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ACTIVE MATRIX SUBSTRATE FOR LIQUID
CRYSTAL DISPLAY UTILIZING
INTERCONNECTION LINES FORMED
FROM MULTILAYERED FILMS THAT
INCLUDE AN ALUMINUM-NEODYMIUM
ALLOY LAYER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an active matrix substrate
for a liquid crystal display and a method of fabricating an
active matrix substrate.

2. Description of the Related Art

Active matrix substrates are widely used in liquid crystal
displays and include interconnections. The interconnections
include assemblies of scanning and signal lines. In order to
create the interconnections, the fabrication of such active
matrix substrates requires deposition of a mask each time
upon application of photolithography and etching. Deposi-
tion of a mask requires time and cost. A need remains to
minimize the number of steps of the mask deposition in a
direction toward a cost and time reduction in fabricating an
active matrix substrate. Various fabrication methods have
been proposed, which use four or five masks. Examples of
such fabrication methods using five masks are found in JP-A
9-171197 and JP-A 9-197433. An example using four masks
is found in JP-A 2000-164886.

For reliable interconnections within a limited area, exten-
sive efforts have been made on development of the material
of scanning and signal lines. One example of such material
is a pure aluminum (Al) because a thin film of pure alumi-
num is easy to form and it has a sufficiently low specific
resistivity, which property scanning and signal lines should
possess. Heat treatment, such as baking or annealing, after
forming the scanning and signal lines out of the material is
unavoidable. However, the pure aluminum has poor capacity
to withstand heat, minute protrusions, called hillocks, are
formed on the surface during such heat treatment. Although
the mechanism of the formation of hillocks has not been
clarified satisfactorily, stress migration, thermal migration,
etc., play important roles. Such hillocks cause several
problems, such as, short circuit among scanning and signal
lines, and penetration of etchant through holes made in a
dielectric layer and a protective layer due to the growth of
hillocks.

To avoid the occurrence of hillocks, various aluminum
alloys have been studied and proposed, which contains a
small mass percent (wt %) high melting point metal or rare
earth metal. Aluminum-neodymium (Al—Nd) alloy is one
example.

The use of Al—Nd alloy as interconnections is known
from JP-A 2000-275679, JP-A 2000-47240 and JP-A 2000-
314897.

JP-A 2000-275679 shows a double-layered film including
an under-layer of Al—Nd alloy and an over-layer of high
melting point. It teaches wet etching the double-layered film
to form gate electrodes of an active matrix substrate.

JP-A 2000-47240 shows a double-layered film including
an under-layer of Al—Nd alloy that contains 1 wt % to 4.5
wt % Nd and an over-layer of high melting point metal. It
teaches wet etching the double-layered film to form scan-
ning lines or signal lines. The signal lines have a tapered
cross sectional profile, the taper angle of which ranges from
40° to 55°. It also teaches forming such lines out of a
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2

triple-layered film., The triple-layered film includes an
under-layer of high melting point metal, a middle-layer of
Al—Nd alloy and an over-layer of high melting point metal.
There is no specific description on the etching of such
triple-layered film.

JP-A 2000-314897 shows scanning and signal lines, each
coated with a layer of alumina. A double-layered film or a
triple-layered film is wet etched to form such lines. The
double-layered film includes an under-layer of high melting
point metal and an over-layer of Al alloy. The triple-layered
film includes an under-layer of high melting point metal, a
middle-layer of Al alloy and an over-layer of high melting
point metal. The high melting point metal is selected from a
group consisting of pure Cr, Cr alloy, pure Mo and Mo alloy.
The Al alloy contains 0.1 atomic % to 1.0 atomic % of at
least one element selected from a group consisting of Ti, Ta,
Nd, Y, La, Sm and Si.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an active
matrix substrate having interconnections free from hillocks.

Another object of the present invention is to provide a
method of fabricating an active matrix substrate, which
results in forming interconnections free from hillocks.

According to one exemplary implementation of the
invention, there is provided an active matrix substrate,
comprising;

a substrate;

a matrix array of thin film transistors (TFTs) disposed

within a display area on said substrate;

a double-layered film including an under-layer of
aluminum-neodymium (Al—Nd) alloy and an over-
layer of high melting point metal, said double-layered
film forming first interconnection lines for connection
to said TFTs; and

a triple-layered film including an under-layer of said high
melting point metal, a middle-layer of said Al—Nd
alloy and an over-layer of said high melting point
metal, said triple-layered film forming second intercon-
nection lines for connection to said TFTs.

According to another exemplary implementation of the
invention, there is provided a method of fabricating a active
matrix substrate including a substrate, a matrix array of thin
film transistors (TFT5) disposed within a display area on the
substrate, scanning lines for connection to the TFTs, and
signal lines for connection to the TFTs, said method com-
prising:

forming a double-layered film including an under-layer of
aluminum-neodymium (Al—Nd) alloy and an over-
layer of high melting point metal; and

removing portions of said double-layered film to form the
scanning lines.

According to other exemplary implementation of the
present invention, there is provided a method of fabricating
a active matrix substrate including a substrate, a matrix array
of thin film transistors (TFTs) disposed within a display arca
on the substrate, scanning lines for connection to the TFTs,
and signal lines for connection to the TFTs, said method
comprising;

forming a triple-layered film including an under-layer of
high melting point metal, a middle-layer of Al—Nd
alloy and an over-layer of said high melting point
metal; and

removing portions of said triple-layered film to form the
signal lines.
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BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features and advantages
of the invention will be apparent from the following more
particular description of exemplary embodiments of the
invention as illustrated in the accompanying drawings. The
drawings are not necessarily scale, emphasis instead being
placed upon illustrating the principles of the invention.

FIG. 1 is a schematic view of an active matrix substrate
for a liquid crystal display.

FIG. 2 is a schematic view of one pixel region of the
active matrix substrate.

FIGS. 3(a), 3(b), 3(c), 3(d) and 3(¢) are cross sectional
views taken through the line 3—3 in FIG. 2, showing the
variation of state over five representative fabrication steps.

FIGS. 4(a), 4(b), 4(c), 4(d) and 4(e) are cross sectional
views taken through the line 4—4 in FIG. 2, showing the
variation of state over the five representative fabrication
steps.

FIGS. 5(a), 5(b), 5(c), 5(d) and 5(e) are cross sectional
views taken through the line 5—5 in FIG. 2, showing the
variation of state over the five representative fabrication
steps.

FIG. 6 is a sectional view of portions of a liquid crystal
display incorporating the active matrix substrate.

FIG. 7 is a schematic view similar to FIG. 2, showing one
pixel region of another active matrix substrate.

FIGS. 8(a), 8(b), 8(c) and 8(d) are cross sectional views
taken through the line 8—8 in FIG. 7, showing the variation
of state over the four representative fabrication steps.

FIGS. 9(a), 9(b), 9(c) and 9(d) are cross sectional views
taken through the line 9—9 in FIG. 7, showing the variation
of state over the four representative fabrication steps.

FIGS. 10(a), 10(b), 10(c) and 10(d) are cross sectional
views taken through the line 10—10 in FIG. 7, showing the
variation of state over the four representative fabrication
steps.

FIGS. 8(b)-1, 8(b)-2, 8(b)-3, 8(b)-4 and 8(b)-5 arc cross
sectional views taken through the line 8—8 in FIG. 7,
showing the variation of state over the five subsequent
fabrication sub-steps to the fabrication process illustrated in
FIG. 8(a) to accomplish the state as illustrated in FIG. 8(b).

FIGS. 9(b)-1, 9(b)-2, 9(b)-3, 9(b)-4 and 9(b)-5 are cross
sectional views taken through the line 9—9 in FIG. 7,
showing the variation of state over the five subsequent
fabrication sub-steps to the fabrication process illustrated in
FIG. 9(a) to accomplish the state as illustrated in FIG. 9(b).

FIGS. 10(b)-1, 10(b)-2, 10(b)-3, 10(b)-4 and 10(b)-5 are
cross sectional views taken through the line 10—10 in FIG.
7, showing the variation of state over the five subsequent
fabrication sub-steps to the fabrication process illustrated in
FIG. 10(a) to accomplish the state as illustrated in FIG.
10(D).

FIG. 11 is a schematic view similar to FIG. 7, showing
one pixel region of other active matrix substrate.

FIGS. 12(a), 12(b), 12(c), 12(d) and 12(e) are cross
sectional views taken through the line 12—12 in FIG. 11,
showing the variation of state over five representative fab-
rication steps.

FIGS. 13(a), 13(b), 13(c), 13(d) and 13(e) are cross
sectional views taken through the line 13—13 in FIG. 11,
showing the variation of state over the five representative
fabrication steps.

FIGS. 14(a), 14(b), 14(c), 14(d) and 14(e) are cross
sectional views taken through the line 14—14 in FIG. 11,

10

15

20

25

30

35

40

45

50

55

60

65

4

showing the variation of state over the five representative
fabrication steps.

FIGS. 15(a), 15(b), 15(c) and 15(d) are schematic views
of removing portions of a double-layered film to form a
scanning line if chromium (Cr) or chromium alloy is used as
an over-layer of high melting point metal.

FIGS. 16(a), 16(b), 16(c), 16(d) and 16(e) are schematic
views of removing portions of a triple-layered film to form
a signal line if chromium (Cr) or chromium alloy is used as
an over-layer of and an under-layer of high melting point
metal.

FIGS. 17(a), 17(b) and 17(c) are schematic views of
removing portions of a double-layered film to form a scan-
ning line if molybdenum (Mo) or molybdenum alloy is used
as an over-layer of high melting point metal.

FIGS. 18(z), 18(b) and 18(c) are schematic views of
removing portions of a triple-layered film to form a signal
line if molybdenum (Mo) or molybdenum alloy is used as an
over-layer of and an under-layer of high melting point metal.

FIGS. 19(a), 19(b), 19(c) and 19(d) are schematic views
of other etching process of removing portions of a triple-
layered film to form a signal line if molybdenum (Mo) or
molybdenum alloy is used as an over-layer of and an
under-layer of high melting point metal.

FIGS. 20(a), 20(b) and 20(c) are schematic views of
removing portions of a double-layered film to form a scan-
ning line if one selected from a group including titanium
(Ti), titanium nitride (TiN), tantalum (Ta), niobium (Nb),
tungsten (W), titanium alloy, titanium nitride alloy, tantalum
alloy, niobium alloy and tungsten alloy is used as an
over-layer of high melting point metal.

FIGS. 21(a), 21(b) and 21(c) are schematic views of is
removing portions of a triple-layered film to form a signal
line if one selected from a group including titanium (Ti),
titanium nitride (TiN), tantalum (Ta), niobium (Nb), tung-
sten (W), titanium alloy, titanium nitride alloy, tantalum
alloy, niobium alloy and tungsten alloy is used as an
over-layer of and an under-layer of high melting point metal.

FIG. 22 is a graph showing taper angle (or side angle) of
two different strips of photoresist as a function of baking
times after development at a baking temperature of 145° C.

FIG. 23 is a table presenting result of evaluating each of
samples in terms of levels of hillock, specific resistivity and
dry etching residue.

FIG. 24 is a table presenting result of evaluating each of
samples in terms of levels of post etching shape.

FIG. 25 is a table presenting result of evaluating each of
samples in terms of levels of contact resistivity and wet
etching residue.

DESCRIPTION OF THE EXEMPLARY
EMBODIMENTS

Referring to the accompanying drawings, the same ref-
erence numerals are used to designate same or similar parts
or portions throughout each view of Figures for the sake of
brevity of description.

With reference to FIGS. 1 to 6, a first exemplary embodi-
ment of an active matrix substrate 10 is described. FIG. 6
shows a liquid crystal display (LCD) incorporating the
active matrix substrate 10. Referring also to FIG. 6, the LCD
includes, in addition to the active matrix substrate 10, a color
filter substrate 40, and liquid crystal 46 interposed between
the two substrates 10 and 40. To prevent the liquid crystal 46
from leaking out of a display area of the LCD, a seal 45 is
provided between the substrates 10 and 40. The active
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matrix substrate 10 includes a transparent substrate 31, a
matrix array of thin film transistors (TFTs) 13 and pixel
electrodes 27, which are disposed in the display area on the
transparent substrate 31. The opposing color filter substrate
40 includes a transparent dielectric substrate 41, color filters
42, a black matrix 43 and common electrode 44. The LCD
includes orientation films 39 on the substrates 10 and 40,
respectively. The LCD also includes polarizing plates 47 on
the substrates 10 and 40, respectively. The LCD further
includes scanning line terminals 14 and signal line terminals
15.

In the first exemplary embodiment, the active matrix
substrate 10 includes a matrix array of inverted staggered
channel etch type TFTs as the matrix array of TFTs 13.
Fabrication of the active matrix substrate 10 requires steps
of forming a film and removing unnecessary portions of the
film, by etching, to form a desired profile. Such etching steps
require five (5) masks.

Referring now to FIGS. 1 and 2, the active matrix
substrate 10 is further described. Viewing in FIG. 1, the
active matrix substrate 10 includes, within the display area
on the transparent substrate 31 (see FIG. 6), an assembly of
parallel horizontal scanning (or gate) lines 11 and an assem-
bly of parallel vertical signal (or drain) lines 12. The
scanning lines 11 include portions forming gate electrodes,
only one being shown at 21 in FIG. 2, of the TFTs 13. The
signal lines 12 include portion forming drain electrodes,
only one being shown at 24 in FIG. 2, of the TFTs 13. Each
of the TFTs 13 is positioned near one of a number of
crossing points of the scanning and signal lines 11 and 12.
At end portions thereof, the scanning lines 11 form the
scanning line terminals 14, respectively. At end portions
thereof, the signal lines 12 are form the signal line terminals
15, respectively. Each of the pixel electrodes 27 is formed
within one of a number of rectangular areas, which are
defined by the scanning and signal lines 11 and 12.

FIG. 2 shows one pixel region of the active matrix
substrate 10 illustrating a scanning line 11 connected to a
gate terminal of a TFT 13, one pixel electrode 27 and the
preceding scanning line 11. The pixel electrode 27 includes
a portion overlapping a portion of the preceding scanning
line 11. These overlapping portions form a storage capacitor
25 that stores electric charges. The active matrix substrate 10
includes a light shielding layer 26 and an underlying metal-
lic film 32 of the scanning line terminals 14. Each scanning
line terminal 14 is exposed via a contact hole 37; see FIGS.
5(a) to 5(e). Referring to FIG. 3(e), the active matrix
substrate 10 includes a gate dielectric film 33 over the gate
electrode 21, a laminated semiconductor layer 22 opposed to
the gate electrode 21, a source electrode 23 and a drain
electrode 24. The source and drain electrodes 23 and 24 are
separated from each other and formed on the semiconductor
layer 22. As best scen in FIGS. 3(d), 4(d) and 5(d), a
passivation film 35 is grown on the surfaces of the source
electrode 23, drain electrode 24, signal line 12 connected to
the drain electrode 24, and the underlying metallic film 34
of each of signal line terminals 15. To establish access to the
source electrode 23, the passivation film 35 is formed with
a pixel contact hole 36. To expose the signal and scanning
line terminals 14 and 15, the passivation film 35 is formed
also with contact holes 37. As seen from FIGS. 2, 3(¢), 4(¢)
and 5(e), via the pixel contact hole 36, the pixel electrode 27
is connected to the source electrode 23. Via the contact holes
37, connecting electrodes 38 are connected to the underlying
metallic films 32 and 34, respectively.

With continuing reference to FIGS. 1, 2, 3(e), 4(e) and
5(e), according to the first exemplary embodiment, the
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active matrix substrate 10 comprises a matrix array of TFTs
13 disposed in the display area on the transparent substrate
31, and a matrix array of pixel electrodes 27 connected to the
TFTs 13. As mentioned before, the pixel electrodes 27 are
connected to the source electrodes 23 of the TETs 13. As best
seen in FIGS. 3(a) and 5(a), the active matrix substrate 10
also includes a double-layered film including an under-layer
211 of aluminum-neodymium (Al—Nd) alloy and an over-
layer 212 of high melting point metal. The double-layered
film is patterned to form the gate electrodes 21 of the TFTs
13 and the assembly of scanning lines 11 connected to the
gate electrodes 21. As best seen in FIGS. 3(c) and 4(c), the
active matrix substrate 10 further includes a triple-layered
film including an under-layer 231 of the high melting point
metal, a middle-layer 232 of the AI—Nd alloy and an
over-layer 233 of the high melting point metal. The triple-
layered film is patterned to form the drain electrodes 24 of
the TFTs 13 and the assembly of signal lines 12 connected
to the drain electrodes 24.

In the first exemplary embodiment, the active matrix
substrate 10 uses, as the high melting point metal, a high
melting point metal selected from a group consisting of
chromium (Cr), titanium (Ti), tantalum (Ta), niobium (Nb),
chromium alloy, titanium alloy, tantalum alloy, niobium
alloy, molybdenum (Mo), tungsten (W), titanium nitride
(TiN), molybdenum alloy, tungsten alloy, and titanium
nitride alloy.

The concentration of neodymium (Nd) within the Al—Nd
alloy, if it falls in an appropriate range, provides enhanced
wet etching without creation of hillocks. This appropriate
range of Nd, however, is dependent on the material selected
as the high melting point metal used in the double and
triple-layered films.

In the case where the active matrix substrate 10 uses, as
the high melting point metal, one selected from a group
consisting of chromium (Cr), titanium (Ti), tantalum (Ta),
niobium (Nb), chromium alloy, titanium alloy, tantalum
alloy, and niobium alloy, the Al—Nd alloy contains 0.01 wt
% to 1.00 wt % neodymium (Nd).

In the case where the active matrix substrate 10 uses, as
the high melting point metal, one selected from a group
consisting of molybdenum (Mo), tungsten (W), titanium
nitride (TiN), molybdenum alloy, tungsten alloy, and tita-
nium nitride alloy, the Al—Nd alloy contains 0.5 wt % to 1.0
wt % neodymium (Nd).

The active matrix substrate 10 according to the first
exemplary embodiment has an advantage that it is easy to
pattern and free from hillocks;

With reference now to FIGS. 1, 7, 8(a)-8(d), %(a)-9(d),
10(a)-10(a), 8(b)-1 to 8(b)-5, 9(b)-1 to 9(b)-5, and 10(b)-1
to 10(b)-5, a second exemplary embodiment of an active
matrix substrate 10 is described.

In the second exemplary embodiment, similarly to the
first exemplary embodiment, the active matrix substrate 10
includes a matrix array of inverted staggered channel etch
type TFTs as a matrix array of TFTs 13. Fabrication of the
active matrix substrate 10 requires steps of depositing to
form a film and etching to form a desired profile out of such
film. As different from the first exemplary embodiment, such
etching steps require four (4) sheets of masks or masking
layers.

The active matrix substrate 10 according to the second
exemplary embodiment is substantially the same as the
active matrix substrate 10 according to the first exemplary
embodiment except the outlines of separated source and
drain electrodes 23 and 24 that are formed on the underlying
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semiconductor layer 22. As best seen in FIG. 3(e), in the first
exemplary embodiment, the source and drain electrodes 23
and 24 extend beyond the sidewalls of the underlying
semiconductor layer 22 so that the sidewalls of the source
and drain electrodes 23 and 24 do not vertically align with
the sidewalls of the underlying semiconductor layer 22. FIG.
8(d) is comparable to FIG. 3(e). As best scen in FIG. 8(d),
in the second exemplary embodiment, the sidewalls of the
source and drain electrodes 23 and 24 vertically align with
the sidewalls of the underlying semiconductor layer 22.

With reference now to FIGS. 1, 11, 12(a)-12(¢), 13(a)
-13(e), and 14(a)-14(e), a third exemplary embodiment of
an active matrix substrate 10 is described.

In the third exemplary embodiment, as different from the
second exemplary embodiment, the active matrix substrate
10 includes a matrix array of inverted staggered TFTs of the
channel protective type as a matrix array of TFTs 13.
Fabrication of the active matrix substrate 10 requires steps
of depositing to form a film and etching to form a desired
profile out of such film. As different from the second
exemplary embodiment, such etching steps require five (5)
sheets of masks or masking layers.

The active matrix substrate 10 according to the third
exemplary embodiment is substantially the same as the
active matrix substrate 10 according to the second exem-
plary embodiment except the provision of a channel protec-
tive film 71 as shown in FIG. 12(b).

Referring to FIGS. 3(a)-3(¢), 4(a)-4(¢), and 5(a)-5(e),
steps for fabricating the first exemplary embodiment of
active matrix substrate 10 (see FIG. 2) are described. FIGS.
3(a), 4(a) and 5(a) illustrate one process of forming gate
electrodes and scanning lines. FIGS. 3(b), 4(b) and 5(b)
illustrate another process of forming gate dielectric film and
semiconductor layer. FIGS. 3(c), 4(c) and 5(c) illustrate still
another process of forming source electrodes, drain elec-
trodes and signal lines. FIGS. 3(d), 4(d) and 5(d) illustrate
further process of forming passivation film and contact
holes. FIGS. 3(e), 4(¢) and 5(e) illustrate other process of
forming conductors. As is readily seen from FIGS. 3(a), 4(a)
and 5(a), a double-layered film forms the gate electrodes and
the scanning lines. The double-layered film includes an
under-layer of Al—Nd alloy and an over-layer of high
melting point metal. As is readily seen from FIGS. 3(c), 4(c)
and 5(c), a triple-layered film includes an under-layer of
high melting point metal, a middle-layer of Al—Nd alloy
and an over-layer of high melting point metal.

In the process of FIGS. 3(a), 4(a) and 5(a), a sheet of
no-alkali glass having 0.7 mm thick is used as the transpar-
ent substrate 31. In the first exemplary embodiment, a
double-layered film is formed on the transparent substrate
31. The double-layered film includes an under-layer 211 of
Al—Nd alloy and an over-layer 212 of high melting point
metal. Sputtering is used to form the under-layer 211 of
Al—Nd alloy on the surface of the transparent substrate 31.
Subsequently, sputtering is used to form the over-layer 212
of high melting point metal on the under-layer 211. The
under-layer 211 of Al—Nd has about 200 nm thick. The
over-layer 212 of high melting point metal has about 100 nm
thick. Removing, including photolithography and etching,
portions of the double-layered film (211, 212) to form gate
electrode 21, scanning lines, storage capacitor electrodes,
light shielding layer, and underlying metallic film 32 of the
scanning lines.

In the case where the over-layer 212 of the double-layered
film is formed of a high melting point metal selected from
a group consisting of chromium (Cr), titanium (%), tantalum
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(T2), niobium (Nb), chromium alloy, titanium alloy, tanta-
lum alloy, and niobium alloy, the concentration of neody-
mium (Nd) of the under-layer 211 ranges from 0.01 wt % to
1.00 wt %.

In the case where the over-layer 212 of the double-layered
film is formed of a high melting point metal selected from
a group consisting of molybdenum (Mo), tungsten (W),
titanium nitride (TiN), molybdenum alloy, tungsten alloy,
and titanium nitride alloy, the concentration of neodymium
(Nd) of the under-layer 211 ranges from 0.5 wt % to 1.0 wt
%.

The detailed description on the manner of etching the
double-layered film to form scanning line will be made later.

In the process of FIGS. 3(b), 4(b) and 5(b), in the first
exemplary embodiment, a gate dielectric layer 33 and a
double-layered semiconductor layer 22 are formed. The
dielectric layer 33 is formed of a silicon nitride film having
about 400 nm thick. Plasma CVD is used to deposit the
silicon nitride film. Plasma CVD is used to deposit an
amorphous silicon (a-Si) under-layer 221 on the dielectric
layer 33. Plasma CVD is used to deposit a phosphorus-
doped (P-doped) n-type amorphous silicon (n*a-Si) over-
layer 222. The a-Si layer 221 has about 200 nm thick. The
n*a-Si layer 222 has about 30 nm thick. Photolithography
and etching on the doubled-layered structure forms the
semiconductor layer 22.

In the process of FIGS. 3(c), 4(c) and 5(c), according to
the first exemplary embodiment, a triple-layered film is
formed over the semiconductor layer 22 and the dielectric
layer 33. The triple-layered film includes an under-layer 231
of high melting point metal, a middle-layer 232 of Al—Nd
alloy and an over-layer 233 of high melting point metal.
Sputtering is used to form the under-layer 231 of high
melting point metal over surfaces of the semiconductor layer
22 and the dielectric layer 33. Sputtering is used to form the
middle-layer 232 of Al—Nd alloy on the surface of the
under-layer 231. Subsequently, sputtering is used to form the
over-layer 233 of high melting point metal on the middle-
layer 232. The under-layer 231 of high melting point metal
has about 50 nm thick. The middle-layer 232 of AI—Nd has
about 200 nm thick. The over-layer 233 of high melting
point metal has about 100 nm thick. Removing, including
photolithography and etching, portions of the triple-layered
film (231, 232, 233) results in forming source electrode 23,
drain electrode 24, signal lines 12, and underlying metallic
film 34 of the signal lines.

In the case where the under and over layers 231 and 233
of the triple-layered structure are formed of a high melting
point metal selected from a group consisting of chromium
(Cr), titanium (Ti), tantalum (Ta), niobium (Nb), chromium
alloy, titanium alloy, tantalum alloy, and niobium alloy, the
concentration of neodymium (Nd) of the middle-layer 232
ranges from 0.01 wt % to 1.00 wt %.

In the case where the under and over layers 231 and 233
of the triple-layered structure are formed of a high melting
point metal selected from a group consisting of molybdenum
(Mo), tungsten (W), titanium nitride (TiN), molybdenum
alloy, tungsten alloy, and titanium nitride alloy, the concen-
tration of neodymium (Nd) of the middle-layer 232 ranges
from 0.5 wt % to 1.0 wt %.

The detailed description on the manner of etching the
triple-layered film to form signal line will be made later.

To separate the source and drain electrodes 23 and 24
from each other, etching is used to remove the portion of
n,a-Si layer 222 disposed between them. The etching may
utilize, as a masking layer, a photoresist, which is used for
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forming the source and drain electrodes 23 and 24. If
desired, after having removed the photoresist, the source and
drain electrodes may be used as a masking layer. The use of
hydrochloric acid (HCI) must be prohibited as an element of
etchant gas. The etchant gas may be one selected from a
family of fluoride-based gas. The etchant gas may be a
mixture of one selected from the family of fluoride-based
gas and another selected from a family of chloride-based
gas. In the exemplary embodiment, the family of chloride-
based gas excludes HCL. One example of such etchant is a
mixture gas of sulfur hexafluoride (SFy), chloride (CL,) and
hydrogen (H,). Using this mixture gas as etchant, the
etching may be performed (one step etching). Another and
other examples are a first mixture gas of methane trifluoride
(CHF;), oxygen (O,) and helium (He), and a second mixture
gas of SF, and He, respectively. Using the first and second
mixture gases, the etching may be performed in two steps.
The etching may be performed in various modes. One
example is plasma etching (PE mode). Another example is
reactive ion etching (RIE mode). It is confirmed that the
etching, without HCI, effectively prevents corrosion of
Al—Nd alloy.

In the process of FIGS. 3(d), 4(d) and 5(d), plasma CVD
is used to deposit a film of silicon nitride (SiN) over the
entire surface of the underlying structure as the passivation
film 35. The passivation film 35 has about 200 nm thick.
Using photolithography and etching, pixel contact holes 36
and terminal contact holes 37 are formed through the
passivation film 35.

In the process of FIGS. 3(¢), 4(¢) and 5(e), sputtering is
used to deposit a film of indium tin oxide (ITO) or indium
zinc oxide (IZO) as a transparent conductive film. The
transparent conductive film has about 50 nm thick. Photo-
lithography and etching on the transparent conductive film
result in forming pixel electrode 27 and connecting elec-
trodes 38 of the terminals. Oxalic acid (C,H,0,) is used in
etching the transparent conductive film. Since such weak
acid as oxalic acid is used, the underlying A—Nd is
prevented from being damaged during the etching of such
transparent conductive film of ITO or IZO. If ITO is to be
deposited to form a transparent conductive film, simulta-
neously with introduction of argon (Ar) and oxygen, water
is introduced into a process chamber of sputtering equip-
ment to create, within the chamber, atmosphere-containing
water at partial water pressure ranging from 2x107> pa to
5x1072 pa, and ITO is deposited by DC magnetron sputter
to form a film. During this sputtering, the substrate is
processed at room temperature so that heating of the sub-
strate is not needed. This makes it possible to use oxalic acid
in etching the transparent conductive film. Besides, this
suppresses an increase in electrical contact resistance
between the transparent conductive film and the underlying
metallic film. The discussion on this suppression will be
made later.

At about relatively low temperature of 270° C., the
damages due to sputtering are removed by annealing to
complete the active matrix substrate 10.

Etching steps of a double-layered film and a triple-layered
film to form scanning and signal lines will now be described
in the case where chromivm (Cr) or chromium alloy is used
as high melting point metal.

With reference to FIGS. 15(a), 15(b), 15(c) and 15(d), an
etching process for removing portions of a double-layered
film to form a scanning line 11 is now described.

Referring to FIG. 15(a), the double-layered film is formed
on the transparent substrate 31. The double-layered film
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10
includes an under-layer 211 of A1—Nd alloy that contains
0.01 wt % to 1.00 et % Nd and an over-layer 212 of high
melting point metal that is chromium (Cr). Photoresist 93 is
applied to the surface of the over-layer 212 and formed into
a desired pattern as shown in FIG. 15(a) by exposure and
development.

Referring to FIG. 15(b), using the photoresist 93 as mask,
wet etching is applied at room temperature to remove
unmasked portions of the over-layer 212 of Cr. A mixture of
ammonium cerium (IV) nitrate and nitric acid (HNO,) is
etchant for the wet etching. The wet etching may be per-
formed in any desired mode, such as shower mode or dip
mode.

Referring to FIG. 15(c), using the same photoresist as
mask, dry etching is applied to remove unmasked portions
of the under-layer 211 of Al—Nd. Chlorine (CL,) and boron
trichloride (BCL,) are used as etchant gas. In the exemplary
embodiment, reactive ion etching (RIE) is performed at
pressure of 1.3 pa. The flow rate of Cl, is 60 sccm and the
flow rate of BCL, 20 scem. The distance between electrodes
is 150 mm.

Referring to FIG. 15(d), the photoresist 93 is removed to
provide the scanning line 11.

With reference to FIGS. 16(a), 16(b), 16(c), 16(d) and
16(e), an etching process for removing portions of a triple-
layered film to form a signal line 12 is now described.

Referring to FIG. 16(a), the triple-layered film is formed
on the gate dielectric layer 33. The triple-layered film
includes an under-layer 231 of high melting point metal that
is chromium (Cr), a middle-layer 232 of Al—Nd alloy that
contains 0.01 wt % to 1.00 et % Nd and an over-layer 233
of high melting point metal that is chromium (Cr). Photo-
resist 104 is applied to the surface of the over-layer 233 and
formed into a desired pattern as shown in FIG. 16(a) by
exposure and development.

Referring to FIG. 16(b), using the photoresist 104 as
mask, wet etching is applied to remove unmasked portions
of the over-layer 233. Similarly to the previously described
etching process in connection with FIG. 15(b), a mixture of
ammonium cerium (IV) nitrate and nitric acid (HNO,) is
etchant for this wet etching. The wet etching may be
performed in any desired one of modes, including puddle
mode and dip mode. The pattern of photoresist 104 has a
sidewall tapered upward from the surface of the triple-
layered film as shown in FIGS. 16(a) and 16(b) at an angle
ranging from 30° to 55°. The discussion on this angle of the
sidewall will be made later.

Referring to FIG. 16(c¢), using the same photoresist 104 as
mask, wet etching is applied at temperature ranging from
40° C. to 50° C. to remove unmasked portions of the
middle-layer 232 of AI—Nd. A mixture of phosphoric acid
(H5PO,), nitric acid (HNO,) and acetic acid (CH,—COOH)
is the etchant used in this wet etching. The wet etching may
be performed in any desired mode, such as shower mode or
dip mode.

Referring to FIG. 16(d), using, as etching gas, chlorine
(Cl)) and oxygen (0O,), dry etching is applied to etch the
under-layer 231. In the dry etching process, the photoresist
104 loses volume due to ashing by O, thereby to expose an
overhang portion, as shown in FIG. 16(c), of the over-layer
233, allowing removal of the overhang portion by the dry
etching. This dry etching may be performed in any desired
mode, such as PE mode or RIE mode. Such loss in volume
of the photoresist 104 due to ashing is easy to occur by
tapering the sidewall of the photoresist 104 at an angle
ranging from 30° to 55°.
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Referring to FIG. 16(e), the photoresist 104 is removed to
provide the signal line 12.

Etching steps of a double-layered film and a triple-layered
film to form scanning and signal lines will now be described
in the case where molybdenum (Mo) or molybdenum alloy
is used as high melting point metal.

With reference to FIGS. 17(a), 17(b) and 17(c), an etching
process for removing portions of a double-layered film to
form a scanning line 11 is now described.

Referring to FIG. 17(a), the double-layered film is formed
on the transparent substrate 31. The double-layered film
includes an under-layer 211 of Al—Nd alloy that contains
0.5 wt % to 1.0 wt % Nd and an over-layer 212 of high
melting point metal that is molybdenum (Mo). Photoresist
93 is applied to the surface of the over-layer 212 and formed
into a desired pattern as shown in FIG. 17(a) by exposure
and development.

Referring to FIG. 17(b), using the photoresist 93 as mask,
wet etching is applied at temperature ranging from 40° C. to
50° C. to remove unmasked portions of the over-layer 212
of Mo and under-layer 211 of AI—Nd. A mixture of phos-
phoric acid (H;PO,), nitric acid (HNO;) and acetic acid
(CH,—COOH) is the etchant used in this wet etching. The
composition of the etchant is adjusted such that the etch rate
of Mo is greater than the etch rate of Al—Nd. One example
of the preferred ratio in mass % of phosphoric acid (H;PO,),
nitric acid (HNO,) and acetic acid (CH,—COOH) is 72:4.4
to 5.4:8. Another example of such ratio is 74:4.2 to 5.2:6.
The wet etching may be performed in any desired mode,
such as shower mode or dip mode. However, shower mode
with or without one of puddle mode and dip mode are
preferred.

Referring to FIG. 17(c), the photoresist 93 is removed to
provide the scanning line 11.

With reference to FIGS. 18(a), 18(b) and 18(c), an etching
process for removing portions of a triple-layered film to
form a signal line 12 is now described.

Referring to FIG. 18(a), the triple-layered film is formed
on the gate dielectric layer 33. The triple-layered film
includes an under-layer 231 of high melting point metal that
is molybdenum (Mo), a middle-layer 232 of AI—Nd alloy
that contains 0.5 wt % to 1.0 wt % Nd and an over-layer 233
of high melting point metal that is molybdenum (Mo).
Photoresist 104 is applied to the surface of the over-layer
233 and formed into a desired pattern as shown in FIG. 18(«)
by exposure and development.

Referring to FIG. 18(b), using the photoresist 104 as
mask, wet etching is applied at temperature ranging from
40° C. to 50° C. to remove unmasked portions of the
over-layer 233, middle-layer 232 and under-layer 231. A
mixture of phosphoric acid (H;PO,), nitric acid (HNO,) and
acetic acid (CH,—COOH) is the etchant used in this wet
etching. The composition of the etchant is adjusted such that
the etch rate of Mo is greater than the etch rate of Al—Nd.
One example of the preferred ratio in mass % of phosphoric
acid (H5PO,), nitric acid (HNO,) and acetic acid (CH;—
COOH) is 72:4.4 to 5.4:8. Another example of such ratio is
74:4.2t05.2:6. The wet etching may be performed in shower
mode with or without one of puddle mode and dip mode. As
compared to the above-described etching process of the
double-layered film to form the signal line, the etching
process of the triple-layer film to form the signal line has less
process margin. Particularly, the side etching of the under-
layer 231 of Mo is prominent. Thus, etching conditions must
be optimized accounting for the thickness of each of three
layers 233, 232 and 231 of the triple-layered structure.
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Referring to FIG. 18(c), the photoresist 104 is removed to
provide the signal line 12.

Other etching process of a triple-layered film to form
signal line will now be described in the case where molyb-
denum (Mo) or molybdenum alloy is used as high melting
point metal.

With reference to FIGS. 19(a), 19(b), 19(c) and 19(d), an
etching process for removing portions of a triple-layered
film to form a signal line 12 is now described.

Referring to FIG. 19(a), the triple-layered film is formed
on the gate dielectric layer 33. The triple-layered film
includes an under-layer 231 of high melting point metal that
is molybdenum (Mo), a middle-layer 232 of AI—Nd alloy
that contains 0.5 wt % to 1.0 wt % Nd and an over-layer 233
of high melting point metal that is molybdenum (Mo).
Photoresist 104 is applied to the surface of the over-layer
233 and formed into a desired pattern as shown in FIG. 19(a)
by exposure and development.

Referring to FIG. 19(b), using the photoresist 104 as
mask, wet etching is applied at temperature ranging from
40° C. to 50° C. to remove unmasked portion of the
over-layer 233 to expose the underlying middle-layer 232
and to etch the middle-layer 232 halfway to remove upper
portion thereof. A mixture of phosphoric acid (H,PO,),
nitric acid (HNO,) and acetic acid (CH;—COOH) is the
etchant used in this wet etching. The composition of the
etchant is adjusted such that the etch rate of Mo is greater
than the etch rate of AI—Nd. One example of the preferred
ratio in mass % of phosphoric acid (H;PO,), nitric acid
(HNO;) and acetic acid (CH;—COOH) is 72: 4.4 to 5.4:8.
Another example of such ratio is 74:4.2 to 5.2:6. The wet
etching may be performed in any desired mode, such as
shower mode or dip mode. However, shower mode with or
without one of puddle mode and dip mode are preferred.

Referring to FIG. 19(c), subsequently, the remaining
portion of the middle-layer 232 is removed by dry etching.
Chlorine (CL,) and boron trichloride (BCL;) are used as
etchant gas. In the exemplary embodiment, reactive ion
etching (RIE) is performed at pressure of 1.3 pa. The flow
rate of Cl, is 60 sccm and the flow rate of BCl; 20 sccm. The
distance between electrodes is 150 mm. Subsequently,
using, as etching gas, chlorine (CL,) and oxygen (O,), dry
etching is applied to etch the under-layer 231. Two-step RIE
is performed.

Referring to FIG. 19(d), the photoresist 104 is removed to
provide the signal line 12.

Etching steps of a double-layered film and a triple-layered
film to form scanning and signal lines will now be described
in the case where one selected from a group including
titanium (T1), titanium nitride (TiN), tantalum (Ta), niobium
(Nb), tungsten (W), titanium alloy, titanium nitride alloy,
tantalum alloy, niobium alloy and tungsten alloy is used as
high melting point metal.

With reference to FIGS. 20(a), 20(b) and 20(c), an etching
process for removing portions of a double-layered film to
form a scanning line 11 is now described.

Referring to FIG. 20(a), the double-layered film is formed
on the transparent substrate 31. The double-layered film
includes an under-layer 211 of Al—Nd alloy and an over-
layer 212 of high melting point metal. Photoresist 93 is
applied to the surface of the over-layer 212 and formed into
a desired pattern as shown in FIG. 20(a) by exposure and
development.

Referring to FIG. 20(b), using the photoresist 93 as mask,
dry etching is applied to remove unmasked portions of the



US 6,894,311 B2

13

over-layer 212 and under-layer 211. The preferred range of
the concentration of Nd within AI—Nd alloy differs depend-
ing on which high melting point metal is used. The concen-
tration of Nd within Al—Nd alloy ranges from 0.01 wt % to
1.00 wt % in the case where the high melting point metal
contains Ti or Ta or Nb. However, in the case where the high
melting point metal contains TiN or W, the concentration of
Nd within AI—Nd alloy ranges from 0.5 wt % to 1.0 wt %.
Etching gas differs depending on which high melting point
is used. In the case where the high melting point metal is Ti
or Ti-alloy or TiN or TiN-alloy, the high melting point metal
and Al—Nd are etched using chlorine (Cl,) and boron
trichloride (BCL,). In the exemplary embodiment, one-step
reactive ion etching (RIE) is performed at pressure of 1.3 pa.
The flow rate of Cl, is 60 sccm and the flow rate of BCL; 20
sccm. The distance between electrodes is 150 mm. In the
case where the high melting point metal is Ta or Ta-alloy or
Nb or Nb-alloy or W or W-alloy, two-step RIE is performed.
As one step, the over-layer 212 of high melting point metal
is etched by RIE using chlorine (Cl,) and oxygen (O,) or by
RIE using carbon fluoride (CF,) and oxygen (O,), and, as
another step, the under-layer 211 of AI—Nd is etched by RIE
using chlorine (Cl,) and boron trichloride (BCL,).

Referring to FIG. 20(c), the photoresist 93 is removed to
provide the scanning line 11.

Instead of the before described etching process including
wet etching, the dry etching as described above may be used
to etch a double-layered film including, as high melting
point metal, Cr or Cr-alloy or Ho or Mo-alloy. In this case,
such high melting point metal is dry etched using chlorine
(CL,) and oxygen (O,) as etchant gas.

With reference to FIGS. 21(a), 21(b) and 21(c), an etching
process for removing portions of a triple-layered film to
form a signal line 12 is now described.

Referring to FIG. 21(a), the triple-layered film is formed
on the gate dielectric layer 33. The triple-layered film
includes an under-layer 231 of high melting point metal, a
middle-layer 232 of Al—Nd alloy and an over-layer 233 of
high melting point metal. Photoresist 104 is applied to the
surface of the over-layer 233 and formed into a desired
pattern as shown in FIG. 21(a) by exposure and develop-
ment.

Referring to FIG. 21(b), using the photoresist 104 as
mask, dry etching is applied to remove unmasked portions
of the over-layer 233, middle-layer 232 and under-layer 231.
The preferred range of the concentration of Nd within
Al—Nd alloy differs depending on which high melting point
metal is used. The concentration of Nd within AI—Nd alloy
ranges from 0.01 wt % to 1.00 wt % in the case where the
high melting point metal contains Ti or Ta or Nb. However,
in the case where the high melting point metal contains TiN
or W, the concentration of Nd within AI—Nd alloy ranges
from 0.5 wt % 10 1.0 wt %. Etching gas differs depending on
which high melting point is used. In the case where the high
melting point metal is Ti or Ti-alloy or TiN or TiN-alloy, the
high melting point metal and Al—Nd are etched using
chlorine (CL,) and boron trichloride (BCL;). In the exem-
plary embodiment, one-step reactive ion etching (RIE) is
performed at pressure of 1.3 pa. The flow rate of Cl, is 60
sccm and the flow rate of BCl, 20 sccm. The distance
between electrodes is 150 mm. In the case where the high
melting point metal is Ta or Ta-alloy or Nb or Nb-alloy or
W or W-alloy, three-step RIE is performed. As first step, the
over-layer 233 of high melting point metal is etched by RIE
using chlorine (Cl,) and oxygen (O,) or by TIE using carbon
fluoride (CF,) and oxygen (O,), as second step, the middle-
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layer 232 of AI—Nd is etched by RIE using chlorine (CL,)
and boron trichloride (BCL;) and, as third step, the under-
layer 231 of high melting point metal is etched by RIE using
chlorine (Cl,) and oxygen (O,) or by RIE using carbon
fluoride (CF,) and oxygen (O,)Referring to FIG. 21(c), the
photoresist 104 is removed to provide the signal line 12.

Instead of the before described etching process including
wet etching, the dry etching as described above may be used
to etch a triple-layered film including, as high melting point
metal, Cr or Cr-alloy or Mo or Mo-alloy. In this case, such
high melting point metal is dry etched using chlorine (CL,)
and oxygen (O,) as etchant gas.

As is readily understood from the preceding description in
connection with FIGS. 15(a) to 21(c), the etching steps
described above form scanning and signal lines having one
desired tapered profile or another desired profile partially
tapered leaving vertical sidewall portion.

Referring back to FIG. 6, an orientation film 39, which
has about 50 nm thick, is printed on the active matrix
substrate 10 and baked at temperature about 220° C. Another
orientation film 39, which has about 50 nm thick, is printed
on the color filter substrate 40 and baked at temperature
about 220° C. The color filter substrate 40 includes color
filters 42, black matrix 43 and common electrode 44, which
are covered by the orientation film 39. The color filters 42
and black matrix 43 are formed on the transparent dielectric
substrate 41. The color filters 42 are in opposed relationship
with the pixel electrodes 27, respectively. The black matrix
43 surrounds the color filters 42 and extends in opposed
relationship with the TFTs 13. A transparent conductive film
of ITO makes the common electrode 44. With a spacer
including seal 45 and plastic particles, the color filter sub-
strate 40 is placed on the active matrix substrate 10 with
their orientation films 39 in opposed spaced relationship.
Liquid crystal is injected into the space between the sub-
strates 10 and 40. After injection, an injection opening of the
seal 45 1s sealed by filler material. Polarizing plates 47 are
applied to the opposite surfaces of the substrates 10 and 40
to complete a LCD. Subsequently, a tape carrier package
(TCP) is pressed on scanning and signal line terminals 14
and 15 for operative connection with a driver circuit.

The preciously described etching steps for fabricating the
first exemplary embodiment require five (5) sheets of mask
or masking layers. As different from such etching steps, the
etching steps for fabricating the second exemplary embodi-
ment requires four (4) sheets of mask or masking layers.

Referring back to FIGS. 8(«)-8(d), 9(2)-9(d), and 10(a)
-10(d), steps for fabricating the second exemplary embodi-
ment of active matrix substrate 10 (see FIG. 7) are described.
FIGS. 8(a), 9(a) and 10(a) illustrate one process of forming
gate electrodes and scanning lines. FIGS. 8(b), 9(b) and
10(b) illustrate another process of forming gate dielectric
film, source electrodes, drain electrodes, signal lines and
semiconductor layer. FIGS. 8(c), 9(c) and 10(c) illustrate
still another process of forming passivation film and contact
holes. FIGS. 8(d), 9(d) and 10(d) illustrate other process of
forming conductors. As is readily seen from FIGS. 8(a), 9(a)
and 10(@), a double-layered film forms the gate electrodes
and the scanning lines. The double-layered film includes an
under-layer of AlI—Nd alloy and an over-layer of high
melting point metal. As is readily seen from FIGS. 8(b), 9(b)
and 10(b), a triple-layered film includes an under-layer of
high melting point metal, a middle-layer of Al—Nd alloy
and an over-layer of high melting point metal.

In the process of FIGS. 8(a), 9(a) and 10(a), a sheet of
no-alkali glass having 0.7 mm thick is used as the transpar-
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ent substrate 31. A double-layered film is formed on the
transparent substrate 31. The double-layered film includes
an under-layer 211 of Al—Nd alloy and an over-layer 212 of
high melting point metal. Sputtering is used to form the
under-layer 211 of Al—Nd alloy on the surface of the
transparent substrate 31. Subsequently, sputtering is used to
form the over-layer 212 of high melting point metal on the
under-layer 211. The under-layer 211 of AI—Nd has about
200 nm thick. The over-layer 212 of high melting point
metal has about 100 nm thick. Removing, including photo-
lithography and etching, portions of the double-layered film
(211, 212) to form gate electrode 21, scanning lines, storage
capacitor electrodes, light shielding layer, and underlying
metallic film 32 of the scanning lines.

In the case where the over-layer 212 of the double-layered
film is formed of a high melting point metal selected from
a group consisting of chromium (Cr), titanium (1), tantalum
(Ta), niobium (Nb), chromium alloy, titanium alloy, tanta-
lum alloy, and niobium alloy, the concentration of neody-
mium (Nd) of the under-layer 211 ranges from 0.01 wt % to
1.00 wt %.

In the case where the over-layer 212 of the double-layered
film is formed of a high melting point metal selected from
a group consisting of molybdenum (Mo), tungsten (W),
titanium nitride (TiN), molybdenum alloy, tungsten alloy,
and titanium nitride alloy, the concentration of neodymium
(Nd) of the under-layer 211 ranges from 0.5 wt % to 1.0 wt
%.

In the preceding description, various manners of etching
the double-layered film to form scanning line have been-
made.

Appropriate one of such may be used to etch the double-
layered film in this exemplary embodiment.

In the process of FIGS. 8(b), 9(b) and 10(b), using plasma
CVD, a gate dielectric film 33 of silicon nitride is formed to
the thickness of about 400 nm, a layer 221 of amorphous
silicon (a-Si) is formed to the depth of about 200 nm and a
layer 222 of phosphorus-doped (P-doped) n-type amorphous
silicon (n*a-Si) is formed to the depth of about 30 nm.
Subsequently, a triple-layered film is formed. Using
sputtering, an under-layer 231 of high melting point metal is
formed to the thickness of about 50 nm, a middle-layer 232
of AI—Nd alloy is formed to the thickness of about 200 nm
and an over-layer 233 of high melting point metal is formed
to the thickness of about 100 nm. Photolithography and
etching are used to form source electrodes 23, drain elec-
trodes 24, signal lines 12 and underlying metallic film 34 of
the signal lines.

In the case where the under and over layers 231 and 233
of the triple-layered structure are formed of a high melting
point metal selected from a group consisting of chromium
(Cr), titanium (T1), tantalum (Ta), niobium (Nb), chromium
alloy, titanium alloy, tantalum alloy, and niobium alloy, the
concentration of neodymium (Nd) of the middle-layer 232
ranges from 0.01 wt % to 1.00 wt %.

In the case where the under and over layers 231 and 233
of the triple-layered structure are formed of a high melting
point metal selected from a group consisting of molybdenum
(Mo), tungsten (W), titanium nitride (TiN), molybdenum
alloy, tungsten alloy, and titanium nitride alloy, the concen-
tration of neodymium (Nd) of the middle-layer 232 ranges
from 0.5 wt % to 1.0 wt %.

As different from the previously described etching steps
for fabricating the first exemplary embodiment, the source
and drain electrodes 23, 24 and semiconductor layer 22 are
formed in one process. With reference to FIGS. 8(b)-1 to
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8(b)-5, 9(b)-1 to 9(b)-5, and 10(b)-1 to 10(b)-5, this will be
explained below.

FIGS. 8(b)-1, 9(b)-i and 10(b)-i illustrate a tripled-layered
structure of gate dielectric film 33 of silicon nitride, layer
221 of amorphous silicon (a-Si) and layer 222 of
phosphorus-doped (P-doped) n-type amorphous silicon
(n*a-Si). Formed over the triple-layered structure is the
triple-layered film including under-layer 231 of high melting
point metal, middle-layer 232 of Al—Nd alloy and over-
layer 233 of high melting point metal. Photoresist is applied
to the surface of the over-layer 233 to the same depth and
exposed, using a halftone mask or a graytone mask, to yield
a desired three-dimensional (3-D) surface profile. In this
example, the desired 3-D surface profile includes a protru-
sion with a clear window over an area where a channel of a
TFT of each pixel region is to be etched. The photoresist
with such desired 3-D profile is indicated at 61.

Referring to FIGS. 8(b)-2, 9(b)-2 and 10(b)-2, using the
photoresist 61 as a mask, unmasked portions of the over-
layer 231 of high melting point metal, middle-layer 232 of
Al—Nd and under-layer 231 of high melting point metal are
removed by etching. Any appropriate one of the previously
described etching techniques to etch the triple-layered film
may be applied.

Referring to FIGS. 8(b)-3, 9(b)-3 and 10(b)-3, in the
process using oxygen plasma, thin planar portions of the
photoresist 61 excluding the protrusions are removed by
ashing. The remaining photoresist consisting of such pro-
trusions is indicated at 62.

Referring to FIGS. 8(b)-4, 9(b)-4 and 10(b)-4, N-methyl-
2-pyrrolidone (NMP) in vapor is used for reflowing of the
remaining photoresist 62 such that the clear window of each
protrusion is completely filled as indicated at 63. Using this
photoresist 63, source and drain electrodes, signal lines 12
and the underlying metallic film 34 of the signal line
terminal portions as a mask, the n*a-Si layer 222 and a-Si
layer 221 are removed by dry etching. The use of hydro-
chloric acid (HCI) must be prohibited as an element of
etchant gas. The etchant gas may be one selected from a
family of fluoride-based gas. The etchant gas may be a
mixture of one selected from the family of fluoride-based
gas and another selected from a family of chloride-based
gas. In the exemplary embodiment, the family of chloride-
based gas excludes HCI. One example of such etchant is a
mixture gas of sulfur hexafluoride (SF,), chloride (CL,) and
hydrogen (H,). Using this mixture gas as etchant, the
etching may be performed (one step etching). Another and
other examples are a first mixture gas of methane trifluoride
(CHF,), oxygen (O,) and helium (He), and a second mixture
gas of SF, and He, respectively. Using the first and second
mixture gases, the etching may be performed in two steps.
In the exemplary embodiment, the etching is applied in RIE
mode.

Referring to FIGS. 8(b)-s, 9(b)-5 and 10(b)-5, after
removing the photoresist 63, using the source and drain
electrodes 23 and 24 as a mask, the n*a-Si layer 222 between
them is etched in RIE mode using the etchant gas described
above. The etching of the n*a-Si layer 222 and a-Si layer 221
without relying on HCL prevents corrosion of Al—Nd alloy.

Referring back to FIGS. 8(c), 9(c) and 10(c), plasma CVD
is used to deposit a film of silicon nitride (SiN) over the
entire surface of the underlying structure as the passivation
film 35. The passivation film 35 has about 200 nm thick.
Using photolithography and etching, pixel contact holes 36
and terminal contact holes 37 are formed through the
passivation film 35.
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Referring to FIGS. 8(c), 9(c) and 10(c), sputtering is used
to deposit a film of indium tin oxide (ITO) or indium zinc
oxide (IZO) as a transparent conductive film. The transpar-
ent conductive film has about 50 nm thick. Photolithography
and etching on the transparent conductive film result in
forming pixel electrode 27 and connecting electrodes 38 of
the terminals. Oxalic acid (C,H,0,) is used in etching the
transparent conductive film. Since such weak acid as oxalic
acid is used, the underlying Al—Nd is prevented from being
damaged during the etching of such transparent conductive
film of ITO or IZO. If ITO is to be deposited to form a
transparent conductive film, simultaneously with introduc-
tion of argon (Ar) and oxygen, water is introduced into a
process chamber of sputtering equipment to create, within
the chamber, atmosphere-containing water at partial water
pressure ranging from 2x107> pa to 5x1072 pa, and ITO is
deposited by DC magnetron sputter to form a film. During
this sputtering, the substrate is processed at room tempera-
ture so that heating of the substrate is not needed. This
makes it possible to use oxalic acid in etching the transparent
conductive film. Besides, this suppresses an increase in
electrical contact resistance between the transparent conduc-
tive film and the underlying metallic film.

At about relatively low temperature of 270° C. the dam-
ages due to sputtering are removed by annealing to complete
the active matrix substrate 10.

The subsequent steps to fabricate an LCD are the same as
those explained with reference to FIG. 6.

The preceding description has focused on fabrications of
active matrix substrate having a matrix array of inverted
staggered channel etch type TFTs. Fabrication of an active
matrix substrate having a matrix array of inverted staggered
TFTs of the channel protective type is described below.

Referring to FIGS. 12(a)-12(e), 13(a)-13(e) and
14(a)-14(e), fabrication of the third exemplary embodiment
of an active matrix substrate 10 (se¢ FIG. 11) is described.
FIGS. 12(a), 13(a) and 14(a) illustrate one process of
forming gate clectrodes and scanning lines. FIGS. 12(b),
13(b) and 14(b) illustrate another process of forming gate
dielectric film, an amorphous silicon (a-Si) layer and a
channel protective film. FIGS. 12(c), 13(c) and 14(c) illus-
trate still another process of forming source electrodes, drain
electrodes, signal lines and semiconductor layer. FIGS.
12(d), 13(d) and 14(d) illustrate further process of forming
passivation film and contact holes. FIGS. 12(e), 13(¢) and
14(e) illustrate other process of forming pixel electrodes.

The fabrication of the third exemplary embodiment is
substantially the same as the fabrication of the second
exemplary embodiment described above in connection with
FIGS. 8(a) to 10(d) except the step illustrated in FIGS.
12(b), 13(b) and 14(b) of forming, within each of pixel
regions, a channel protective film 71 on an amorphous
silicon (a-Si) layer 221 as opposed to the underlying gate
electrode 21.

With reference to FIG. 22, for each of samples of two
different strips of photoresist we made taper angle measure-
ments. The results are presented in FIG. 22 for one strip of
photoresist (PR) having 6 pm width and 1.0 um film
thickness and other strip of photoresist having 6 #m width
and 1.5 ym film thickness. Each curve in FIG. 22 represents
the taper angles as a function of baking times at a tempera-
ture of 145° C. after development. One can see that, for each
curve, the taper angle decreases as the baking time increases
and levels off upon and after the baking time exceeds about
120 seconds. The taper angle becomes about 33° if the
thickness is 1.0 um. The taper angle becomes about 53° if
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the thickness is 1.5 um. The narrower the thickness is, the
smaller angle the taper angle becomes. As mentioned before
in connection with the step as illustrated in FIG. 16(d), the
smaller the taper angle is, the quickly the photoresist loses
volume due to ashing by O,. However, the narrower the
width is, the larger angle the taper angle becomes.
Particularly, if the width is less than 6 gm, it is preferred to
adjust the taper angle within a range from 30° to 35° by
reducing the thickness sufficiently. The reduction to the
thickness of 1.0 um is preferred. For example, with the width
of 16 um, the thickness of 1.5 gm may be used because the
taper angle of 35° is provided. After analysis we made on the
taper angle of the photoresist, we confirmed that the range
from 30° to 55° is preferred and the range from 30° to 35°
was more preferred.

With reference to FIG. 23, for each of samples we made
evaluations in terms of hillock, specific resistivity and dry
etching residue. Each sample was a double-layered film
including an over-layer of high melting point metal and an
under-layer of Al—Nd. The over-layer has 100 nm thick,
and the under-layer 250 nm thick. The samples differ one
after another in variations in high melting point metal and
concentration of Nd. They are dry etched under the condi-
tions described before and annealed at 270° C. for 30
minutes. The results are presented in FIG. 23. In the legend
used in FIG. 23 to indicate results of evaluating the level of
hillock,

O: No hillock observed

X: Hillocks observed.

In the legend used in FIG. 23 to indicate results of evaluating
the level of dry etching residue,

O: No residue observed;

A: Little residue observed,

X: Considerable residue observed.

In FIG. 23, the evaluation results we made are arranged
against different concentrations of Nd including 0.01 wt %,
0.1wt %,0.5wt %,1.0 wt % and 2.0 wt %. One can sce that,
with the high melting point metal being Cr or Ti or Ta or Nb,
no hillock was observed for the Nd concentrations equal to
and greater than 0.01 wt %. One can also sce that, with the
high melting point metal being Mo or W or TiN, no hillock
was observed for the Nd concentrations equal to or greater
than 0.5 wt %. Further, one can see that no residue was
observed for the Nd concentrations within the range from
0.01 wt % to 0.1 wt %. One can also see that little residue
was observed for the Nd concentrations within the range
from 0.5 wt % to 1.0 wt %. This level of residue is
negligible, causing no problem. One can further see that
considerable residue was observed for the Nd concentration
as high as 2.0 wt %. After analysis we made, we confirmed
that the Nd concentrations within the range from 0.01 wt %
to 1.0 wt % were preferred when the high melting point
metal was Cr or Ti or Ta or Nb. However, the Nd concen-
trations within the range from 0.01 wt % to 0.1 wt % were
more preferred. We also confirmed that the Nd concentra-
tions within the range from 0.5 wt % to 1.0 wt % were
preferred when the high melting point metal was No or W
or TiN.

With reference to FIG. 24, for each of samples we made
post etching shape evaluation in terms of side etching. Each
sample was a triple-layered film including an over-layer of
Mo, a middle-layer of AlI—Nd and an under-layer of Mo,
which was of the same specifications as that used in the wet
etching described in connection with FIGS. 18(a) to 18(c).
They were wet etched using, as etchant, different ratios in
mass % of phosphoric acid (H;PO,), nitric acid (HNO,) and
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acetic acid (CH;—COOH). Concentration of nitric acid
(HNO,) was varied with the ratio of phosphoric acid
(H5PO,) and acetic acid (CH,—COOH) fixed 72:8 or 74:6.
The results are presented in FIG. 24. In the legend used in
FIG. 24 to indicate results of evaluating side etching of the
under-layer of Mo.

O: No side etching observed;

X: Side etching observed.

In FIG. 24, the evaluation results we made are arranged
against different concentrations of HNO;. One can see that,
with (H,PO,):(CH;—COOH)=72:8, no side eiching was
observed in the under-layer of Mo for the concentrations of
HNO, within the range from 4.4 wt % to 5.4 wt %. One can
also that, with (H;PO,,):(CH;—COOH)=74:6, no side etch-
ing was observed in the under-level layer of Mo for the
concentrations of HNO; within the range from 4.4 wt % to
5.2 wt %. With the ratio (HyPO,):(CH;—COOH) fixed, the
concentration of HNO; were varied because the etch rate of
Mo was almost two-times as great as the etch rate of Al—Nd
in any of the selected compositions of acid. Such composi-
tions of acid were made based on the confirmation we made
that the difference in electric potential between the Mo layer
and the A1—Nd layer during etching caused considerable
side etching of the Al—Md layer if the etch rate of Mo is
almost equal to the etch rate of Al-Md. Thus, the different
concentrations of HNO; were examined in a direction of
reducing from its upper limit that was determined if
(H,;PO,):(CH;—COOH) was fixed. The upper limit is 5.5
wt % if (H,PO,):(CH;—COOH)=72:8. The upper limit is
5.3 wt % if (H,PO,):(CH;—COOH)=74:6.

With reference to FIG. 23, for each of samples we made
evaluation in terms of levels of contact resistivity and wet
etching residue. As preciously described in connection with
FIGS. 3(e), 4(e) and 5(e), in each sample, sputtering was
used to deposit a film of ITO as a transparent conductive film
and oxalic acid (C,H,0,) was used in etching the transpar-
ent film. In sputtering of the transparent film of ITO, water
is introduced into the process chamber at different partial
pressures. The results are presented in FIG. 25. In the legend
used in FIG. 25 to indicate results of evaluating the contact
resistivity,

O: No increase in contact resistivity from the level due to

sputtering without any introduction of water (H,0);

A: A small increase in contact resistivity from the level
due to sputtering without any introduction of water
(H,0);

X: A considerable increase in contact resistivity from the
level due to sputtering without any introduction of
water (H,0).

The above-mentioned same legend was used in FIG. 25 to
indicate results of evaluating wet etching residue in the same
manner as used in FIG. 23 before in indicating results of
evaluating dry etching residue.

One can see that, with the water partial pressures equal to
or less than 2x107> pa, there was no increase in contact
resistivity from the level due to sputtering without any
introduction of water. We confirmed that as the water partial
pressure increased beyond 2x107> pa, the contact resistivity
gradually increased. We also confirmed that the contact
resistivity increased rapidly when the water partial pressure
exceeded 5x107% pa. Increase in two digits, in contact
resistivity, occurred at the water partial pressure of 7x10~*
pa.

With regard to wet etching residue, one can see that, with
the water partial pressures equal to or greater than 2x10~>
pa, no residue was observed. One can also sce that, at water
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partial pressure of 6x10™ pa, residue was observed. After
analysis, we confirmed that the water partial pressures
within the range from 2x107> pa to 5x107% pa were pressure
in sputtering of ITO film.

From the preceding description, it will be appreciated
that, in each of exemplary implementations of the present
invention, the concentration of Nd that is adjusted depend-
ing the associated high melting point metal effectively
suppress occurrence of hillocks in the process of fabrication
of an active matrix substrate.

While the present invention has been particularly
described, in conjunction with exemplary embodiments, it is
evident that many alternatives, modifications and variations
will be apparent to those skilled in the art in light of the
foregoing description. It is therefore contemplated that the
appended claims will embrace any such alternatives, modi-
fications and variations as falling within the true scope and
spirit of the present invention.

This application claims the priority of Japanese Patent
Application No. P2001-150092, filed May 18, 2001, the
disclosure of which is hereby incorporated by reference in
its entirety.

What is claimed is:

1. An active matrix substrate, comprising:

a substrate;

a matrix array of thin film transistors (TFTs) disposed

within a display area on said substrate;

a double-layered film including an under-layer of
aluminum-neodymium (Al—Nd) alloy and an over-
layer of high melting point metal, said double-layered
film forming first anisotropically dry-etched intercon-
nection lines for connection to said TFTs; and

a triple-layered film including an under-layer of said high
melting point metal, a middle-layer of said Al—Nd
alloy and an over-layer of said high melting point
metal, said triple-layered film forming second aniso-
tropically dry-etched interconnection lines for connec-
tion to said TFTs, wherein said Al—Nd alloy contains
less than about 1.00 wt % neodymium (Nd).

2. The active matrix substrate as claimed in claim 1,
wherein said high melting point metal is selected from a
group consisting of chromium (Cr), titanium (Ti), tantalum
(Ta), niobium (Nb), chromium alloy, titanium alloy, tanta-
lum alloy, and niobium alloy; and wherein said Al—Nd
alloy contains 0.01 wt % to less than about 1.00 wt %
neodymium (Nd).

3. The active matrix substrate as claimed in claim 1,
wherein said high melting point metal is selected from a
group consisting of molybdenum (Mo), tungsten (W), tita-
nium nitride (TiN), molybdenum alloy, tungsten alloy, and
titanium nitride alloy; and wherein said AI—Nd alloy con-
tains 0.5 wt % to less than about 1.0 wt % neodymium (Nd).

4. The active matrix substrate of claim 1, wherein said
first interconnection lines are scanning lines connected to
gate electrodes.

5. The active matrix substrate of claim 4, wherein said
double-layered film is patterned to form the gate electrodes.

6. The active matrix substrate of claim 5, wherein said
second interconnection lines are signal lines connected to
drain electrodes.

7. The active matrix substrate of claim 6, wherein said
triple-layered film is patterned to form the drain electrodes.

8. The active matrix substrate of claim 1, wherein said
triple-layered film is formed on a laminated semiconductor
layer.

9. The active matrix substrate of claim 8, wherein said
triple-layered film is formed above said double-layered film.
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10. The active matrix substrate of claim 9, further com-
prising:

a gate dielectric layer formed on said double-layered film.

11. The active matrix substrate of claim 10, wherein said
triple-layered film is patterned to form drain electrodes of
said TFTs and an assembly of said second interconnection
lines which are signal lines connected to said drain
electrodes, and said double-layered film is patterned to form
gate electrodes of said TFTs and an assembly of said first
interconnection lines which are scanning lines connected to
said gate electrodes.

12. The active matrix substrate of claim 11, further
comprising:

a laminated semiconductor layer formed on said gate

dielectric layer.

13. The active matrix substrate of claim 12, comprising
source and drain electrodes that extend beyond sidewalls of
said laminated semiconductor layer so that sidewalls of
source and drain electrodes do not vertically align with the
sidewalls of the laminated semiconductor layer.

14. The active matrix substrate of claim 12, wherein
sidewalls of source and drain electrodes vertically align with
sidewalls of said laminated semiconductor layer.

15. The active matrix substrate of claim 14, wherein said
matrix array includes inverted staggered channel etch type
TFTs.

16. The active matrix substrate of claim 14, wherein said
matrix array includes inverted staggered channel protective
type TFTs.

17. The active matrix substrate of claim 12, wherein said
triple-layered film is formed on top of said gate dielectric
layer.

18. The active matrix substrate of claim 12, wherein said
laminated semiconductor layer includes an amorphous sili-
con layer.

19. The active matrix substrate of claim 18, wherein a
channel protective film is formed on top of said amorphous
silicon layer.

20. The active matrix substrate of claim 19, wherein said
laminated semiconductor layer includes said amorphous
silicon layer as an underlayer upon which is formed a
phosphorus-doped n-type amorphous silicon over-layer.

21. The active matrix substrate of claim 18, wherein said
laminated semiconductor layer includes said amorphous
silicon layer as an underlayer upon which is formed a
phosphorus-doped n-type amorphous silicon over-layer.

22. The active matrix substrate of claim 12, wherein said
triple-layer film is further patterned to form source elec-
trodes and wherein one of said source electrodes and one of
said drain electrodes are separated from each other and
formed on said laminated semiconductor layer.

23. The active matrix substrate of claim 1, wherein each
of said TFTs is positioned near one of a number of crossing
points of said first interconnection lines and said second
interconnection lines.

24. The active matrix substrate of claim 23, further
comprising at least one pixel electrode formed within a
rectangular area defined by a portion of said first intercon-
nection lines and a portion of said second interconnection
lines.

25. An active matrix substrate, comprising:

a substrate;

a matrix array of thin film transistors (TFTs) disposed
within a display area on said substrate;

a double-layered film including an under-layer of
aluminum-neodymium (Al—Nd) alloy and an over-
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layer of high melting point metal, said double-layered
film forming first anisotropically dry-etched intercon-
nection lines for connection to said TFTs; and

a triple-layered film including an under-layer of said high
melting point metal, a middle-layer of said Al—Nd
alloy and an over-layer of said high melting point
metal, said triple-layered film forming second aniso-
tropically dry-etched interconnection lines for connec-
tion to said TFTs, wherein said high melting point
metal is selected from a group consisting of niobium
(Nb), titanium alloy, tantalum alloy, and niobium alloy,
and wherein said Al—Nd alloy contains 0.01 wt % to
1.00 wt % neodymium (Nd).

26. An active matrix substrate, comprising:

a substrate;

a matrix array of thin film transistors (TFTs) disposed
within a display area on said substrate;

a double-layered film including an under-layer of
aluminum-neodymium (Al—Nd) alloy and an over-
layer of high melting point metal, said double-layered
film forming first anisotropically dry-etched intercon-
nection lines for connection to said TFTs; and

a triple-layered film including an under-layer of said high
melting point metal, a middle-layer of said Al—Nd
alloy and an over-layer of said high melting point
metal, said triple-layered film forming second aniso-
tropically dry-etched interconnection lines for connec-
tion to said TFTs, wherein said high melting point
metal is selected from a group consisting of titanium
nitride (TiN), tungsten alloy, and titanium nitride alloy;
and wherein said Al—Nd alloy contains 0.5 wt % to 1.0
wt % neodymium (Nd).

27. A liquid crystal display comprising:

an active matrix substrate including:

a double-layered film comprising an under-layer of
aluminum-neodymium (Al—Nd) alloy and an over-
layer of high melting point metal, said double-
layered film forming first anisotropically dry-etched
interconnection lines; and

a triple-layered film comprising an under-layer of said
high melting point metal, a middle-layer of said
Al—Nd alloy and an over-layer of said high melting
point metal, said triple-layered film forming second
anisotropically dry-etched interconnection lines,
wherein said AI—Nd alloy contains less than about
1.00 wt % neodymium (Nd);

a color filter substrate; and

liquid crystal interposed between said active matrix sub-

strate and the color filter substrate.

28. The liquid crystal display of claim 27, wherein said
triple-layered film forms second anisotropically dry etched
interconnection lines for connection to TETs, and said
double-layered film forms first anisotropically dry etched
interconnection lines for connection to said TFTs.

29. The liquid crystal display of claim 28, wherein an
orientation film is formed on the active matrix substrate and
on the color filter substrate.

30. The liquid crystal display of claim 29, wherein said
color filter substrate includes a transparent dielectric
substrate, color filters, a black matrix, and a common
electrode.

31. The liquid crystal display of claim 30, including
polarizing plates on said color filter substrate and said active
matrix substrate.
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32. An active matrix substrate, comprising:

a substrate;

a matrix array of thin film transistors (TFTs) disposed
within a display area on said substrate;

a double-layered film including an under-layer of
aluminum-neodymium (Al—Nd) alloy and an over-
layer of high melting point metal, said double-layered
film forming first anisotropically dry-etched intercon-
nection lines for connection to said TFTs; and

a triple-layered film including an under-layer of said high
melting point metal, a middle-layer of said Al—Nd
alloy and an over-layer of said high melting point
metal, said triple-layered film forming second aniso-
tropically dry-etched interconnection lines for connec-
tion to said TFTs, wherein said AI—Nd alloy has a
neodymium (Nd) concentration that falls in a predeter-
mined range established for dry etching in forming the
first and second anisotropically dry-etched interconnec-
tion lines.
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33. The active matrix substrate as claimed in claim 32,
wherein said high melting point metal is selected from a
group consisting of chromium (Cr), titanium (Ti), tantalum
(Ta), niobium (Nb), chromium alloy, titanium alloy, tanta-
lum alloy, and niobium alloy; and wherein said Al—Nd
alloy contains 0.01 wt % to 1.00 wt % neodymium (Nd).

34, The active matrix substrate as claimed in claim 32,
wherein said high melting point metal is selected from a
group consisting of molybdenum (Mo), tungsten (W), tita-
nium nitride (TiN), molybdenum alloy, tungsten alloy, and
titanium nitride alloy; and wherein said AI—Nd alloy con-
tains 0.5 wt % to 1.0 wt % neodymium (Nd).

35. The active matrix substrate of claim 32, wherein said
first interconnection lines are scanning lines connected to
gate electrodes.
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