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1 DESCRI PTI ON

SUBSTRATE W TH CONDUCTOR FORMED OF 5 LOW RESI STANCE ALUM NUM
ALLOY - 98"|;gscshmi cal Field This invention relates to.a
substrate whiCh has wiring electrically connected t BCHIP98/01361

sem conductor 10 el enent and showi ng excellent characteristics, and in
particular to a substrate with wiring which has an excel | ent
anti-hillock characteristic, an excellent 1 anti - pi nhol e

characteristic and a | ow resi stance, and
DESCRIPTION

SUBSTRATE WITH CONDUCTOR FORMED OF
5 LOW-RESISTANCE ALUMINUM ALLOY

Technical Field
This invention relates to a substrate which has
wiring electrically connected to a semiconductor
10 element and showing excellent charactefistics, and in
particular to a substrate with wiring which has an
excellent anti-hillock characteristic, an excellent
anti-pinhole characteristic and a low resistance, and
is suitable for use in, for example, an active matrix
15 type liquid crystal display device.
Background Art
There is an active matrix type liquid crystal
display device which has, for example, wiring including
a scanning line 1 and a data line 2, etc., a pixel
20 electrode 3, and a thin film transistor 4 as a
switching element located in the vicinity of each
intersection of the scanning line 1 and the data line 2,
as is shown in FIG. 10. The thin film transistor 4 has
a gate electrode G connected to the scanning line 1, a
25 drain electrode D connected to the data line 2, and a
source electrode S connected to the pixel electrode 3.
FIG. 11 shows a cross section of part of the thin
film transistor 4 of FIG. 10. The scanning line 1

including the gate electrode G (see FIG. 10) is formed



Is suitable for use in, for exanple, an active matrix 15 type liquid

crystal display device. Background Art There is an
active matrix type liquid crystal di spl ay devi ce which has, for
exanpl e, w rj l.0g! udi ng a scanning line | and a data line 2,

etc., a pixe 8985&% electrode 3, and a thin film transi stfGTAR%8M3¢
swtching elenent located in the vicinity of each I ntersection of
the scanning line 1 and the data line 2, as is shown in FIG 10.
The thin filmtransistor 4 has a gatezel ectrode G connected to the
scanning line 1, a 25 drain electrode D connected to the data |line 2,
and a source el ectrode S connected to the pixel electrode 3.

FIG 11 shows a cross section of part of the thin filmtransistor 4

of FIG 10. The scafRi AgPFedrtermined portiepudf ny RS HWsFeter dde &P (see

FIG 10) is formed anode oxide film 12 is formed on the surface of the

scanning line 1, and a gate insulating'film 13 is
formed on the overall surfaces of the lines and the

5 substrate. A semiconductor thin film 14 made of
amorphous silicon is formed on that portion of the gate
insulating film 13 which corresponds to the gate
electrode G. A blocking layer 15 is formed on a center
portion of the semiconductor thin film 14. Ohmic

10 contadt layers 16 and 17 made of nt-conductivity
silicon are formed on upper opposite side portions of
the semiconductor thin film 14 and the blocking
layer 15. The drain electrode D and the source
electrode S are formed on the ohmic contact layers 16

15 and 17, respectively. These electrodeé D and S and the
data line 2 may be formed simultaneously. The pixel
electrode 3 is formed on a predetermined upper portion
of the gate insulating film 13 such that it is
connected to the source electrode S. A passivation

20 film 18 is formed on the overall upper surface of the
resultant structure, except for on the surface of the
predetermined portion of the pixel electrode 3.

It is known that an Al (Aluminum) alloy which

contains a high-melting-point-metal such as Ti

25 (Titanium) is used as the material of the wiring
forming the scanning line 1 with the géte electrode G

(see, for example, Jpn. Pat. Appln. KOKAI Publication



2 : on a predeterm ned portion of a glass substrate 11, an

anode oxide film1l2 is forned on the surface of the scanning |line
1, and a gate insulating film13 is formed on the overall surfaces
of the lines _and the 5 substrate. A sem conductor thin film 14 nade
of AND79478%s silicon is formed on that portion of tREEFIEINU36L

i nsulating film 13 which corresponds to the gate electrode G A

bl ocking layer 15 is formed on a center portion of the

sem conductor thin film214. Cmc 10 congact | ayers 16 and 17 nmade of
nferr]-conductivity silicon are fornmed on upper opposite side
portions of the sem conductor thin film 14 and the bl ocking

No. 4-130776). In this case, the high-melting-point
metal Ti is contained in Al in order to suppress the
occurrencé of hillocks, which may well be formed during
a heating treatment performed later since Al itself
5 does not have a sufficient thermal resistance. The
anti-hillock characteristic is considered to, for
example, reduce the breakdown voltage of the gate
insulating film 13 on the scanning line 1 including the
gate electrode G. If the Ti concentration of the Al-Ti
10 alloy thin film is reduced to lower its specific
resistance, occurrence of any hillock and pinhole
cannot be suppressed. 1If, on the other hand, the
concentration of Ti is increased, the above drawback
can be countered but the specific resistance of the
15 alloy thin film increases. This alloy thin film is not
preferable as an electrode or wiring.
Disclosure of Invention
It is the object of the invention to provide a
wiring substrate with a conductor which can reduce the
20 specific resistance of the substrate to a value equal
to or less than the case of using the Al-Ti alloy thin
film, and also can suppress the occurrence of hillocks
or pinholes.
The inventors of the present invention made
25 various experiments to test the Al-Ti alloy thin film
in detail. The experiment’s results and our opinion

thereon will now be described.



| ayer 15.- The drain el ectrode D and the source el ectrode S are

formed on the ohmc contact |ayers 16 15 and 17, respectively. These
el ectrodes D and S and the data line 2 may be forned _

si mul taneous&vy).98/'!4'&(21 pi xel electrode 3 is formed on a predetermn ned
upper portion of the gate insulating film 13 such tREEIR9B/01361
connected to the source electrode S. A passivation 20 film18 is
formed on the overall upper surface of the resul tant structure,
except for on the surface of the predegt erm ned portion of the pixel
el ectrode 3. It is known that an Al (Al um nun) all oy which
contains a high-nelting-point nmetal such as Ti 25 (Titanium is used
as the material of the wiring formng the scanning line 1 with the
gate electrode G Fizst, the depanslemcylpd. tPat speppfic né@dAltance

Publication of the Al-Ti alloy thin £ilm upon the concentration of

Ti was tested, and test results as shown in FIG. 5 were
obtained. In FIG. 5, the ordinate indicates the

5 specific resistance of the alloy thin film, the
abscissa the concentration (atomic %) of Ti, the solid
line the specific resistance of an Al-Ti alloy thin
film formed, by sputtering or deposition, on a glass
substrate which is kept at a room temperature, and the

10 broken line, the one-dot chain line and the two-dot
chain line the specific resistances of Al-Ti alloy thin
films after heating of the Al-Ti alloy thin film formed
at the room temperature, at temperatures of 250°C, 300°C
and 350°C, respectively. As is evident from FIG. §, in

15 all the Al-Ti alloy thin films, the higher the
concentration of Ti, the higher the specific resistance.
Further, the higher the heat treatment temperature, the
lower the specific resistance. Thus, it was confirmed
from the experiments that the lower the Ti

20 concentration, the lower the specific resistance of the
Al-Ti alloy thin film, and that the higher the heat
-treatment temperature, the lower the specific
resistance.

Moreover, the anti-hillock characteristic of each

25 of the Al-Ti alloy thin films was tested, and test

results as shown in FIG. 6 were obtained. 1In FIG. 6,

the ordinate indicates the temperature at which a



3 - No. 4-130776). In this case, the high-nelting-point met a

Ti is contained in Al in order to suppress the occurrence of

hill ocks, which may well be formed during a heating treatnent :
perforned | ag‘ﬁgﬁi nge Al itself 5 does not have a sufficient thernal

r esi st ance. &S anti-hillock characteristic is con®CHdPB@II6H for
exanpl e, reduce the breakdown voltage of the gate insulating film_
13 on the scanning line 1 including the gate electrode G If the Ti
concentration of the Al-Ti 10 alloy thin£ilmis reduced to lower its
specific resi stance, occurrence of any hillock and pinhol e

cannot be suppressed. If, on the other hand, the
hillock or hillocks occur. More specifically, the
hillock occurrence temperature means a heat treatment
temperature at which any hillock with a height of 0.5 -
1l um or more can be observed using an electron
5 microscope with a magnification of about 100

(hereinafter, the hillock occurrence temperature means
the same). As is evident from FIG. 6, the occurrence
of a hillock can be suppressed if the heat treatment
temperature is 250°C and the Ti concentration is 3 atm%

10 or more. In light of the anti-hillock characteristic,
it is desirable to set the Ti concentration at 3 atm%
or more through the overall process of forming the
wiring substrate, when a heat treatment is performed at
about 250C at highest in the process. In the case of a

15 heat treatment temperature of 250°C indicated by the
broken line in FIG. 5, however, the specific resistance
is about 18 xQ cm or more if the Ti concentration is
3 atm% or more. 1In other words, when the anti-hillock
characteristic is considered, it is not preferable to

20 set the Ti concentration at 3 atm% or less, which means
that the specific resistance of the wiring (the
scanning line 1 including the gate electrode G) cannot
be set at about 18 uQ cm or less. On the other hand,
more and more reduction of the resistance of wiring has

25 recently been requested with the development of
refining techniques, the increase of the numerical

aperture, etc. in the field of liquid crystal display
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devices. To meet the request, attention has been paid
to an Al alloy containing a rare earth metal such as Nd,
which has an excellent anti-hillock characteristic and
a low specific resistance of about 10 uQ cm or less
(see, for example, Jpn. Pat. Appln. KOKAI Publication
No. 7-45555).

However, the inventors of the present invention
made experimenﬁs using an Al-Nd alloy thin film, and
obtained the following results. First, the dependency
of the specific resistance of the Al-Nd alloy thin film
upon the Nd (Neodymium) concentration was tested, and
test results as shown in FIG. 7 were obtained. 1In
FIG. 7, the ordinate indicates the specific resistance
of the alloy thin film, and the abscissa the Nd
concentration. Further, the solid line indicates the
specific resistance, with respect to the Nd
concentration, of an Al-Nd alloy thin film formed, by
sputtering or deposition, on a glass substrate which is
kept at a room temperature, and the broken line, the
one-dot chain line and the two-dot chain line the
specific resistances of Al-Nd alloy thin films after
heating of the Al-Nd alloy thin film formed at the room
temperature, at temperatures of 250°C, 300°C and 350°C,
respectively. As is evident from FIG. 7, in all the
Al-Nd alloy thin films, the higher the concentration of
Nd, the higher the specific resistance. Further, when

the Nd concentration is, for example, 2 - 4 atm%, the



4 : First, the dependency of the specific resistance

of the AI-Ti alloy thin filmupon the concentration of Ti was
tested, and test results as shown in FIG 5 were ob%aiﬂed.l:n F{S
5, the ordin LW.adi cates the 5 specific resistance of the alloy thin
film the WO%“%ESM ssa the concentration (atonmic % of FTETURIGAIEY| | d
line the specific resistance of an Al-Ti alloy thin . f!ln1forned, by
sputtering or deposition, on a glass substrate which is kept at a
roomtenperature, and the 10 broken line,7the one-dot chain line and

t he two- dot chain line the specific resistances of Al-Ti alloy thin
films after heating of the AI-Ti alloy thin filmformed at the room

f . 250[err]C, 300[err]C
temperature, at ten&ﬁk&&.E%SrgsistaLces]of all khe eated Al-Nd alloy thin

films are about 10 gQ cm or less. Thus, it was
confirmed that the specific resistances of the Al-Nd
alloy thin films can be set at 10 2Q cm or less.

5 Moreover, the anti-hillock characteristic of each
of the Al-Nd alloy thin film was tested, and test
results as shown in FIG. 8 were obtained. 1In FIG. 8,
the abscissa indicates the Nd concentration, and the
ordinate the temperature at which a hillock or hillocks

10 occur. As is evident from FIG, 8, the.occurrence of a
hillock can be suppressed when the heat treatment
highest temperature is 250°C, even if the Nd
concentration is as low as about 0.2 %. It was
confirmed that when the Nd concentration is, for

15 example, about 2 - 4 atm%, the occurrence of a hillock
is suppressed, and that the specific resistance is
about 10 p cm or less, as indicated by the broken
line (the heat treatment temperature of 250C).

Moreover, the anti-pinhole characteristic of each

20 of the Al-Nd alloy thin film was tested, and test
results as shown in FIG. 9 were obtained. In FIG. 9,
the ordinate indicates the temperature-at which a
pinhole or pinholes occur. More specifically, the
pinhole occurrence temperature means a heat treatment

25 temperature at which more than ten pinholes can be
observed per 1 cm? using an electron microscope with a

magnification of about 100 (hereinafter, the pinhole



and- 350[err] C, respectively. As is evident fromFIG 5, in 15 all the
Al -Ti alloy thin filns, the higher the concentration of Ti, the
hi gher the specific resistance. Further, the higher the heat
treatment t egglgstsglre, t he | ower the specific resistance. Thus, it
was confirne fromthe experinents that the |ower tB{&AFP8013¢
concentration, the |ower the specific resistance of the Al -Ti alloy
thin film and that the higher the heat treatnment tenperature, the
| ower the specific resi stance. 8 Mor eover, the
anti-hillock characteristic of each 25 of the AI-Ti alloy thin filns
was tested, and test results as shown in FIG 6 were obtained. In
FIG 6, the ordinate indicates the tenperature at which a |
occurrence temperature means the same). As is evident
from FIG. 9, the pinhole occurrence temperature is less
than 250C if the Nd concentration is about 4 atm% or
less, and is substantially 250C if the Nd concentration
5 is about 4 atm% or more. In light of the anti-pinhole
characteristic, it is desirable to set the Nd concen-
tration at about 4 atm% or more when the heat treatment
temperature is 250C. It was found, however, that more
and more increase of the Nd concentration will not be
10 so effective to enhance the anti-pinhole characteristic
for protecting wiring from breakage, since the pinhole
occurrence temperature is substantially kept at about
250°C when the Nd concentration is about 4 atm% or more.
Furthermore, where the Nd concentration is set at
15 4 atm% or more in consideration of the anti-pinhole
characteristic, the specific resistance is about
10 uQ cm or more at the heat treatment temperature of
250°C indicated by the broken line in FIG. 7.
As described above, in the case of using the Al-Ti
20 alloy thin film as wiring, it is not preferable to set
the Ti concentration at 3 atm% or less in light of the
anti-hillock characteristic, which makes it impossible
to set the specific resistance at about 18 u{ cm or
less. On the other hand, in the case of using the Al-
25 Nd alloy thin film as wiring, setting the Nd

concentration at 4 atm% or more cannot significantly

enhance the anti-pinhole characteristic for protecting



5 - hillock or hillocks occur. Mre specifically, the

hill ock occurrence tenperature neans a heat treatnent t enperat ure
at which any hillock with a height of 0.5 - 1 [err] mor nore can
be observed Vﬁ;ﬂﬁs n electron 5 m croscope with a magnification of
about 100 %ﬂereinafter, the hillock occurrence tenp@cEVRA8O1Ikans
the sane). As is evident fromFIG 6, the occurrence of a hillock
can be suppressed if the heat treatnent tenperature is 250[err]C
and the Ti concentration is 3 atnt 10 orgnore. In light of the
anti-hillock characteristic, it is deSirable to set the Ti
concentration at 3 atnt or nore through the overall process of
formng the Wi ring substrate, when a heat treatnent is perfornmed at

about 250[err] C at thegheistirign fidoen preekage. | NIt heddidsiomf setting the Nd
concentration at 4 atm% or more in consideration of the
anti-pinhole characteristic makes the specific
resistance increase to about 10 £ cocm or more as
5 indicated by the broken line in FIG. 7 (the heat
treatment temperature of 2507C). -

The present invention, which has been devised in
view of the above problems, provides a wiring substrate
comprising a substrate and a conductor formed on the

10 substrate, the conductor formed of an aluminum alloy
which contains at least neodymium and tiianium.
Brief Description of Drawings

FIG. 1 is an enlarged sectional view, showing a

substrate with wiring formed of an Al-Nd-Ti alloy thin
15 film, according to an embodiment of the invention;

FIG. 2 is a view, showing the dependency of the
specific resistance of the Al-Nd-Ti alloy thin film of
FIG. 1 upon the concentration of Ti;

FIG. 3 is a view, showing the dependency of the

20 anti-hillock characteristic of the Al-Nd-Ti alloy thin
film of FIG. 1 upon the concentrations of Ti and Nd;

FIG. 4 is a view, showing the dependency of the
anti-pinhole characteristic of the Al-Nd-Ti alloy thin
film of FIG. 1 upon the concentrations of Ti and Nd;

25 FIG. 5 is a view, showing the dependency of the
specific resistance of an Al-Ti alloy thin film upon

the concentration of Ti;



15 - heat treatment tenperature of -250[err]C indicated by the

broken line in FIG 5, however, the specific resistance I s about
[err] cmor nore if the Ti concentration is _ 3 atnPoor nore. In

ot her mords,“%gﬁnﬁﬁge anti-hillock characteristic is considered,
is not preferable 20 set the Ti concentration at 3 BEFIB®SPIIEsS,
whi ch neans that the specific resistance of the wiring (the
scanning line 1 including the gate el ectrode G cannot be set at
about 18 [err] cmor less. On the other hand, ;g nmore and nore
reduction of the resistance of wiring has 25 recently been requested
with the devel opnment of refining techni ques, the increase of the
nuneri cal aperture, etc. inthe field of liquid crystal display

FIG. 6 is a view, showing the anti-hillock
characteristic of the Al-Ti alloy thin film;
FIG. 7 is a view, showing the dependency of the
specific resistance of an Al-Nd alloy thin film upon
5 the concentration of Nd;
FIG. B is a view, showing the anti-hillock
characteristic of the Al-Nd alloy thin film;
FIG. 9 is a view, showing the anti-pinhole
characteristic of the Al-Nd alloy thin film;
10 FIG. 10 is a circuit diagram, showing part of the
conventional liquid crystal display device; and
FIG. 11 is an enlarged sectional view, showing, in
detail, a thin film transistor which appears in FIG. 10.
Best Mode of Carrying OQut the Inventioh
15 FIG. 1 an enlarged sectional view, showing a
wiring substrate according to the embodiment of the
invention. An Al-Nd-Ti alloy thin film (wiring) 22 was
formed on a glass substrate (transparent insulated
substrate) 21 by sputtering or deposition. The
20 wiring 22 is used as the scanning line 1 or the data
line 2 shown in FIG. 10. First, the dependency, upon
the concentrations of Ti and Nd, of the specific
resistance of an Al-Nd-Ti alloy thin film formed by
setting the substrate temperature at a room temperature
25 was tested, and test results as shown in FIG. 2 were
obtained. 1In the test, the minimum concentrations of

Nd and Ti were 0.1 atm%. 1In FIG. 2, the specific



6 - devices. To neet the request, attention has been paid to

an Al alloy containing a rare earth netal such as Nd, whi ch has an
excellent anti-hillock characteristic and a |l ow specific resistance
of about 10 mor less 5 (see, for exanple, Jpn. Pat. Appln.
KOKAI Public‘gﬁlré%‘]ﬁssgl No. 7-45555). Howev RCTAPA%OB3¢H ent or s
of the present invention made experinents using an Al-Nd alloy thin
film and obtained the following results. First, the dependency 10
of the specific resistance of the Al-Nd alloy,thin film ~upon the Nd
(Neodym unm) concentration was tested, and test results as shown in
FIG 7 were obtained. In FIG 7, the ordinate indicates the

speci fic resistance of the alloy thin film and the abscissa the Nd

resistance is 10 y cm or less in an area A;, 10 -
20 ¢Q cm in an area Ap, 20 - 30 £Q cm in an area A3,
30 - 40 2£Q cm in an area Ag, 40 - 50 28 cm in an area
Ag, 50 - 60 uQ cm in an area Ag, and 60 - 70 12 Q cm in
5 an area Aj7. As is evident from FIG. 2, the higher the
Nd and Ti concentrations, the higher the specific
resistance. Further, FIG. 2 shows that the Nd and Ti
concentrations should be selected from the area A; in
order to set, at about 10 zQ cm or less, the specific

10 resistance of the Al-Nd-Ti alloy thin film formed with
the substrate temperature kept at a room-temperature.
Similarly, the Nd and Ti concentrations should be
selected from the areas A; and Ay in order to set the
specific resistance at about 20 pQ cm-or less.

15 Then, fhe dependency of the hillock characteristic
of the Al-Nd-Ti alloy thin f£film upon the concentrations
of Ti and Nd was tested, and test resuits as shown in
FIG. 3 were obtained. In FIG. 3, the hillock
occurrence temperature is 240 - 270C in an area B;,

20 270 - 300°C in an area By, 300 - 330°C in an area B3, and
330 - 360C in an area By. As is evident from FIG. 3,
the occurrence of a hillock is suppressed in the area
B; when the heat treatment temperature is 240 - 270°C.

Further, the dependency of the pinhole

25 characteristic of the Al-Nd-Ti alloy thin film upon the

concentrations of Ti and Nd was tested, and test

results as shown in FIG. 4 were obtained. 1In FIG. 4,.



15 - concentrati on. Further, the solid line indicates the

specific resistance, with respect to the Nd . concentration, of an
Al-Nd alloy thin filmformed, by sputtering or deposition, on a

gl ass substrgifsitisgh 1S kept at a roomtenperature, and the broken
line, the 20 one-dot chain line and the two-dot chain PEREPIBMLS6L
specific resistances of AI-Nd alloy thin filns after heating of the
Al-Nd alloy thin filmformed at the room tenperature, at _
tenperatures of 250[err]C, 300[err]C and 350[lejr]C, respectively.
As is evident fromFIG 7, in all the 25 Al -Nd al | oy t_hl_n fllms, t he
hi gher the concentration of Nd, the higher the specific resistance.
Furt her, when the Nd concentration is, for exanple, 2 - 4 atntg the

the pinhole occurrence temperature is 240 - 270°C in an
area Cj3, 270 - 300°C in an area Cy, 300 - 330°C in an
area C3, and 330 - 360°C in an area C4. As is evident
from FIG. 4, the occurrence of a pinhole is suppressed

5 in the area C; when the heat treatment temperature is
240 - 270%C.

In a case, for example, where the Nd concentration
is 0.75 atm% and the Ti concentration is 0.5 atm%, the
hillock occurrence temperature is on the boundary

10 between the areas B; and By in FIG. 3, while the
pinhole occurrence temperature is on the-boundary
between the areas C; and C3; in FIG. 4. Accordingly,
the occurrence of any hillock and any pinhole can be
suppressed by setting the heat treatmeﬁt temperature at

15 240 - 270°C. Moreover, when the Nd and Ti
concentrations are 0.75 atm% and 0.5 atm%, respectively,
the specific resistance falls in the afea Al (10 2Q cm
or less) in FIG. 2, and the specific resistance of the
Al-Nd-Ti alloy thin film formed by setting the

20 substrate temperature at a room temperature can be set
at about 8 £ Q cm. 1In addition, it is roughly
estimated from FIGS. 5 and 7 that the specific
resistance can be made lower than about 8 £ cm by the
heat treatment. 1In other words, when the heat

25 treatment is performed, the area Aj; in which the
specific resistance can be kept at 10 2Q cm or less is

broadened to the area Ay in FIG. 2. Accordingly, the



7 - specific resistances of all the heated Al-Nd alloy thin
films are about 10 [err] cmor less. Thus, it was confirmed that
the specific resistances of the A -Nd alloy thin filns can be set
at 10 [err] waLve 58Aess 5 Mor eover, the anti-hillock
characteristic 0 of the Al-Nd alloy thin fil RGEE%PIfed ~ and
t est results as shown in FIG 8 were obtained. In FIG 8,
t he abscissa indicates the Nd concentration, and the ordi nate the
tenperature at which a hillock or hillocks occur. - As is evident
fromFI G 8, the occurrence of a hi | I'ock can be suppressed when the
heat treat nent hi ghest tenperature is 250[err]C, even if the Nd
concentration is as low as about 0.2 % It was confirnmed that when
the Nd concentrati mpécﬁ,fﬁcomesﬁtanceeaﬂnphe ABHNIHTI? al lbyatthin €hEm
occurrence of a hillock is suppressed, and that the specific
resistance i s after the heat treatment is set at about 10 2Q cm or
less by setting the total of the Nd and Ti
concentrations to about 1.5 atm% or less (each of the
S Nd concentration and the Ti concentration should be set
at 0.1 atm% or more). Furthermore, as.is evident from
FIGS. 3 and 4, the occurrence of a hillock and a
pinhole can be substantially suppressed in the case of
the total concentration range of about 1.5 atm% or less,
10 when the heat treatment is 240 - 270%C.

A description will be given of a case where the
specific resistance of the Al-Nd-Ti alloy thin film is
set at about 18 2#Q cm as in the Al-Ti alloy thin film.
If the total of the Nd and Ti concentrations to, for

15 example, about 3.5 atm% or less (each of the Nd
concentration and the Ti concentration should be set at
0.1 atm% or more), the specific resistance of the Al-
Nd-Ti alloy thin film formed by setting the substrate
temperature at the room temperature is about 20 uQ cm

20 or less as shown in FIG. 2. 1In the case of the total
concentration range of about 3.5 atm% or less, it is
evident from FIGS. 3 and 4 that although a small number
of hillocks or pinholes occur when the heat treatment
temperature is 240 - 270°C, their occurrence can be

25 suppressed by increasing the heat treatment temperature.

Also in this case, it is roughly estimated from FIGS. 5

and 7 that the specific resistance can be made lower



about 10 [err] cmor less, as indicated by the broken line (the

heat treatnent tenperature of 250[err]C). Mor eover, the
anti - pi nhol e characteristic of each 20 of the Al-Nd alloy thin film
was tested, @RfbslSial results as shown in FIG 9 were obtained. In
FIG 9, t?é ordinate indicates the tenperature at \AﬁC’UﬂPi‘alOl?:Gl

pi nhol e or pinholes occur. Mire specifically, the pi nhol e .
occurrence tenperature neans a heat treatnent 25 tenperature at which
nore than ten pinhol es can be observegy per 1 cnferr] using an

el ectron mcroscope with a magni fi cati on of about 100 (hereinafter,
t he pi nhol e 8

than about 20 xQ cm by the heat treatment. In other
words, when the heat treatment is performed, the
specific resistance of the Al-Nd-Ti alloy thin film can
be set to about 18 £ Q cm or less.

5 The Nd concentration of the Al-Nd-Ti alloy thin
film will be considered. 1In the area C; in FIG. 4, for
example, a pinhole will occur irrespective of the Nd
concentration when the heat treatment temperature is
240 - 270°C. On the other hand, in the area Bj in

10 FIG. 3, a hillock will occur at the heat treatment
temperature of 240 - 270°C, if the Nd concentration is
lower than 1 atm%. This means that the Nd
concentration may be set at about 1 atm% by considering
the occurrence of a hillock and not the occurrence of a

15 pinhole. When the Nd concentration is set at about
1l atm%, it is preferable, in light of the specific
resistance, to set the Ti concentration at about
0.1 - 2 atm%, and more preferable to set it at about
0.1 - 0.5 atms%.

20 In the case of the Al-Ti alloy thin film, it is
Preferable to set the Ti concentration at about
2.9 atm% to realize a lower specific resistance and an
excellent anti-hillock characteristic (at the heat
treatment temperature of 250°C), as is shown in FIGS. §

25 and 6. In the case of the Al-Nd alloy thin film, it is
preferable to set the Nd concentration at about 4 atm$%

to realize a lower specific resistance and an excellent



occurrence tenperature neans the sane). As is evident fromFI G 9,
t he pi nhol e occurrence tenperature is |ess than 250[err]C if the Nd
concentration is about 4 atn®o or | ess, and is substantially
250[err] C i fyidG 1concentration 5 is about 4 atnboor nmore. In

i ght of the anti-pinhole characteristic, it is desPEEBHIBO1361 set
the Nd concen- tration at about 4 atnfoor nore when the heat

t r eat ment tenperature is 250[err]C It was found, however, that
nor e and nore increase of the Nd conchtration will not be 10

so effective to enhance the anti-pinhole characteristic for
protecting wiring from breakage, since the pinhole occurrence
tenperature is substantially kept at about 250[ err] C when the Nd
concentration i s abanti<hidlldélorcharaeteristic (dturdheemeate treenénthe Nd
concentration is set at 15 4 atnPoor nore in consideration of the
anti - pi nhol e tempey et ioft 280G he afpdsi shevwpesn sEERe 71 arabBut On

er at.ure _of
10 [err] cmor nmore at tf eerheimaa;[ndt,rei\.%t TRO! LIPSt Al Al-Nd-Ti alloy thin

film, the total concentration of Nd and Ti can be set
5 at about 1.5 atm% or less. Therefore, when the Al-Nd-
Ti alloy thin film is used, the required amounts of
expensive Nd and Ti can be reduced as compared with the
case of the Al alloy thin film which contains only Ti
or Nd. This will lead to reduction of a manufacturing
10 cost.

Although in the above description,-the substrate
of the invention is applied to a display device, it can
also be applied to various devices other than the
display device. Further, the wiring is.not limited to

15 the scanning line which includes the gate electrode of
the thin film transistor, but may be used as a source
electrode, a drain electrode or a data line. This case
will be briefly explained with reference to FIG. 11.

To provide, for example, a data line of an Al-Nd-Ti

20 alloy thin film on a gate insulating film 4 by
patterning, an n*-type silicon layer or a chromium
layer may be formed on the gate insulating film 4 to
prevent a pixel electrode 11 made of ITO from being
damaged by an Al etching solution, and then an Al-Nd-Ti

25 alloy thin film may be formed on the resultant
structure for forming, for example, a data line.

Moreover, the wiring is not limited to the Al1-Nd-Ti



250[err] € indicated by the broken line in FIG 7. As descri bed
above, in the case of using the Al-Ti 20 alloy thin filmas wiring, it
is not preferable to set the Ti concentration at 3 atntoor less in
l'ight of thewgoogusggy @nti-hillock characteristic, which makes it inpossible
to set the specific resistance at about 18 [err] cm or PCT/IP98498361 On t he
ot her hand, in the case of using the Al- 25 Nd alloy thin film as
wiring, setting the Nd concentration at 4 atn® or nore cannot
significantly enhance the anti-pinholg characteristic for
protecting 9

alloy thin film, but may be formed of an Al alloy thin
film which contains one or more rare earth elements and
one or more Ti, Ta, Mo, Cr, Au, Ag, Cu.
As described above, according to the invention, Eo
5 form wiring of, for example, an Al-Nd-Ti alloy thin
film enables reduction of its specific resistance to a
value equal to or lower than the wiring formed of the
Al-Ti alloy thin film, and also enables suppression of
the occurrence of a hillock or a pinhole. 1In this case,
10 it is preferable to set the total concentration of Nd
and Ti at from about 3.5 atm% or less to.about 0.2 atm%
or more (supposing that the Nd concentration is equal
to the Ti concentration). Also, it is preferable to
set the specific resistance of the Al-ﬁd-Ti alloy thin

15 film at about 10 - 1 uQ cm.



the wiring from breakage In addltlon ﬁttl Nd concentration

Sharactort o1 maces el IDAH O i 2kt onol

resi stance i ncrease to about 10
[err] CM Ol Bd& Fndi cat ed by t he broken |line |n FIG 7 _(the

heat treaPrrent tenperature of 250[err]C). PP, esent

I nvention, which has been devised in view of the above problens,
provides a wiring substrate conprising a substrate or.___
formed on the 10 substrate, the conductpr fornmed of an §n$ Hﬁf&&gmz
whi ch contains at |east neodym um and titanium Bri J
of Draw ngs FIG 1 is an enlarged sectional view, show R
substrate with wiring forned of an Al-Nd-Ti _alloy thin 15 film
according to an enbodi ment of the inventGdn® I M5 FIG 2 is a view,

show ng t he dependency gf HD%dxin sub%%%ﬁkéigo&§§§§§ﬁgme of the Al -Nd-Ti
alloy thin film of : g :

a substrate; and
a conductor formed on the substrate, wherein
5 the conductor made of an aluminum alloy which
contains at least neodymium and titanium.

- 2. A wiring substrate according to claim 1,
wherein the total concentration of neodymium and
titanium contained in the aluminum alloy is 3.5 atm% or

10 less. -

3. A wiring substrate according to claim 2,
wherein the concentration of neodymium contained in the
aluminum alloy is 2.0 atm% or less.

4. A wiring substrate according to claim 1,

15 wherein the total concentration of neodymium and
titanium contained in the aluminum alloy is 1.5 atm% or
less.

5. A wiring substrate according to claim 4,
wherein the concentration of neodymium contained in the

20 aluminum alloy is 1.0 atm% or less.

6. A wiring substrate according to claim 4,
wherein the conductor has a specific resistance of
10 2Q cm or less.

7. A wiring substrate comprising:

25 a substrate;

a semiconductor element formed on the substrate

—— e a conductor formed on the substrate and

This Sheet Has
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FIG 1 upon the concentratlon of Ti; FIG 3is a how n

the dependency of the Imm;mm"m char acteristic of *THISNSHEE'T HAS BEEN
alloy thin f|In1of concentratlons of Ti an RﬁHACED

FIG 4is a Woedﬁ’mss%EOV"' ng tthe® deben’demy «0f the ant i - prheke-
characteristic of the Al-Nd-Ti alloy thin film of Frg‘/wsmmn t he
concentrations of Ti and Nd; 25 FIG 5 is a view, show ng the
dependency of the specific resistance of an AI-Ti alloy thin film

upon the concentration of Ti; 18

10

electrically connected to the semiconductor element,
the conductor made of an aluminum alloy which
contains at least neodymium and titanium.
8. A wiring substrate according to claim 7,

S wherein the total concentration of neodymium and
titanium contained in the aluminum alloy is 3.5 atm% or
less.

9. A wiring substrate according to claim 8,
wherein the concentration of neodymium contained in the
10 aluminum alloy is 2.0 atm$% or less.

10. A wiring substrate according tolclaim 7,
wherein the total concentration of neodymium and
titanium contained in the aluminum alloy is 1.5 atm$% or
less. |

15 11. A wiring substrate according to claim 10,
wherein the concentration of neodymium contained iﬁ the
aluminum alloy is 1.0 atm% or less.

12. A wiring substrate according to claim 7,
wherein the wiring substrate is obtained after a heat

20. treatment of 250°C or less.
13. A wiring substrate compriéing:
a substrate; and
a conductor formed on the substrate, wherein
the conductor made of an aluminum alloy which
25 contains a first metal with a more excellent anti-
hillock characteristic than aluminum, and a second

metal with a lower specific resistance than the first

s Sheet Has Been Replacec

W




FIG 6 is a view, showing the anti-hillock charact eri 5T SHERThHAS BEEN

ot M 5 L

upon P 5& ncentratlo:n of 8 is a view
|

showi ng the R 1 | ock characteristic of the Al - NFTAPPYI3E
film FIG 9 is a view, show ng the anti-pinhole
characteristic of the AI-Nd alloy thin film 10 FIG 10 is a
circuit diagram show ng part of the onventional liquid crystal

di spl ay device; and FIG 11 is an enlarged sectional view,
showi ng, in detail, a thin filmtransistor which appears in FIG
10. Best Mbde of Carrying Qut the Invention 15 FIG 1 an
enl arged secti onal meical, showi ng a W ring substrate according to
the enbodi ment of the invention. An Al-Nd-Ti alloy thin film
(wiring) 22 was 145 or hed@ining sybssFadebCFAreing r ehsprientl3nsul at ed

wherein the total concentration of the first and second
metals contained in the aluminum alloy is 3.5 atm$% or
5 less.

15. A wiring substrate according to claim 13,
wherein the total concentration of the first and second
metals contained in the aluminum alloy is 1.5 atm% or
less.

10 16. A method of manufacturing a wiring substrate,
comprising the steps of: |

preparing a substrate;
forming on the substrate a conductor made of an
aluminum alloy which contains at least-neodymium and

15 titanium;

forming on the substrate a semiconductor element
electrically connected to the conductor; and

heating at least one of the conduﬁtor and the
semiconductor element at 300°C or less.

20 17. A method according to claim 16, wherein the
total concentration of the neodymium and titanium
contained in the aluminum alloy is 3.5 atm% or less.

18. A method of manufacturing a wiring substrate,
comprising the steps of:

25 preparing a substrate;

forming a semiconductor element on the substrate;

| Replacex forming on the substrate a conductor made of an
ep '

" il



substrate) 21 by sputteri ni or 'deposition. The 20 wiring 2

enendancy Zupone — " NI MBI " 7 5 T S e oo ST
resi stance ofyo3R.dk; \d-Ti al foy* tHinsfikm forned by dACED

settl
substrate tenperature at a roomtenperature 25 was t estBEEIPAH 3 6lest

results as shown in FIG 2 were obtained. In the test, the m ninmm
concentrations of Nd and Ti were 0.1 atn® In FIG 2, the specific
11 resistance is 10 [err] cmor legg in an area Alerr], 10 -

aluminum alloy which contains at least neodymium and
titanium, such that the conductor is electrically
connected to the semiconductor element; and
heating at least one of the conductor and the
5 semiconductor element at 300°C or less.
19. A method according to claim 18, wherein the
total concentration of the neodymium and titanium

contained in the aluminum alloy is 3.5 atm% or less.

IThis Sheet Has Be
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20 [err]Qcmin an area Alerr], 20 - 30 [err] cmin an area A3, 30
- 40 [err] cmin an area Alerr], 40 - 50 [err] cmin an area

Alerr], 50 - 60 [err] cmin an area A6, and 60 - 70 [err] cmin 5 an
area A7. As“jo%sﬂﬁd'sgent fromFI G 2, the higher the Nd and Ti
concentrations, t hi gher the specific resi stance. PETARIBOI6I F| G 2
shows that the Nd and Ti concentrations should be selected fromthe
area Al in order to set, at about 10 [err] cmor less, the
specific 10 resistance of the AI-Nd-Ti alloy thin filmformed with
the substrate tenperature kept at a roomt/qriper ature. Simlarly,
the Nd and Ti concentrations should be selected fromthe areas A
and A2 in order to set the specific resistance at about 20 [err] cm
or less. 15 Then, the dependency of the hillock characteristic

of the AI-Nd-Ti alloy thin fil mupon the concentrations of Ti and
Nd was tested, and test results as shown in FIG 3 were obtained.

In FIG 3, the hillock

FIG.1

22
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W77 77777,

)




occurrence tenperature is 240 - 270[err]Cin an area Bl, 20 270 -

300[err]Cin an area B2, 300 - 330[err]Cin an area B3, and 330 -
360[err]Cin an area B4. As is evident fromFI G 3, t he
occurrence of a hillock is suppressed in the area Bl when t he heat
treatment t¥®WHELre is 240 - 270[err]C Fur PAEPPOS(ORIS1
dependency of the pinhole 25 characteristic of the AI-Nd-Ti alloy thin
filmupon the concentrations of Ti and Nd was tested, and test
results as shown in FIG 4 were obtained. In FIG 4,

12 “the pinhole occurrence tenpegppfyre is 240 - 270[err]C in an

area Cl, 270 - 300[err]Cin an area C2, 300 - 330[err]C in an

FIG.2
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area C3,- and 330 - 360[err]Cin an area C4. . As is evident from
FIG 4, the occurrence of a pinhole is suppressed 5 in the area C
when the heat treatnment tenperature is 240 - 270[err]C :

In a case, for exanple, where the Nd concentration is 0.75 atn? and
the Ti conc@RMEBHWn is 0.5 atnth the hill ock occuPCEJRes/1361
tenperature is on the boundary 10 between the areas Bl and B2 in FIG
3, while the pi nhol e occurrence tenperature is on the boundary
between the areas Cl and C2 in FIG 4. Accordingly, t he occurrence
of any hillock and any pinhole can be g741 suppressed by setting the
heat treatnent tenperature at 15 240 - 270[err]C. Moreover, when the
Nd and Ti concentrations are 0.75 atnPhand 0.5 atn®g respectively,
the specific resistance falls in the area Al (10 [err] cm or |ess)
in FIG 2, and the specific resistance of the Al -Nd-Ti alloy thin

filmfornmed by setting the
FIG.3
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20 - substrate tenperature at a roomtenperature can be set at

about 8 [err]cm In addition, it is roughly estimated from FIGS. 5
and 7 that the specific resi stance can be nade | ower than about 8
[err] cm by_the heat treatnment. In other words, when the heat .25
treatment | Y4B ned, the area Al in which the s BEER9891361

resi stance can be kept at 10 [err] cmor less is br oadened to the
area A2 in FIG 2. Accordingly, the ’

13 specific resistance of the AI-Nd-Ti alloy thin film

after the heat treatnent is set at aboutg/f0gf[err] cm or

FIG.4
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| ess by setting the total of the Nd and Ti concentrations to about

1.5 atnfoor |less (each of the 5 Nd concentration and the Ti
concentration should be set at 0.1 atnm or nore). Furthernore, as
is evident from FIGS. 3 and 4, the occurrence of a_hillock and a

pi nhol e can W& 8t antially suppressed in the case of PCTAPR8{A361 ot 5
concentration range of about 1.5 atnPoor less, 10 when the heat
treatment is 240 - 270[err]C. : A description will be given of a
case where the specific resistance of the AI-Nd-Ti alloy thin film
s set at about 18 [err] cmas i8fihe Al-Ti alloy thin film

If the total of the Nd and Ti concentrations to, for 15 exanpl e, about
3.5 atntoor |ess (ed ! TO | @
concentration shoul d be\set at \ 0.1 nY or nore), the spegific

resi stance of the All- Nd‘\Ti akl oy thin

ilmformed by settjing the

substrate tanpera& ure at \he r‘oomtenpelature is about 20{[err]cm

20 or less as shown i \FI G ¢.\ I;hthe ca egof t he total
S \

o\ ~

-~
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4
Ti (atm%)
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concentration range of about 3.5 atnoor less, it is evi dent from

FIGS. 3 and 4 that although a small nunber of hillocks or pinholes
occur when the heat treatnent tenperature is 240 - 270[err]C, their
occurrence can bfs 25 suppressed by increasing the heat treatnent
temperature. YO58 Also in this case,. it is roughly esti RETERIYMICH F| GS,
5 and 7 that the specific resistance can be nmade | ower

14 t han about 20 [err] cmby the heat treatnent. |n other

wor ds, when the heat treatnent is perforned, the specific

resistance of the AI-Nd-Ti alloy thin filgzfgn

Ti (atm%)

FIG.6
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be set to about 18 [err]Jcmor |ess. 5 The Nd concentration of
the AI-Nd-Ti alloy thin filmwll be considered. In the area Cl in
FIG 4, for exanple, a pinhole will occur irrespective of the Nd
concentrati qpoWhigddst Ne heat treatment tenperature is 240 -

270[ err]C. On the other hand, in the area BL in 10 FI GCTIPIO136] | ock
w Il occur at the heat treatnent tenperature of 240 - 270[err]C, if
the Nd concentration is | ower than 1 atnP This nmeans that the Nd
concentration nmay be set at about 1 atnPo by considering t he
occurrence of a hillock and not the occupfegce of a 15 pi nhol e.  \Wen
the Nd concentration is set at about 1 atntg it is preferable, in

| ight of the speciff{c resrstance, to set—the—Tr——concent+r=at ®n at
about 0.1 -{2 atntg and nore preferable to set it at abouf
0.1 - 0.5 atnto 20 In the case of the Al-Ti alloy thin film it
is
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preferable to set the Ti concentration at about 2.9 atnoto realize

a |l ower specific resistance and an excel l ent anti-hillock
characteristic (at the heat treatnment tenperature of 250[err]C), as
is shown in Wo(ﬁmsésl 25 and 6. In the case of the AI-Nd alloy thin
film it is preferable to set the Nd concentration RETARWBOE362 at nto
to realize a |l ower specific resistance and an excel | ent
15 anti-hillock characteristic (at the heat treatnent
tenperature of 250[err]C), as is showmn in FIGS. 7 and 9. On t he
ot her hand, in the case of the Al-Nd-Ti @Mqy thin film the total
concentration of Nd and Ti can be set
©
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5 at -about 1.5 atnfohor |less. Therefore, when the Al-Nd- Ti
alloy thin filmis used, the required anounts of expensi ve Nd and
Ti can be reduced as conpared with the case of the Al alloy thin

filmwhich Cﬁ@ﬁﬁjﬂﬁlonly Ti or Nd. This wll lead to reduction of a
manuf act uri ng j cost . Al t hough in the abBGBIR¥EB61 ption

the substrate of the invention is applied to a display device, it
can al so be applied to various devices other than the T

di spl ay device. Further, the wiring is not limted to 15 t he scanni ng
| i ne which includes the gate el ectrode 09/11 the thin filmtransistor,
but nmay be used as a source el ectrode, a drain electrode or a data
line. This case ——wiH—be—brt+efy—exptai-red—w-threference t @ Fl G
11. To provilde, for exanple, a data line of an Al-Nd-Ti ﬁO
alloy thin filmon & gate insulating film4 by patterning| an
nferr]-type silicon]layer or a chrom um
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| ayer nmay be forned on the gate insulating film4 to prevent a

pi xel el ectrode 11 nade of 1 TO from being damaged by an Al etching
solution, and then an Al-Nd-Ti 25 alloy thin filmnmay be fornmed on the
resul t ant structure for formng, for exanple, a data line.

Mor eover, tKEW4Mg is not linmited to the Al -Nd-Ti PCT/AIP98/01361

16 alloy thin film but may be formed of an Al alloy thin

fil mwhich contains one or nore rare earth el ements and one or nore
Ti, Ta, M, Cr, Au, Ag, Cu. As descri bed above, according to
the invention, to 10/11

FIG.10
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5 . formwring of, for exanple, an Al-Nd-Ti alloy thin film

enabl es reduction of its specific resistance to a val ue equal to or
| ower than the wiring formed of the Al -Ti alloy thin film and al so
enabl es suppressi on of the occurrence of a hillock or a pinhole. In
this case, %%98’45881“ is preferable to set the total conceRCTHPISM3GT Nd
and Ti at fromabout 3.5 atnfoor |ess to about 0.2 atnt or nore
(supposing that the Nd concentration is equal to the Ti
concentration). Also, it is preferable to set the specific
resistance of the Al-Nd-Ti alloy thin X949 filmat about 10 - 1 [err]cm
CLAI V5 1. A Wring substrate conpri sing: a substrate;
and

FIG.11
PRIOR ART
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& conductor formed on the substrate, wherein the conductor is mde Qi o
an al consisting essentially of alum num jpreeey+s e
and ti E mq!el 1" Jl ns at |east about p.1 atnbbneodym um aMPbACEMENT SHEET [

| east Thatfdetitani umwith a maximumtotal anount off t,. St
and neodym um of about 3.5 atnto %‘r/)‘ é W ring substratje g]ogw
claim1, wherein the total concentrati M neogq yr]
titaniumcontained in the alumumalloy is 3. 5 at n? or e
3. A wirifg subswiriagesubstietelcorgptisingl ai m 2, wherein the concentrati
neodym um contained in the alumnumalloy is 2.0 atn?o or |essS. % .
W ring substrat eagaubetrdtergndo claim 1, wherein the total concentration of
15 neodym um and titaniumcontained in the alumnumalloy is 1.5

at nbo or a cond@igfor formed ofthe sﬁb%étb”ﬂhé#@?ﬁ?ﬁ@&@mﬁﬁﬁ@ﬁ 2] Jﬁgdé @fcl aim

4I wher ei nllthe concentration neodym um contai ned 1 n the g
Fo cl aim 4, wher M dREHES: aﬁé%k@?&h%%nsaasﬂ%essen‘f‘aw oL SRuTHiTD. PG PERE. "or

10 ferr] emor e and titanium and contams 18 at Iodst a%ou roat & nst: 9 rT|Peodsym|gm and at

on of

least about.0.1 atm%_titanium with a maximum total amount of titanium

and neodymium of about 3.5 atm%.

2. A wiring substrate according to claim 1, wherein the total concentration of
: 16 | | neodymium and titanium contained in the alumium alloy is 3.5 atm% or
less. |
3. A wiring éubstrate according to claim 2, wherein the concentration of

neodymium contained in the aluminum alloy is 2.0 atm% or less.

4, A wiring substrate according to claim 1, wherein the total concentration of

15 neodymium and titanium contained in the aluminum alloy is 1.5 atm% or
less.
5. A wiring substrate according to claim 4, wherein the concentration of

neodymium contained in the aluminum alloy is 1.0 atm% or less. |

6. A wiring substrate according to claim 4, wherein the conductor has a
120 | specific resistance of 10 uQ cm or less.
7. A wiring substrate comprising:

a substrate:
a semiconductuor element formed on the substrate

a conductor formed on the substrate and electrically connected to the

384
w

~ semiconductor element, wherein
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a subst
a cond
sem co

18

essentially
| east about 0.1 the conductor maderts oferdgimminumrallogtwhielsbnsibiing eSsdntailiy?o
titaniumw th a maxi num total anmount of titanium and neodym um

of about 3.5 at ngpalurmiinurs; neoa‘ymmm 88d Sitdelmhairy &ﬁﬁﬁhg'a@ﬂbés?aﬁbat 017,

wherein the total concentration of

a seni conductuor el enent forned on

e,S 3
substrate and electrically conneqted Z {JW 3@%

i W

. i b i

—

the conductor made is of @n al um num al | oy \Ijml ch consisting

of alum num neodym umand titaniu

neodym um and titani um

contained in the ﬁﬁ#fﬁé&aghﬁhh%d ?t |§a§f8§\5§gfo°‘i atm?% titanium with! ximu 9.

A wiring substraie Accor ing to ¢

rern t e concen r fon O

) i 10 10. A
neodym um cont ai ngacj iy trﬂd)f?' urgl;llgﬁrqrﬁ X @Phogﬁ ‘{r{gﬁ‘g?t@éﬁicentration of

Wi ring substrat

5

10

8.

10.

1.
12.

13.

A wiring substrate according to claim 7, wherein the total concentration of

neodymium and titanium contained in the aluminum alloy is 3.5 atm% or

less.

A wiring substrate according to claim 8, wherein the concentration of -

neodymium contained in the aluminum alloy is 2.0 atm% or less.

A wiring substrate a'ccording to élaim 7, wherein the total concentration of

neodymium and titanium contained in the aluminum alloy is 1.5 atm% or

less.

A Wiring substrate according to claim 10, wherein the concentration of

- neodymium contained in the aluminum alloy is 1.0 atm% or less.

A wiring substrate according to claim 7, wherein the wiring substrate is

obtained after a heat treatment of 250°C or less.

- A method of manufacturing a wiring substrate, comprising

preparing a substrate;

the steps of:

forming on the substrate a conductor made of an aluminum alloy which

consisting essentially of aluminum, neodymium and titanium and

contains at least about 0.1 atm% neodymium and at least

about 0.1 -

atm% titanium with a maximum total amount of titanium and neodymium

of about 3.5 atm%;

forming on the substrate a semiconductor element electrically connected

to the conductor; and
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laim 7,

eodym um and t|ta m contained in the alumnumalloy is 1.
| ess ‘;“‘“‘“m H““\rl ng substrate according to claim 10,
concém\‘ neodym um gontained in the alu
1.0 atn®cCor "l eSs. 15 12. A wiring subStrate according to

wherein the wiri g subst(ea IS obt ai ned after a—heat
treat ment of: ZSOF ?W}Q’,‘ab aspQre of the congyctorg ﬁo?(?”&ipoﬂ%l-lﬁi‘f’%@ﬁﬂ'ﬁfﬁ@ta

W ring substrate, conprl sing the steps of: preparing a
substrat e; 300°C or lesst i ng on the substrate a conductor nade of an
al um num al l oy which 20 consi sting essentially of alum num

neodym um amg. t i Aanethodeactording to claim 13, WH¥raintheabtal eesdertilioh ¢f theat NP
neodym um and at | east about 0.1 atmotitaniumw th a nmaxi num

total amount of hbba@uthiim aRe tR&AdEdHRINed in the alummt?m A ‘l{; 35 atraid 8k

formng on the substrate a sem conductor elenment electric y connected 25
to the cg)nductort gnd

| 15. A method of manufacturing a wiring substrate, comprising the steps of:
preparing a substrate; |
'formmg a semiconductor element on the substrate;
forming on the substrate a conductor made of an aluminum alloy which
10 | consisting essentially of aluminum, neodymium and titanium and
contains at least about 0.1 atm% neodymium and at least about 0.1
atm% titanium with a maximum total amount of titanium and neodymium
of ab.out 3.5 atm%, such that the conductor is electrically connected to
the semiconductor element; and
15 heating at least one of the conductor and the semiconductor element. at
300°C or less.

16. A method according to claim 15, wherein the total concentration of the
neodymium and titanium contained in the aluminum alloy is 3.5 atm% or
less.

20 17. A wiring substrate according to cla_im 5, wherein the concentration of
titanium is. more than 0.1 atm%.

18. A wiring substrate according to claim 10, wherein _the

concentration of titanium is more than 0.1 atm%.
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A wiring substrate is dis-

closed, which has optimal char- 22
acteristics for, for example, an
active matrix type liquid crys-

tal display device with a thin / { / ZV/\ / / / / /

film transistor. Wiring formed of
an AMNd-Ti alloy thin film is
formed on a glass substrate, and
if necessary, a semiconductor el-

ement which is electrically con- ‘r\
nected to the wiring is formed. In

this case, the specific resistance
of the AI-Nd-Ti alloy thin film
is about 8 u{2 cm if the Nd con-
centration is 0,75 at % and the Ti
concentration is 0.5 at %. Fur-
ther, even if the resultant sub-
strate isel:leated at 240 — 270 °C after the formation of the wiring, occurrence of a hillock and a pinhole is substantially completely
suppressed.




