
DISPLAY DEVICE AND METHOD FOR PRODUCTION THEREOF  BACKGROUND OF THE
INVENTION 1. Field of the Invention: The present invention relates to a
display device in  thin film form and a method for production thereof. More
particularly, the present invention relates to a new dis- play device
including a transparent conductive film and an  aluminum alloy film as
constituents, which are used for  flat panel displays (such as liquid
crystal display) of  active or passive matrix type, reflecting film, and
optical  parts, and a method for production thereof. 2. Description of the
Related Art: A liquid crystal" display device of active matrix type  is
composed of two mutually opposing substrates and a liq- uid crystal layer
held between them. It relies on thin  film transistors (TFT) as switching
devices. The first  substrate has a transparent conductive film and an array
of  TFTS connected to scanning lines and signal lines. The  second
substrate, which is a certain distance away from the  first one, has a
common electrode. By contrast, a liquid  crystal display device of passive
matrix type is also com- posed of two mutually opposing substrates and a
liquid  crystal layer held between them. The first substrate for  wiring has
scanning lines and signal lines. The second  substrate, which is a certain
distance away from the first  one, has a common electrode. The transparent
conductive 1 film is formed from indium tin oxide (ITO) which is indium  



oxide (In2O3) doped with about 10 wt% of tin oxide (SnO). The signal lines
are formed from pure aluminum or  aluminum alloy (such as Al-Nd), and they
are electrically  connected to the transparent conductive film via
refractory  barrier metal such as Mo, Cr, Ti, and W. However, omission  of
barrier metal for direct connection of the signal lines  to the transparent
conductive film is now under study. It is shown in Patent Document 1 that
direct contact  between signal lines and transparent conductive film is
possible if the latter is formed form IZO (indium oxide  doped with about 10
wt% of zinc oxide). It has been confirmed that contact resistance between
the signal lines and the transparent conductive film can be  kept low even
though the above-mentioned refractory metal  is omitted so long as the drain
electrode undergoes surface  treatment by exposure to plasma or by ion
implantation (as  disclosed in Patent Document 2) or the gate, source, and
drain electrodes have two-layered structure, with the sec- ond layer
containing an impurity such as N, 0, Si, and C  (as disclosed in Patent
Document 3). Patent Document 1: Japanese Patent Laid-open No. Hei-11-337976
Patent Document 2: Japanese Patent Laid-open No. Hei-11-283934  Patent
Document 3: Japanese Patent Laid-open No. Hei-11-284195  2 OBJECT AND
SUMMARY OF THE INVENTION 



The conventional technology mentioned above necessi- tates the presence of
barrier metal in order to avoid di- rect contact between signal lines
(formed from aluminum or  aluminum alloy) and the transparent conductive
film because  direct contact increases contact resistance and deterio- rates
display quality. This problem arises from the fact  that aluminum is easily
oxidized by oxygen in the atmos- phere and also by oxygen which is released
or added when  the transparent conducive film (in the form of metal oxide)
is formed. This oxidation forms a surface layer of high- resistance aluminum
oxide. The insulation layer thus  formed in the interface between the signal
lines and the  transparent conductive film increases the contact resis-
tance between them and deteriorates the display quality. Barrier metal is
originally intended to protect alumi- num alloy from surface oxidation and
to achieve good con- tact between the aluminum alloy film and the
transparent  conductive film. The conventional structure (having bar- rier
metal formed on the contact interface) inevitably  needs a barrier metal
forming step. This means that the  production facility needs a chamber to
form the barrier  metal film in addition to the sputtering apparatus to form
the gate, source, and drain electrodes. Such an additional  apparatus
increases production cost and decreases produc- tivity to an unignorable
extent in mass production of low- price liquid crystal panels. 3 For this
reason there has recently arisen a demand for  



a new material and process that permit the omission of  barrier metal. This
demand, however, is not met by the  technologies disclosed in Patent
Documents 2 and 3 men- tioned above. The former needs an additional step for
surface treatment and the latter also needs additional  steps although it
can form the gate, source, and drain  electrodes continuously in the same
chamber. This advan- tage is cancelled by the necessity of frequent
suspension  for maintenance to clean the chamber after continuous op-
eration for a certain period of time. (Film sticking to  the inside of the
chamber peels off because it varies in  the coefficient of thermal expansion
depending on the con- tent of impurities.) The technology disclosed in
Patent  Document 1 requires the replacement of ITO film (which is  most
common at the present time) by IZO film, and this  leads to an increase in
material cost. With the foregoing in mind, the present inventors  carried
out extensive studies to establish a new technology  which permits direct,
secure contact between the aluminum  alloy film and the transparent
conductive film without  barrier metal in a simple process and which also
provides a  material having both good electrical properties (low resis-
tivity and low contact resistance) and good hillock and  void resistance,
said material being used in common for the  reflecting electrode and TAB
connecting electrode in the  display device. As the result, the present
inventors de 4 veloped a new technology which permits direct contact be- 



tween the wiring and the transparent conductive film, with  no refractory
metal interposed between them, and they had  filed it for patent (Japanese
Patent Application No. 2002- 368786). The present inventors continued their
investigation  for further improvement from a different point of view. It
is an object of the present invention to provide a technol- ogy for aluminum
alloy wiring which will realize a contact  superior in stability and
long-term reliability to that of  the previously filed technology. The
display device according to the present invention,  which was developed to
tackle the above-mentioned problem,  is composed of a substrate, thin film
transistors and a  transparent conductive film which are formed on the sub-
strate, and an aluminum alloy film which electrically con- nects the thin
film transistors to the transparent conduc- tive film. Between the aluminum
alloy film and the trans- parent conductive film is an oxide film of said
aluminum  alloy. The oxide film has a thickness of 1 to 10 nm and  contains
oxygen in an amount no more than 44 atom%. The above-mentioned aluminum
alloy film should pref- erably contain at least one species of alloy
component  selected from Au, Ag, Zn, Cu, Ni, Sr, Sm, Ge, and Bi in an
amount of 0.1 to 6 atom%, with Ni being most desirable. The above-mentioned
aluminum alloy film may addition- ally contain at least one species of alloy
component se- 5 lected from Nd, Y, Fe, Co, Ti, Ta, Cr, Zr, and Hf in an  



amount of 0.1 to 6 atom%. The aluminum alloy film containing Ni (as an alloy
component) should vary in Ni content across its thickness.  in its surface
layer (0.5 to 10 nm thick) the Ni content  should be higher than twice the
average Ni content. The aluminum alloy film effectively functions as a
reflecting film or TAB connecting electrode in the display  device. The
transparent conductive film should preferably  be formed from indium tin
oxide (ITO) or indium zinc oxide  (IZO). It is another object of the present
invention to pro- vide a display device of passive matrix type, which is
com- posed of a substrate and a transparent conductive film  formed thereon.
The transparent conductive film is, elec- trically connected via an aluminum
alloy film. In the  interface between the aluminum alloy film and the
transpar- ent conductive film is an oxide film of the aluminum alloy,  which
has a thickness of 1 to 10 nm and contains oxygen in  an amount no more than
44 atom%. The display device according to the present invention  can be
produced easily by forming an aluminum alloy film on  a substrate and then
forming a transparent conductive film  on the aluminum alloy film in two
steps. The first step is  carried out in a non-oxidizing atmosphere, with
the sub- strate kept at a high temperature. The second step is  carried out
in an oxygen-containing atmosphere. 6 The present invention realizes direct
contact (without  



barrier metal) between the aluminum alloy film and the  transparent
conductive film under stable control. Thus it  economically provides a
display device excelling in per- formance and long-term reliability. BRIEF
DESCRIPTION OF THE DRAWINGS Fig. 1 is a schematic enlarged sectional view
illus- trating the structure of the liquid crystal panel used for  the
liquid crystal display device according to the present  invention. Fig. 2 is
a schematic enlarged sectional view illus- trating the structure of the
thin-film transistor formed on  the substrate (according to the first
embodiment of the  present invention). Fig. 3 is a diagram illustrating a
step of producing  the array of transistors on the substrate shown in Fig.
2.  Fig. 4 is a diagram illustrating a step of producing the array of
transistors on the substrate shown in Fig. 2.  Fig. 5 is a diagram
illustrating a step of producing  the array of transistors on the substrate
shown in Fig. 2. Fig. 6 is a diagram illustrating a step of producing  the
array of transistors on the substrate shown in Fig. 2.  Fig. 7 is a diagram
illustrating a step of producing the array of transistors on the substrate
shown in Fig. 2.  Fig. 8 is a diagram illustrating a step of producing  the
array of transistors on the substrate shown in Fig. 2. Fig. 9 is a diagram
illustrating a step of producing  7 the array of transistors on the
substrate shown in Fig. 2.  



Fig. 10 is a diagram illustrating a step of producing the array of
transistors on the substrate shown in Fig. 2.  Fig. 11 is a graph in which
the contact resistance and  electric resistivity are plotted against the
oxygen content  in the oxide film which is formed in the interface between
the aluminum alloy film and the transparent conductive film  of ITO. Fig. 12
is a graph showing how the oxide film on pure  aluminum or aluminum alloy
containing 2 atom% of Ni varies  in thickness during storage in the
atmosphere. Fig. 13 is a TEM photograph showing the oxide layer  and the
Ni-concentrated layer which are formed in the in- terface of direct contact
between the transparent conduc- tive film of ITO and the aluminum alloy
containing 2 atom%  of Ni. Fig. 14 is a graph showing how the contact
resistance  and the thickness of the oxide film vary depending on the  Ni
content in the Ni-concentrated layer. Fig. 15 is a graph showing how the
contact resistance  and the oxygen content vary depending on the Ni content
in  the Ni-concentrated layer. Fig. 16 is a schematic enlarged sectional
view illus- trating the structure of the thin-film transistor formed on  the
substrate (according to another embodiment of the pre- sent invention). Fig.
17 is a diagram illustrating a step of producing  8 the array of transistors
on the substrate shown in Fig. 16.  



Fig. 18 is a diagram illustrating a step of producing the array of
transistors on the substrate shown in Fig. 16.  Fig. 19 is a diagram
illustrating a step of producing  the array of transistors on the substrate
shown in Fig. 16. Fig. 20 is a diagram illustrating a step of producing  the
array of transistors on the substrate shown in Fig. 16.  Fig. 21 is a
diagram illustrating a step of producing the array of transistors on the
substrate shown in Fig. 16.  Fig. 22 is a diagram illustrating a step of
producing  the array of transistors on the substrate shown in Fig. 16. Fig.
23 is a diagram illustrating a step of producing  the array of transistors
on the substrate shown in Fig. 16.  Fig. 24 is a diagram illustrating the
Kelvin pattern used to measure contact resistance between the aluminum
alloy film and the transparent conductive film.  DESCRIPTION OF THE
PREFERRED EMBODIMENTS The present invention realizes direct contact between
the transparent conductive film and the aluminum alloy film  by reducing the
electrical resistivity (or increasing the  electrical conductivity) of the
aluminum oxide layer which  is formed when they are brought into contact
with each  other. The reduction of electrical resistivity of the  aluminum
alloy oxide layer is effectively accomplished by  controlling its thickness
and oxygen content at the inter- face. Incidentally, the conventional
technology is designed  9 to bring pure aluminum or Al-Nd alloy into direct
contact  



with the transparent conductive film. The result is non- ohmic contact with
a high contact resistance. The reason  for this is that an aluminum oxide
film, which is formed in  the contact interface, is thick and has as high a
resis- tance as aluminum oxide (A1203) of stoichiometric composi- tion. The
present invention differs from the conventional  technology mentioned above
in that the aluminum alloy layer  contains at least one element (as alloy
component) selected  from the group consisting of Au, Ag, Zn, Cu, Ni, Sr,
Sm, Ge,  and Bi, particularly Ni in an adequate amount. These alloy
components protects aluminum from oxidation when the trans- parent
conductive film is formed and imparts conductivity  to the aluminum alloy
oxide layer. These alloy components  should preferably be concentrated at
the contact interface.  This contributes to highly stable, reliable contact
charac- teristics (or low contact resistance) for alloys of differ- ent
composition. The result is a high-quality liquid crys- tal display device
and a considerable reduction in produc- tion cost and manufacturing steps.
The display device according to the present invention  will be described in
more detail with reference to the  accompanying drawings, which are not
intended to restrict  the scope of the invention. The present invention may
be  changed and modified within the scope thereof. The aluminum alloy film
specified in the present in- 10 vention may also be applied to a display
device of passive  



matrix type (which has no thin film transistors), a re- flecting electrode
for liquid crystal display device of  reflection type, and a TAB connecting
electrode for signal  input and output. However, description of their
embodi- ments is omitted hereinafter. Fig. 1 is a schematic enlarged
sectional view illus- trating the structure of the liquid crystal panel used
for  the liquid crystal display device according to the present  invention.
The liquid crystal panel shown in Fig. 1 is made up of  a substrate 1 (with
TFT array), an opposing substrate 2  (opposite to substrate 1), and a liquid
crystal layer 3  (which is held between the two substrates 1 and 2 and func-
tions as a light modulating layer). The substrate 1 (with  TFT array) is
composed of an insulating glass substrate la,  thin film transistors (TFT) 4
arranged thereon, a transpar- ent conductive film 5, and a wiring part 6
including scan- ning lines and signal lines. The opposing substrate 2 is
composed of a common elec- trode 7 (formed on the entire surface of the
substrate 1  with TFT array), a color filter 8 opposite to the transpar- ent
conductive film 5, and a light shielding film 9 oppo- site to the TFTs 4 (on
the substrate 1) and the wiring part  6. On the outsides of the substrate 1
(with TFT array)  and the opposing substrate 2 are arranged polarizers 10
and  11 10. On the inside of the opposing substrate 2 is arranged  



an alignment layer 11 which orients the liquid crystal  molecules in the
liquid crystal layer 3. The liquid crystal panel constructed as mentioned
above works in the following manner. An electric field is  formed between
the opposing electrode 2 and the transparent  conductive film S. It controls
the direction of alignment  of the liquid crystal molecules in the liquid
crystal layer  3, thereby modulating the light passing through the liquid
crystal layer 3 between the substrate 1 (with TFT array)  and the opposing
substrate 2. The thus modulated light  develops images. The TFT array is
driven by the driver circuit 13 and  control circuit 14 through the TAB tape
12 led outside.  There are shown in Fig. 1 a spacer 15, a sealing mate rial
16, a protecting film 17, a diffuser 18, a prism sheet  19, a light guide
plate 20, a reflector 21, a back light 22,  a supporting frame 23, and a
printed circuit board 24. They will be explained later. Fig. 2 is a
schematic enlarged sectional view illus- trating the structure of the
thin-film transistor formed on  the substrate 1 (according to the first
embodiment of the  present invention). As shown in Fig. 2, on the glass sub-
strate la is formed scanning lines 25 of aluminum alloy  film. A portion of
the scanning lines 25 functions as the  gate electrode 26 to control (or
turn on and off) the thin  film transistors. Signal lines of aluminum alloy
film are 12 formed such that they intersect the scanning lines 25, with  



the gate insulating film 27 interposed between them. A  portion of the
signal lines functions as the source elec- trode 28 of the thin film
transistor. This structure is  usually referred to as bottom gate type. On
the gate insulating film 27 is the pixel region, in  which is arranged the
transparent conductive film 5 formed  from ITO (which is In2O3 doped with
SnO) The drain elec- trode 29 of the thin film transistor is formed from
alumi- num alloy film, and it is electrically connected (through  direct
contact) to the transparent conductive film S. The gate electrode 26 of the
thin film transistor is  supplied with gate voltage through the scanning
line 25, so  that the thin film transistor is turned on. In this state,  the
drive voltage, which has previously been supplied to  the signal line, is
supplied to the transparent conductive  film 5 through the drain electrode
29. When the transpar- ent conductive film 5 is supplied with the drive
voltage at  a prescribed level, a potential difference occurs between  the
opposing electrodes 2, as explained above with refer- ence to Fig. 1. This
potential difference orients the  liquid crystal molecules in the liquid
crystal layer 3,  thereby bringing about light modulation. The substrate 1
(with TFT array) shown in Fig. 2,  which accords with the first embodiment,
is produced in the  following manner briefly described with reference to
Figs.  3 to 10. Incidentally, the thin film transistor as the 13 switching
device is an amorphous silicon TFT in which the  



semiconductor layer is formed from hydrogenated amorphous  silicon. First,
the glass substrate la is coated with an alumi- num alloy thin film (about
200 nm thick) by sputtering.  The aluminum alloy thin film is patterned (by
etching) to  form the gate electrode 26 and the scanning line 25, as  shown
in Fig. 3. Etching should be carried out so that the  gate electrode 26 and
the scanning line 25 have their edges  tapered at an angle of 45 to 60
degrees. (This facilitates  the coverage of the gate insulating film 27 as
mentioned  below.) The gate insulating film 27 (about 300 nm thick)  is
formed from silicon oxide (SiOX) by plasma CVD. On the  gate insulating film
27 are formed the hydrogenated amor- phous silicon film (a-Si:H) (about 50
nm thick) and the  silicon nitride film (SiNx) (about 300 nm thick). Next,
the silicon nitride film (SiNx) is patterned by  back exposure through the
gate electrode 26 as the mask, as  shown in Fig. 5. The silicon nitride film
remaining after  patterning becomes the channel protecting film. On the
channel protecting film is formed the n'-type hydrogenated  amorphous
silicon film (n+a-Si:H) (about 50 nm thick) which  is doped with phosphorus.
Patterning is performed on both  the hydrogenated amorphous silicon film
(a-Si:H) and the  n+-type hydrogenated amorphous silicon film (n+a-Si:H), as
shown in Fig. 6. On the top of the patterned film is formed an aluminum  14
alloy film (about 300 nm thick), which is subsequently  



patterned as shown in Fig. 7. In this way the source elec- trode 28
(integral with the signal line) and the drain  electrode 29 are formed. (The
drain electrode 29 is to  come into contact with the transparent conducive
film 5  later.) The n'-type hydrogenated amorphous silicon film  (n+a-Si:H),
which is on the channel protecting film (SiNx),  is removed by etching
through the source electrode 28 and  the drain electrode 29 as the mask. The
silicon nitride film 30 (about 30 nm thick) is  formed by plasma CVD at
about 260C, as shown in Fig. 8. It functions as a protective film. On this
silicon nitride  film 30 is formed the photoresist layer 31, and patterning
by dry etching is performed on the silicon nitride film 30  through the
photoresist layer 31, so that the contact hole  32 is formed. Simultaneously
with this step, another con- tact hole (not shown) is formed at that part of
contact  with the TAB on the gate electrode at the panel edge. The
photoresist layer 31 is removed by ashing with  oxygen plasma and subsequent
cleaning with an amine solu- tion, as shown in Fig. 9. Within 8 hours of
standing, the  ITO film (about 40 nm thick) is formed, and it is patterned
to form the transparent conductive film 5, as shown in Fig.  10. At the same
time, the ITO film is patterned for bond- ing with the TAB of the gate
electrode at the panel edge.  In this way the substrate (with TFT array) is
completed. According to the present invention, the ITO film con- 15
stituting the transparent conductive film 5 is formed by  



sputtering on the aluminum alloy film constituting the  drain electrode 29
etc. in such a way that a conductive  oxide film is formed in the interface
between the aluminum  alloy film and the transparent conductive film 5. For
this  purpose, it is desirable to form the ITO film in two or  more stages
in the following manner. With the substrate  kept at 100-200C, the ITO film
(5 to 20 nm thick, prefera- bly about 10 nm thick) constituting the
transparent conduc- tive film 5 is formed by sputtering in a non-oxidizing
gas  atmosphere (such as oxygen-free argon), so that the surface  of the
aluminum alloy film is not oxidized. The resulting  ITO film (with a low
oxygen content) has a low conductiv- ity; however, if the substrate is
heated at an adequate  temperature during the process, the ITO film
increases in  crystallinity to compensate for decrease in conductivity. With
the substrate kept at the above-mentioned tem- perature, the film-forming
process is continued in an oxy- gen-containing gas until the film thickness
reaches about  20 to 200 nm (preferably about 40 nm). The oxygen containing
gas should preferably be composed of argon at 1  to 5 mTorr (preferably
about 3 mTorr) and oxygen at 10 to  50 Torr (preferably about 20 Torr). It
was confirmed  that the ITO film formed under this condition has the low-
est electrical resistance (about 1 x 10-4 Q -cm or less).  The same effect
as above is also produced even when oxygen  is replaced by hydrogen. The
process for forming the ITO 16 film by sputtering is carried out in two
stages (or multi- 



ple stages), with the oxygen content varied in the atmos- phere gas. In this
way it is possible to form the ITO film  having a sufficiently high
conductivity while preventing  the aluminum alloy film from oxidation in the
initial stage  of ITO film formation. Incidentally, the ITO film formed at a
low temperature  is amorphous, but the one formed at a high temperature is
polycrystalline and has a high conductivity. Moreover, the  later
film-forming stage in an oxygen-containing atmosphere  gas contributes to
high conductivity. In the meantime, the present inventors have found that
Al-Ni alloy and pure aluminum are not very different in the  oxygen content
and thickness of the oxide film formed by  natural oxidation (as shown in
Fig. 12). Nevertheless,  there occurs difference between them after the ITO
film has  been formed on them. This suggests that the final state of
oxidation of the oxide film on the aluminum alloy film is  determined when
the ITO film (constituting the transparent  conductive film) is formed.
Moreover, it seems that the  morphology of oxide film varies depending on
the alloying  element (such as Ni) added to aluminum. Therefore, if the
alloying element is adequately selected and the ITO film is  formed under
adequate conditions so that the oxide layer  has an adequate oxygen content
and an adequate thickness,  then it will be possible to realize a low,
stable contact  resistance. 17 Incidentally, it was found that when the ITO
film is  



formed under the above-mentioned condition, the contact  resistance between
the ITO film and the Al-Ni alloy film  (containing 2 atom% Ni) is 2 to 17
12, whereas the contact  resistance is higher than 750 12 when the ITO film
is  formed in one stage without the substrate being heated (in  other words,
an oxygen-containing atmosphere gas is em- ployed from the beginning to form
the ITO film). This  suggests that the two-stage film-forming process
mentioned  above is extremely effective in lowering the contact resis-
tance. The above-mentioned effect may also be produced by  using any other
alloying elements than Ni, such as Au, Ag,  Zn, Cu, Sr, Sm, Ge, and Bi. More
than one species of them  may be used, in combination with the
above-mentioned two- stage process, to significantly lower the contact
resis- tance. Incidentally, the invention disclosed in Japanese  Patent
Application No. 2002-368786 (filed by the present  inventors) yields, unlike
the present invention, the alumi- num alloy oxide film in the contact
interface which has a  high oxygen content (equivalent to a stoichiometric
amount  of oxygen in Al2O3) and hence has a high contact resistance  because
the oxygen content in it is not positively con- trolled. The former process,
therefore, required an addi- tional step of performing overetching on the
oxide film,  removing the oxide film by means of a peeling solution, or 18
causing a metal compound to separate out in the interface  



in contact with the ITO film, in order to reduce the con- tact resistance at
the interface. However, the present  invention does not need such steps
because it is designed  to reduce contact resistance by controlling the
oxygen  content in the oxide film present at the interface. The reduction of
contact resistance which is achieved  by employing an oxygen-containing
atmosphere in the initial  stage is enhanced if the substrate is heated
while the ITO  film is being formed. In fact, the contact resistance is
reduced from 750 Q (without substrate heating) to 250 Q  (with substrate
heating). Although the ITO film decreases  in contact resistance by about 3
to 33 0 if it is formed  in an oxygen-free atmosphere without the substrate
heating,  it in itself has a high resistivity of about 8 x 10-4 Q cm. The
present invention employs the two-stage film- forming process as mentioned
above so as to reduce the  contact resistance of the interface between the
aluminum  alloy film and the ITO film formed thereon and to keep low  the
resistivity of the ITO film itself. There is a con- ceivable method for
improving the conductivity of the ITO  film by incorporating the atmosphere
gas with steam or  hydrogen in place of oxygen. Steam works as an oxidizing
gas under the specific heating condition, thereby effec- tively oxidizes the
aluminum alloy film like oxygen. As mentioned above, the present invention
specifies  the species of alloying element in the aluminum alloy film  19
and controls the film forming conditions for the ITO film  



to be formed on the aluminum alloy film in order to improve  the
characteristic properties of the oxide film (at the  contact interface) and
the ITO film. This permits direct  contact without the necessity of removing
oxide film from  the contact interface. As will be detailed later, the
present invention re- quires that the aluminum alloy oxide film at the
contact  interface should contain oxygen in an amount no more than  44
atom%, preferably no more than 42 atom%, and have a  thickness in the range
of 1 to 10 nm, preferably 2 to 8 nm,  particularly in the neighborhood of 5
nm. The thus speci- fied oxygen content and thickness minimize the contact
resistance. For this reason, the present invention places  importance on the
proper selection of the alloying elements  constituting the aluminum alloy
film and the control of the  ITO film forming conditions. The substrate
(with TFT array) prepared in the forego- ing manner has thereon the drain
electrode 29 and the  transparent conductive film 5 which are in direct
contact  with each other and also has thereon the gate electrode 26  and the
ITO film (for TAB connection) which are in direct  contact with each other.
Contact resistance between the transparent conductive  film 5 and the
aluminum alloy film constituting the drain  electrode 29 can be
significantly reduced by adequately  controlling the condition under which
the drain electrode 20 29 is formed, if the aluminum alloy film constituting
the  



drain electrode 29 is formed from an Al-Ni alloy (mentioned  above) or any
other aluminum alloys containing 0.1 to 6  atom% of one or more than one
alloy element selected from  Au, Ag, Zn, cu, Sr, Sm, Ge, and Bi.
Incidentally, the reduction of contact resistance  intended by the present
invention is not achieved if the  content of alloying element in the
aluminum alloy film is  less than 0.1 atom%, in which case the oxygen
content is  not sufficiently low in the oxide layer formed in the in-
terface in contact with the transparent conductive film S.  Conversely, if
the amount of alloying element is more than  6 atom%, the aluminum alloy
film in itself increases in  resistance, which decreases the response speed
of pixels,  resulting in an increased power consumption and a deterio- rated
display quality. An adequate content of alloying  element for a trade-off
should be no less than 0.1 atom%,  preferably no less than 0.2 atom%, and no
more than 6 atom%,  preferably no more than 5 atom%. According to the
present invention, the alloying ele- ment may also be selected from Nd, Y,
Fe, Co, Ti, Ta, Cr,  Zr, and Hf in addition to the above-mentioned alloying
elements. These alloying elements should be used in an  amount of 0.1 to 6
atom%, preferably 0.2 to 2 atom%, so  that they prevent hillocks and voids,
thereby increasing  heat resistance (up to 300C or above), mechanical
strength,  and corrosion resistance. Of these alloying elements, Nd, 21 Y,
Fe, and Co are particularly desirable. They suffi- 



ciently decrease the resistivity of the aluminum alloy  wiring as the result
of heat treatment at 300C. The present invention may be embodied in another
way  to further reduce contact resistance between the aluminum  alloy film
and the transparent conductive film S. Accord- ing to this embodiment, the
object of reducing contact  resistance is effectively achieved by forming a
Ni-concen- trated layer in that side of the Ni-containing aluminum  alloy
film which is adjacent to the transparent conductive  film 5. The thickness
of the Ni-concentrated layer should  be no smaller than 0.5 nm, preferably
no smaller than 1.0  nm, and no larger than 10 nm, preferably no larger than
5  nm. The nickel concentration in the Ni-concentrated layer  should be more
than twice, preferably more than 2.5 times,  the average nickel
concentration in the aluminum alloy film.  In the case where the aluminum
alloy film contains any  other alloying element than Ni (such as Au, Ag, Zn,
Cu, Sr,  Sm, and Bi), the Ni-concentrated layer may be replaced by a  layer
containing such an alloying element in a high concen- tration as mentioned
above. The aluminum alloy film containing Ni as an alloying  element causes,
upon heat treatment, Ni to separate out on  the grain boundary of the
aluminum alloy if the amount of  Ni exceeds the limit of solubility (0.1%)
in the aluminum  alloy. Part of the nickel which has separated out diffuses
and condenses in the surface of the aluminum alloy film, 22 thereby forming
the Ni-concentrated layer therein. In  



addition, nickel halides (which have a lower vapor pressure  and hence less
volatile than aluminum) remain on the sur- face of the aluminum alloy film
at the time of etching to  make contact holes. Consequently, the
concentration of Ni  in the surface layer of the aluminum alloy film becomes
higher than that in the aluminum alloy in bulk form. Thus  it is also
possible to control the concentration of Ni in  the surface layer and to
control the thickness of the Ni- concentrated layer by performing etching
under adequate  conditions. The substrate (with TFT array) prepared as
mentioned  above offers its advantage when used for display devices  such as
liquid crystal display devices. The advantage is  that contact resistance is
minimized between the transpar- ent conductive film and the connecting
wiring part. This  leads to improved display quality. Meanwhile, when wiring
of pure aluminum or Al-Nd alloy  is brought into direct contact with the
transparent conduc- tive film according to the conventional process, an
alumi- num oxide film with a high resistance is formed (or non- ohmic
contact is formed) on the contact interface. It is  known from observation
of cross-section with TEM and analy- sis of composition by EDX that the
oxygen content in the  aluminum oxide film formed on the contact interface
is  approximately identical with that of aluminum oxide (Al2O3)  having the
stoichiometric composition. In other words, the 23 oxygen content in the
aluminum oxide layer is 60 atom% 



(Al : 0 = 1 : 1.5) and the thickness of the aluminum oxide  layer is about
6.5 to 7 nm. The contact resistance through  an 80 m square contact hole was
about 150 k(err). This sug- gests that the aluminum oxide film as thin as
6.5 to 7 nm  functions as a high-resistance insulating film in view of  the
fact that Al2O3 with a stoichiometric composition is an  insulator with a
resistivity of about 1014 (err) .cm. That the present invention differs from
the above- mentioned conventional technology was concluded from the  fact
that the aluminum alloy oxide film containing 40.2  atom% of oxygen (Al : 0
= 1 : 0.67) and having a thickness  of 4 to 4.5 nm gives a contact
resistance of 12 [2. In  other words, an aluminum alloy oxide layer which is
rich in  aluminum and has a low oxygen content exhibits the proper- ties of
n-type semiconductor and hence exhibits the elec- trical conductivity
similar to that of metallic aluminum.  Variation of film thickness (about
several nanometers) does  not greatly affect the contact resistance, but a
smaller  thickness is favorable to contact resistance; therefore,  the
thickness of the aluminum alloy oxide film should pref- erably be smaller
than about 10 nm. Fig. 11 is a graph showing how the oxygen content in  the
aluminum alloy oxide film relates to the electric re- sistivity and contact
resistance. It is apparent from Fig.  11 that as the oxygen content in the
aluminum alloy oxide  film exceeds 40 atom% (0/A1 = 0.67), both the contact
re- 24 sistance and the electric resistivity steeply increase.  



That is, 44 atom% (0/A1 = 0.79) for 200 0 and 49 atom%  (O/A1 = 0.96) for
150 k(err). At 56 atom% and above (0/Al =  1.27), ohmic contact changes into
non-ohmic contact. With  a contact resistance higher than 200 0, the display
device  will be poor in quality and yield; therefore, the oxygen  content
should preferably be lower than 44 atom%. Incidentally, the surface of the
aluminum alloy film  is subject to spontaneous oxidation during standing in
the  atmosphere, and oxidation advances further while the ITO  film is being
formed, thereby making a thick oxide film.  The rate at which an aluminum
oxide film grows due to spon- taneous oxidation was measured by XPS (X-ray
photoelectron  spectroscopy). The result is shown in Fig. 12. It is  noted
that there is no substantial difference between pure  aluminum and aluminum
alloy containing 2 atom% of Ni (which  is capable of direct contact). In
other words, both of  pure aluminum and aluminum alloy give an oxide film (3
nm  thick) after standing in the atmosphere for 16 hours, and  the oxide
film contains about 60 atom% of oxygen, which is  equivalent to the
stoichiometric amount (Al : 0 = 1 : 1.5). In order to investigate the factor
that affects the  oxygen content, an ITO film was formed on the surface of
an  aluminum alloy film (containing 2 atom% of Ni) in the same  way as
mentioned above (the two-stage method according to  the present invention),
and the cross section of the con- tact part was observed under a TEM. It was
found that the  25 thickness of the oxide film is 4 to 4.5 nm, which is 4/3
to  



4.5/3 times (or 1.3 to 1.5 times) thicker than that of the  naturally formed
oxide film, and that the oxygen content in  the oxide film is 40.2 atom%.
Since the volume of the  oxide film was increased by 1.3 to 1.5 times,
without oxy- gen being absorbed, after the ITO film had been formed, the
foregoing result suggests that the oxygen content before  ITO film formation
was decreased from about 60 atom% to  about 40 atom% (equal to 60 atom%
divided by 1.5). It is concluded from the foregoing experiment that in
order to decrease the oxygen content in the aluminum alloy  oxide film, it
is important to prevent oxidation of alumi- num that occurs while the ITO
film is being formed. To  achieve this objective, it is necessary to form
the ITO  film in an oxygen-free non-oxidizing atmosphere at least in  the
early stage. The resulting oxide film is considered to  have a resistivity
of about 200 (err)(err) cm and a contact resis- tance of about 12 0, judging
from Fig. 11. It is apparent  that controlling the amount of oxygen absorbed
during ITO  film formation is effective in reducing the contact resis-
tance. A description is given below of the fact that impuri- ties contained
in aluminum alloy oxide film effectively  improve conductivity. It is known
well that (err)-A12O3 becomes an ion-conductive  material (having a
conductivity of about 102 (err)cm) upon  incorporation with an alkali metal,
such as sodium and 26 potassium, as an impurity. This phenomenon is
attributable  



to the fact that alkali metal ions are much smaller than  crystal lattices
of A1203 and hence are capable of free  movement among them. However, upon
entrance into a semi- conductor material such as TFT, alkali metal ions
cause a  trouble as they move in TFT. Another conceivable way to increase
conductivity is to  incorporate the aluminum oxide film with nickel which is
less detrimental than alkali metal to semiconductor ele- ments. A sample of
ITO film in direct contact with an  aluminum alloy film containing 2 atom%
of nickel was pre- pared and analyzed by EDX using a TEM cross-section
sample.  It was found that the content of Ni in the Ni-concentrated  layer
is 4 to 8 atom%, whereas that in the aluminum oxide  layer is at least 2
atom%. When an ITO film is formed on an Al-Ni alloy film, an  aluminum oxide
(AlOx) layer and a Ni-concentrated layer  (about 1 nm thick) occur in the
interface between the two  films, as shown in Fig. 13 which is a TEM
micrograph show- ing an aluminum oxide layer and Ni-concentrated layer that
occur in the interface of direct contact between ITO film  and Al-Ni alloy
film. This suggests that aluminum diffuses  toward the oxide film and Ni
diffuses toward the Al-Ni  alloy film and that Ni remains more than Al
during dry  etching to make contact holes. Once the Ni-concentrated  layer
occurs, it prevents diffusion of aluminum from the  aluminum alloy film,
thereby preventing aluminum oxidation. 27 Fig. 14 is a graph showing how the
thickness (nm) of  



the oxide film and the contact resistance (0) vary depend- ing on the Ni
content in the Ni-concentrated layer. It is  apparent from Fig. 14 that as
the Ni content in the Ni- concentrated layer increases, the thickness of the
aluminum  oxide layer (which is observed after the ITO film has been
formed) decreases. At the same time, the oxygen content  decreases and the
contact resistance also decreases, as  shown in Fig. 15. This suggests that
the Ni-concentrated  layer plays an important role. For the Ni-concentrated
layer to produce its effect as  mentioned above, it is necessary that the
thickness of the  Ni-concentrated layer should be in a range of 1 to 10 nm
and the Ni content in the Ni-concentrated layer should be  more than twice
the Ni content in the Al-Ni alloy layer. Incidentally, in the case where a
pure aluminum layer  or an Al-Ni alloy layer is formed on an ITO film
(opposite  to the structure shown in Fig. 2), ohmic contact may occur,  with
oxidation suppressed in the interface. This is due to  the fact that no
aluminum oxide film with high resistance  occurs in the interface. Upon
oxidation, the Al-Ni alloy forms the Ni-concen- trated layer by the
following mechanism. Aluminum diffuses  through aluminum oxide, reaching the
surface where it com- bines with oxygen to sustain oxidation. By contrast,
Ni  with low solubility in aluminum oxide diffuses into the  bulk of
aluminum alloy to form the Ni-concentrated layer. 28 The Ni-concentrated
layer with a controlled Ni content may  



also be formed by heating or dry etching (which is per- formed on the
aluminum surface in such a way that nickel  remains on the surface). Heating
at 150 to 300C for 1  hour increases the Ni content from 3.1 atom% to 5.1
atom%,  and dry etching increases the Ni content to 10.2 atom%.  These
results were confirmed by Auger electron spectroscopy  to determine the
depth profile. Thus, it is possible to form the Ni-concentrated layer
having a desired thickness and a desired Ni content by the  above-mentioned
methods, which include substrate heating to  form the insulating, surface
treatment of aluminum wiring  with plasma or etching solution (such as acid
and alkali),  and slight etching on the aluminum surface. Incidentally,
direct contact between an ITO film and a  pure aluminum wiring give a
contact resistance of 1.5 x 105  0, and direct contact between an ITO film
and an Al-Nd  alloy wiring (as a typical aluminum alloy) gives a contact
resistance of 8.4 x 105 Q. Indirect contact (of conven- tional structure)
between and ITO film and an Al-Nd alloy  wiring, with a barrier metal (Me)
interposed between them,  gives a contact resistance of 1.0 x 101 Q. By
contrast,  contact resistance of Al-Ni alloy wiring is 1.2 x 101 0,  contact
resistance of Al-Ni-Nd alloy wiring is 1.5 x 101 0,  and contact resistance
of Al-Ni-Y alloy wiring is 1.3 x 101  Q. These values are approximately
equal to those of the  conventional structure that employs Mo as a barrier
metal. 29 The following is about the results of experiments to  



examine the device for durability. A sample representing  direct contact
between ITO and aluminum alloy was kept at  80C and 80% RH in a thermostat
for 120 hours or 240 hours.  The same test as above was performed on a
comparative sam- ple prepared by forming an SiN film on aluminum alloy by
CVD method, making contact holes by dry etching, and fi- nally forming an
ITO film, or a comparative sample prepared  by forming an ITO film directly
on aluminum alloy wiring,  without heat treatment (above 150C) or dry
etching on the  aluminum alloy wiring. It was found that those samples
which had undergone heat treatment (above 150C) or dry  etching remained
unchanged in contact resistance before and  after the test. This was true
for an aluminum alloy con- taining 2 atom% Ni and 0.6 atom% Nd. The
following is about the results of experiments to  test the device for
reliability by observing the change in  contact resistance that occurs after
application of high- density pulse current to the connecting part for a long
period of time. The test sample is a contact hole (80 m  square) consisting
of aluminum alloy and ITO which are in  direct contact with each other. The
test consists of con- tinuously applying 5 mA pulse current (with a constant
pulse width) to the sample in the direction of aluminum  alloy to ITO. The
current of 5 mA is a comparatively large  value equivalent to 78 A/cm2 in
terms of current density  through the contact area. The sample of aluminum
alloy 30 containing 2 atom% Ni and 0.6 atom% Nd, which had undergone  



heat treatment or dry etching, retained its initial contact  resistance of
15 Q after it was tested for 14 hours in the  same way as above. It is known
from the foregoing that a sample consist- ing of ITO film and pure aluminum
wiring which are in di- rect contact with each other has a contact
resistance of  1.5 x 105 El, whereas a sample consisting of ITO film and
aluminum alloy wiring (according to the present invention)  which are in
direct contact with each other has a much  lower contact resistance (about
1/104 of said contact re- sistance). The above-mentioned embodiment was
applied to a trial  product of liquid crystal display device. The trial
prod- uct was comparable in yields and display quality to the  conventional
device which has an ITO film combined with a  barrier metal (such as Mo). In
other words, the present  invention obviates the necessity of barrier metal
to pro- duce display devices comparable to conventional ones. This  helps to
simplify manufacturing steps and to reduce produc- tion cost. The aluminum
alloy film mentioned above may be  used for electrodes in place of
conventional pure aluminum  film, aluminum alloy film, or Mo-W film, to make
direct  contact with the transparent conductive film. This con- tributes to
simplified manufacturing steps and reduced  production cost. The following
is concerned with the display device of  31 passive matrix type to which the
substrate (with TFT array)  



mentioned above is applied. A display device of passive matrix type has
electrode  lines running in vertical and horizontal directions, with  each
line driving pixels. In such a display device, direct  contact with a low
contact resistance is possible between  the aluminum alloy film (for
electrode wiring) and the ITO  film even in the absence of interlayer
insulating film for  electrodes (or even in the case where the electrode
wiring  does not undergo heat treatment that forms intermetallic  compound
as described in the above-mentioned patent appli- cation filed by the
present inventors). The process in  this case does not involve annealing for
aluminum alloy,  contact etching, and etching on the surface of the aluminum
alloy. However, the above-mentioned embodiment involves  heating (which
results from CVD to form SiNx) and slight  etching on the surface of
aluminum alloy (which results  from contact etching on SiNx). By contrast,
the present invention permits direct  contact even though the aluminum alloy
film does not un- dergo heating and etching. Contact resistance of direct
contact between ITO film (constituting the transparent  electrode) and
aluminum alloy containing 2 atom% Ni is 9 Q.  A probable reason for this is
that the alloying element  (such as Ni) concentrates at the contact
interface by heat- ing and surface etching as well as natural oxidation and
Ni  further separates out at grain boundaries at least in the 32 outermost
surface of aluminum alloy film when the substrate  



is heated or exposed to plasma to form the ITO film. The  separation of Ni
is due to the low solubility of Ni (less  than 0.1 atom%) in aluminum. Even
in this situation, the  aluminum alloy oxide layer keeps the same oxygen
content  but increases in thickness (which results in a decrease in  oxygen
concentration), and a small amount of Ni enters the  oxide film, thereby
increasing its conductivity. Fig. 16 is a schematic enlarged sectional view
illus- trating the structure of the thin-film transistor formed on  the
substrate (according to another embodiment of the pre- sent invention). The
thin film transistor in this embodi- ment is of top-gate type. As shown in
Fig. 16, the thin film transistor, which  is formed on the glass substrate
la, has scanning lines of  aluminum alloy thin film. A portion of the
scanning lines  functions as the gate electrode 26 that controls (turns on
and off) the thin film transistor. There are signal lines  of aluminum alloy
which intersect said scanning lines, with  an interlayer insulating film of
SiOx interposed between  them. A portion of the signal lines functions as
the  source electrode 28 of the thin film transistor. On the pixel region of
the interlayer insulating film  of SiO, is placed the transparent conductive
film 5 of ITO.  (ITO is In2O3 doped with SnO.) This thin film transistor
also has the drain electrode 29 of aluminum alloy, which is  electrically
connected direct to the transparent conductive 33 film S. 



The thin film transistor works in the same way as ex- plained above with
reference to Fig. 2. That is, the thin  film transistor is turned on when
the gate electrode 26 is  supplied with gate voltage through the scanning
line, so  that the driving voltage (which has previously been sup- plied to
the signal line) is supplied to the transparent  conductive film 5 from the
source electrode 28 through the  drain electrode 29. In this state, a
potential difference  occurs between the opposing electrodes 10 (as
explained  above with reference to Fig. 1), thereby causing the liquid
crystal molecules to orient (for light modulation) in the  liquid crystal
layer 3. The substrate (with TFT array) shown in Fig. 16 is  produced in the
following manner. Incidentally, the thin  film transistors on the substrate
are those of top-gate  type in which the semiconductor layer is formed from
poly- silicon (poly-Si). Figs. 17 to 23 schematically show the  fabricating
steps for the substrate (with TFT array) ac- cording to the second
embodiment of the present invention. The first step starts with coating the
glass substrate  la sequentially with silicon nitride film (SiNs) (about 50
nm thick), silicon oxide film (SiOx) (about 100 nm thick),  and hydrogenated
amorphous silicon film (a-Si:H) (about 50  nm thick) by plasma CVD method,
with the substrate heated  at about 300C. Heat treatment and laser annealing
are  performed to convert the hydrogenated amorphous silicon 34 film
(a-Si:H) into polysilicon film. The heat treatment is  



carried out at about 470C for about 1 hour in an atmos- phere for
dehydrogenation. Then, the hydrogenated amor- phous silicon film (a-Si:H) is
irradiated with an excimer  laser beam (about 230 mJ/cm2) so that it is
converted into  a polysilicon film (poly-Si) (about 0.3 m thick), as shown
in Fig. 17. Subsequently, the polysilicon film (poly-Si) is pat- terned by
plasma etching, as shown in Fig. 18. Then, a  silicon oxide film (SiO.)
(about 100 nm thick) is formed,  as shown in Fig. 19. This silicon oxide
film functions as  the gate insulating film 27. On the gate insulating film
27 is formed by sputtering an aluminum alloy film (about  200 nm thick),
which is subsequently patterned by plasma  etching to form the gate
electrode 26 integral with the  scanning line. A mask of photoresist 31 is
formed as shown in Fig. 20.  Doping with phosphorus (about 1 x 1015
atoms/cm2) is per- formed at about 50 keV by using an ion implantation
system,  so that an n+-type polysilicon film (n'-poly-Si) is formed  in a
portion of the polysilicon film (poly-Si). The photo- resist is peeled off
and removed. After that, phosphorus  is diffused by heat treatment at about
500C. A silicon oxide film (SiOx) (about 500 nm thick) is  formed by using a
plasma CVD apparatus, with the substrate  kept at about 300C, as shown in
Fig. 21. This silicon  oxide film functions as the interlayer insulating
film. 35 Dry etching is performed on the interlayer insulating film  



of silicon oxide and the gate insulating film 27 of silicon  oxide through a
patterned photoresist (which is formed in  the same way as mentioned above),
in order to form contact  holes. An aluminum alloy film (about 450 nm thick)
is  formed by sputtering, and then it is patterned to form the  source
electrode 28 (integral with the signal line) and the  drain electrode 29.
Thus, the source electrode 28 and the  drain electrode 29 are in contact
with the n+-polysilicon  film through their respective contact holes. A
silicon nitride film (SiNx) (about 500 nm thick) is  formed by using a
plasma CVD apparatus, with the substrate  kept at about 300C, as shown in
Fig. 22. This silicon  nitride film functions as the interlayer insulating
film.  The silicon nitride film (SiNx) is patterned by dry etching  through
a photoresist layer 31 formed thereon so that the  contact hole 32 is formed
therein. The photoresist is removed by ashing with oxygen  plasma and
treatment with an amine-based peeling solution  as mentioned above, as shown
in Fig. 23. An ITO film  (about 100 nm thick) is formed in two stages as
mentioned  above. That is, in the initial stage, it is formed with  heating
in a non-oxidizing atmosphere, and in the second  stage, it is formed in an
oxygen-containing atmosphere. The ITO film is patterned by wet etching to
form the trans- parent conductive film S. The two-stage process forms an
oxide film (1 to 10 nm thick) containing less than 44 atom% 36 of oxygen in
the interface between the drain electrode 29  



(which is an aluminum alloy film) and the transparent con- ductive film 5,
which are in direct contact with each other.  This oxide film reduces
contact resistance between them. Finally, annealing is performed at about
350C for  about 1 hour to stabilize the characteristic properties of  the
transistor. Thus the substrate (with TFT array) is  completed. The substrate
(with TFT array) according to the second  embodiment and the display device
incorporated with this  substrate produce the same effect as that produced
in the  first embodiment mentioned above. Incidentally, the alumi- num alloy
layer in both the first and second embodiments  may be used as the
reflecting electrode for the display  device of reflection type.
Incidentally, the above-mentioned transparent conduc- tive film 5 should
preferably be formed from indium tin  oxide or indium zinc oxide. The
above-mentioned aluminum  alloy film should be formed in such a way that the
alloying  component dissolving in the non-equilibrium state partly or
entirely becomes included in the concentrated layer, so  that its
resistivity is reduced below 8 D-cm, preferably  below 5 (err)~-cm. In
addition, the contact resistance can be  significantly reduced if there
exists an oxide film (1 to  10 nm thick) containing less than 44 atom% of
oxygen in the  interface between the aluminum alloy film and the transpar-
ent conductive film. 37 The above-mentioned aluminum alloy film may be
formed  



by vapor deposition or sputtering, with the latter being  preferable. The
substrate (with TFT array) completed as mentioned  above is incorporated
into the flat display device (liquid  crystal display device) as shown in
Fig. 1. The surface of the substrate (with TFT array) is  coated with
polyimide. After drying, the polyimide coating  is made into an alignment
layer by rubbing. The opposing substrate 2 is a glass plate, which has a
chromium shielding film 9 with a matrix pattern. In a gap  between adjacent
shielding films 9 is formed a plastic  color filter 8 of red, green, or
blue. On the shielding  film 9 and the color filter is formed the common
electrode  7 which is an ITO transparent conductive film. In this way  the
opposing electrode is completed. The opposing elec- trode is coated with
polyimide. After drying, the polyim- ide film is made into the alignment
layer 11 by rubbing. The substrate 1 (with TFT array) and the opposing sub-
strate 2 are put together, with their alignment layers  facing each other. A
certain gap is maintained between the  two substrate by interposing spacers
15 between them. The  gap is sealed with a plastic sealant 16, except for an
opening through which the liquid crystal is introduced. The resulting empty
cell is placed in an evacuated  container, with the opening dipped in liquid
crystal. The  pressure in the container is gradually restored to the 38
atmospheric pressure, so that the empty cell is filled with  



the liquid crystal, and the opening is sealed. Finally,  the polarizers 10
are attached to the both sides of the  filled cell. In this way the liquid
crystal panel is com- pleted. The liquid crystal panel is electrically
connected to  the driver circuit to drive the liquid crystal display
device, as shown in Fig. 1. The driver circuit is arranged  at the side or
rear of the liquid crystal panel. The liq- uid crystal panel is fit into the
frame 23 which has an  opening to define the display area of the liquid
crystal  panel and which has the back light 22 and the light guide  plate 20
for the surface light source. In this way the  liquid crystal display device
is completed. EXAMPLES  Table 1 shows the results of measurements of contact
resistance between the transparent conductive film 5 (on  the substrate with
TFT array) and the aluminum alloy film,  which are in direct contact with
each other. The experiments for measurements were carried in the  following
manner. (1) Constitution of transparent conductive film: Indium  tin oxide
(ITO) composed of indium oxide and 10 wt% of tin  oxide; or indium zinc
oxide (IZO) composed of indium oxide  and 10 wt% of zinc oxide. The film
thickness is 200 nm in  both cases. (2) Constitution of aluminum alloy film:
Aluminum alloy  39 containing 2 atom% of Ni; or aluminum alloy containing 2



atom% of Ni and 0.6 atom% of Nd. (3) Formation of transparent conductive
film:  Condition A in the initial stage of formation.  Atmosphere gas :
argon Pressure : 3 mTorr Sputter power density : 1.9 W/cm2  Film thickness :
20 nm Condition B in the later stage of formation:  Atmosphere gas :
argon/oxygen mixed gas Pressure : 3 mTorr (argon partial pressure : 2.98
mTorr; oxygen partial pressure : 0.02 mTorr)  Sputter power density : 1.9
W/cm2 Film thickness : 180 nm (4) Heating condition: Heating is controlled
so that the  substrate is at room temperature or 150C while the ITO  film is
being formed. Incidentally, Experiment No. 10 was carried out in  such a way
that the ITO film was formed directly on the  aluminum alloy film which had
been patterned and then pat- terned so that a contact of 80 pm square was
formed. In  this experiment, the SiN film was not formed and etching  with
fluorine plasma was not performed. (5) Measurement of contact resistance: By
four-terminal  measurement with a Kelvin pattern as shown in Fig. 24.
Current I is passed through I1 and 12 (or through ITO (or  IZO) and aluminum
alloy) and voltage drop V across V1 and 40 V2 (or ITO (or IZO) and aluminum
alloy) is monitored. The  



contact resistance R at the contact C is calculated from  R = (V2 - V1)/I.
The Kelvin pattern was prepared in the  following manner. The Ni content in
the aluminum alloy was determined by  ICP (induction coupled plasma)
emission analysis. The  thickness of the Ni-concentrated layer and the oxide
film  was measured by observing the cross section under a TEM.  The Ni
content in the Ni-concentrated layer and the oxygen  content in the oxide
layer were determined by EDX for the  same sample as used to observe the
cross section under a  TEM. A silicon wafer (in place of a glass substrate)
is  coated with a thermal oxide film of SiO2 (400 nm thick) for  insulation.
On the oxide film is formed by sputtering an  aluminum alloy film (300 nm
thick). After patterning, an  insulating film of SiNX (300 nm thick) is
formed thereon by  CVD method. The coated silicon wafer undergoes heat
treat- ment for 1 hour in a film-forming vacuum chamber. A pat- tern for
contact hole (80 m square) is made by photolitho- graphy. A contact hole is
made by etching with fluorine  plasma. On the aluminum alloy film is formed
by sputtering  an ITO film or IZO film (200 nm thick) according to the
two-stage process mentioned above within 8 hours. The ITO  film or IZO film
is patterned. The contact resistance between the aluminum alloy film  and
the ITO film (or IZO film) was measured by using a 41 four-terminal manual
prober and a semiconductor parameter  



analyzer "HP4156A" (from Hewlett Packard). The contact  resistance R
measured by this method is represented by R = (V2 - V1)/I. The measuring
method gives a value of  pure resistance at the contact between ITO (or IZO)
and  aluminum alloy, with the effect of wiring resistance elimi- nated. 42
>0 E 0 'o 00 'C I"' N N r r N r r r r N  .p "-, C" O O O O O O O O O O O O p
o U  co  C C U (,.) co O O N N r v) CO N N  O A r N M M U n M  c c E  C w M
O N M N N r ~' O O CO N N co O O o O O M X C II O M M V V' V 7 V M V' d'  00
E _ v) N V 



II E V 't v) v) I N ' V K1 <t d' L()  LO I N (ti 7 L O V d M  F O C L. d  C
T 0) r '   C o r d) M M r r N N N ,r Q O W f` W N ti M W 1~ M p  U ` d V) M
CD w L C  0 N N T N N u') U) U() U) LQ N U  N '.n to U) r r v~ r r r r a)  C
o II  I r I 1 I I V U N" r II  L Z - II  F N 0) 4) E ~w 0)  C) E F  E   E C
E O m T T T m m T m m m m m co O 'v= N II C C E II 'O E "O II II II II '6 N
-60 E t6 O O O c6  R (Q N (6 (4 (6  



FQ  m m 0- O Q Q Q < < < < < < U _3  o II a)  0)  o Z Z} 1L U 6 0 0 o O  (
co v Q  c E z z z Z z o o 0 o m  E m o 0 0 0 C 0 N N N N O O Z Z Z Z z N C
W O c 0 0 0 M  N N N N N r- O  Z  ao E z r N M V' v) (0 r co O N M E  b N C
CD In the meantime, resistance of direct contact between  ITO film and pure
aluminum is 1.5 x 105 U and resistance of  direct contact between ITO film
and Al-Nd alloy (typical  aluminum alloy for wiring) is 8.4 x 104 n. By
contrast,  resistance of indirect contact between ITO film and Al-Nd  alloy,
with barrier metal of Mo interposed between them, is  1.0 x 101 U (in
conventional structure). In the foregoing examples of the present invention,
the contact resistance at the contact hole (80 Fun square)  is 1.2 x 101 U
for Al-Ni alloy wiring, 1.5 x 101 U for  Al-Ni-Nd alloy wiring, and 1.3 x
101 U for Al-Ni-Y alloy  



wiring, each alloy wiring having an oxygen-poor oxide film  formed at the
contact interface. These resistance values  are approximately equal to those
of conventional structure  having a barrier metal of Mo. The liquid crystal
display device provided with the  substrate according to the embodiment of
the present inven- tion is comparable in yields and display quality to
conven- tional ones in which the ITO film has a barrier metal.  Thus,
according to the present invention, it is possible to  produce liquid
crystal display devices comparable to con- ventional ones, without requiring
barrier metal. Omission of barrier metal simplifies manufacturing  steps and
reduces production cost. According to the present invention, the transistor
electrodes are formed from an aluminum alloy containing  specific elements
in place of pure aluminum or conventional 44 aluminum alloy (or Mo-W film),
such that there exists an  oxide film with a limited oxygen content at the
contact  interface. This structure permits direct contact with the
transparent conductive film, simplifies manufacturing steps,  and greatly
reduces production cost. 45 WHAT IS CLAIMED IS: 1. A display device which
comprises a substrate, thin  film transistors and a transparent conductive
film which  are formed on the substrate, and an aluminum alloy film  which
electrically connects the thin film transistors to  



the transparent conductive film, such that there exists an  oxide film of
said aluminum alloy at the interface between  said aluminum alloy film and
said transparent conductive  film, said oxide film having a thickness of 1
to 10 nm and  containing oxygen in an amount no more than 44 atom%. 2. The
display device as defined in Claim 1, wherein  said aluminum alloy film
contains at least one species of  alloy component selected from the group
consisting of Au,  Ag, Zn, Cu, Ni, Sr, Sm, Ge, and Bi in an amount of 0.1 to
6  atom%. 3. The display device as defined in Claim 2, wherein  said
aluminum alloy film contains at least Ni. 4. The display device as defined
in Claim 3, wherein  there exists a Ni-concentrated layer having a thickness
of  0.5 to 10 nm at the interface between said aluminum alloy  film and said
oxide film, and said Ni-concentrated layer  has an average Ni concentration
which is more than twice  the average Ni concentration in said aluminum
alloy film. 5. The display device as defined in Claim 1, wherein  said
aluminum alloy film additionally contains at least one  species of alloy
component selected from the group consist- ing of Nd, Y, Fe, Co, Ti, Ta, Cr,
Zr, and Hf in an amount 46 of 0.1 to 6 atom%. 6. The display device as
defined in Claim 1, wherein  said transparent conductive film is formed from
indium tin  oxide (ITO) or indium zinc oxide (IZO). 7. The display device as
defined in Claim 1, wherein  



said aluminum alloy film functions as a reflective film.  8. The display
device as defined in Claim 1, wherein said aluminum alloy film is coated
with a transparent con- ductive film so that the resulting laminate
functions as a  tab connecting electrode. 9. A display device of passive
matrix type, which  comprises a substrate, a transparent conductive film,
and  an aluminum alloy film to electrically connect said trans- parent
conductive film, such that there exists an oxide  film of said aluminum
alloy at the interface between said  aluminum alloy film and said
transparent conductive film,  said oxide film having a thickness of 1 to 10
nm and con- taining oxygen in an amount no more than 44 atom%. 10. A method
for producing a display device which  comprises a step of forming an
aluminum alloy on a sub- strate and subsequently forming a transparent
conductive  film (for electrodes) on said aluminum alloy film in a non-
oxidizing gas atmosphere in the initial stage and in an  oxygen-containing
gas atmosphere in the second stage,  thereby forming an oxide film of said
aluminum alloy at the  interface between said aluminum alloy film and said
trans- parent conductive film, said oxide film having a thickness 47 of 1 to
10 nm and containing oxygen in an amount no more  than 44 atom%. 48 




