 47, comprising the steps of:

forming-a semiconductor material film over the substrate;

processing the semiconductor material film into a shape containing
regions where seﬁcbnductor layers of thin film transistors are to
be formed;

foi'ming_ an insulating layer over the processed semiconductor material
film; |

forming a metal film over the insulating layer;

processing the metal film into a shépe, of a) gate electrodes of the thin
film transistors over regions of the semiconductor material ﬁlm
where channel portipns' are to be formed and b) gate signal lines
connected to the gate electrodes;

forming an insulating oxide .ﬁlm over exposed sx_xrfaces of the processed
metal film to obtain gate electrodes and gate signal lines;

processing the semiconductor material film into channel portions,
source poi'tions, and drain portions by adding a p-type or n-type
impurity to the semicondu;:tfor. material film using the gate
electrodes as a mask;

forming a conductive film over the sub_strate having the processed
semiconductor material film formed thereon; and |

| processing the conductive film to form source signal lines connected to
_
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the source portions and pixel electrodes directly connected to the

drain portions.

.49. The method of producing a thin film transistor array according. to
claim 48, wherein the pixel electrodes are comb-shaped; and.
the method further comprises the steps of:
forming an insulating layer oﬂrer .the substrate having the pixel
electrodes formed thereon; and
forming comb-shaped counter electrodes, each forming a pair with one

of the pixel electrodes, over the insulating layer.

50. The method of producing a thin film transistor array according to

claim 48, wherein the insulating oxide film is formed by anodic oxidation.

51. The method of producing a thin film transistor array according to
claim 48, wherein the metal film is composed of aluminum or an aluminum

alloy.

52. The method of producing a thin film transistor array according to
claim 48, further comprising a step of forming an undercoat layer composed
of an inorganic substance over the subSi_:rate before the step of forming a

semiconductor material film over the substrate.

53. The method of producing a thin film transistor array according to

claim 48, further comprising a step of forming a passivation layer composed

_ of an inorganic substance over the substrate having the pixel electrodes

formed thereon.
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54. The methbd of forming a thin film transistor array according to
claim 47, comprising the steps of:
forming a conductive film over the substrate;
processing the conductive film to form gate electrodés of thin film
transistors and gate signal lines connected to the gate electrodes;
forming an insulating _ﬁhﬁ over the substrate having the gate
) electrodes and the signal lines formed thereon;
forming a semiconductor material film over the insulating film;

. processing the semiconductor material film into a shape containing
regions where the semiconductor léyers of the thin film transistors
are to be formed;

processing the semiconductor material film into channel portions,
source portions, and drain portions by adding a p-.type or n-type
impurity to the semiconductor material film using a mask over
| régions where the channel portions of the thin film transistors are
to be formed; |
.forming a conductive film over the substrate having the proceséed
semiconductor material film formed thereon; and
processing the conductive film into a specified pattern to form source
signal hnes connected to the source portions and pixel' electrodes

connected to the drain portions.

55. The method of producing a thin film transistor array according to

claim 54, wherein the pixel electrodes are comb-shaped; and

—_—
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forming an insulating layer over the substrate having the pixel
‘electrodes formed thereon; and
forming comb-shaped counter electrodes on the insulating layer, each

forming a pair with one of the pixel electrodes.

56. The method of forming a thin film transistor array according to
claim 54, further comprising the step of forming an undercoat layer
composed of an inorganic substance over the substrate before the step of

forming a conductive film over the substrate.

57. The method of producing a thin film transistor array according to
claim 54, further comprising a step of forming a passivation layer composed
of an inorganic substance over the substrate having the pixel electrodes

formed thereon.

58. A display panel comprising an array substrate, a counter substrate,
and a liquid crystal layer sandwiched between the array substrate and thé
counter substrate, the array substréte comprising:

an insulating substrate;
thin film transistors disposed on the substrate in a matrix, each of the
thin film transistors compﬁsing a semiconductor layer having a
- channel portion,.‘ a source portion, ahd a drain portion;
source signal lines each for supplyiﬁg a source signal to a given column
of the thin film transistors;

gate signal lines each for supplying a gate signal to a given row of the

thin film transistors; and
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pier electrodes each connected to the drain portion of one of the thin
film transistors and containing a semiconductor material the same .

.as a material of the semiconductor layer of each of the thin film

transistors.

59. A display panel éomprisingi

an insulating substrate;

thin film ‘transistors disposed on the Substrate in a matrix, each of fhe
thin film transistors comprising a seminonductor layer having a
channel portion, a source po_rtion,_ and a drain portion;

source signal lines each for supplying a source signal to a given column

| of the thin film transistors;

gate signal lines each for supplying a gate signal to a given row of the -
thin film transistors; ‘.

pixel electrodes each connected tp the drain pbrtion of one of the thin
film transistors and containing a semiconductor material the same
as a material of the.semiconductor lnyer of each of the thin film -
transistors;

- an electroluminescent layer stack_ed' on the pixel electrodes; and

a counter electrode stacked on the electroluminescent layer.
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