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(37) ABSTRACT

An 1nterconnector line of thin film comprising 0.001 to 30 at
% of at least one kind of a first element capable of constitut-
ing an mntermetallic compound of aluminum and/or having a
higher standard electrode potential than aluminum, for
example, at least one kind of the first element selected from
Y, Sc, La, Ce, Nd, Sm, Gd, Tb, Dy, Er, Th, Sr, T1, Zr, V, Nb,
Ta, Cr, Mo, W, Mn, Tc, Re, Fe, Co, N1, Pd, Ir, Pt, Cu, Ag, Au,
Cd, S1, Pb and B; and one kind of a second element selected
from C, O, N and H 1n a proportion of 0.01 at ppm to 50 at %
of the first element, with the balance comprising substan-
tially Al. In addition to having low resistance, such an Al
interconnector line of thin film can prevent the occurrence of
hillocks and the electrochemical reaction with an ITO elec-
trode. The interconnector line of thin film can be obtained by
sputtering 1 a dust-free manner by using a sputter target
having a similar composition.

34 Claims, 5 Drawing Sheets
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INTERCONNECTOR LINE OF THIN FILM,
SPUTTER TARGET FOR FORMING THE
WIRING FILM AND ELECTRONIC
COMPONENT USING THE SAME

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

Morve than one reissue application has been filed for the
reissue of U.S. Pat. No. 6,329, 275. The reissue applications
include the present reissue application Ser. No. 10/732,888,
filed on Dec. 10, 2003, and reissue application Ser. Nos.
11/386,114, 11/386,115, 11/386,116, and 11/386,117, each

filed on Mar. 22, 2006, which are continuations of the
present rveissue application Ser. No. 10/732,588.

TECHNICAL FIELD

The mvention relates to an interconnector line of thin film
suitable for forming low-resistance interconnector line, a
sputter target for forming an interconnector line of thin film
and electronic parts such as a liquid crystal display (LCD)
and a semiconductor device applyving the low-resistance
interconnector line.

BACKGROUND ART

An 1nterconnector line of thin film used as a gate line and
a source electrode bus-line for a TFT dnive type LCD 1s
generally produced by a sputtering method. As materials for
such an interconnector line of thin film, Cr, T1, Mo, Mo—Ta
and the like have been used. But, with the enlargement of an
L.CD screen size, a low-resistance interconnector line of thin
f1lm 1s being needed. For example, a large LCD of 10 inches
or more 1s required to have a low resistant interconnector
line of 10 u&2cm or below. Accordingly, a low-resistance Al
1s attracting attention as an interconnector line of thin film
for a gate line, a signal line and the like.

With the Al interconnector line of thin film, low-resistance
interconnector line can be achieved, but the Al interconnec-
tor line of thin film has a problem of having protrusions
called hillocks due to heating at about 473 to 773K by a heat
treatment and a CVD process after interconnector line. In a
process ol releasing a stress of the Al film involved in
heating, Al atoms spread along, for example, grain bound-
aries. Protrusions (hillocks) are caused involved in the
spreading of Al atoms. When the protrusions are formed on
the Al interconnector line, an adverse effect 1s caused 1n the
subsequent process.

Therefore, it 1s attempted to add a very small amount of

metallic elements, e.g., Fe, Co, N1, Ru, Rh and Ir or rare
carth metallic elements such as Y, La and Nd (see Japanese
Patent Application Laid-Open Publication No. Hei
7-455535). Specifically, an Al interconnector line of thin film

1s formed using an Al target having a very small amount of

such metallic elements added. The above-described metallic
clements form an intermetallic compound 1n cooperation
with Al and function as a trap material for Al. Thus, the
above-described hillocks can be restrained from being
occurred.

And, where the Al interconnector line 1s applied to source
electrode bus-lines of the LCD, the Al interconnector line 1s
stacked with an I'TO electrode. When the stacked film of the
Al interconnector line and the I'TO electrode 1s immersed in
an alkali solution such as a developing solution used 1n a
patterning process, an electrochemical reaction 1s caused at
portions where the Al interconnector line and the ITO elec-
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trode are directly contacted. The electrochemical reaction
between the Al interconnector line and the ITO electrode 1s
caused because the standard electrode potential of Al 1s
lower than that of the ITO. Electrons are moved between the
Al 1interconnector line and the ITO electrode due to the elec-
trochemical reaction, resulting in a problem that the ITO
clectrode 1s colored (e.g., blackening) by being reduced and
the Al interconnector line 1s conversely oxidized to lower
clectrical characteristics.

In connection with the problem due to the electrochemical
reaction between the Al interconnector line and the ITO
electrode described above, 1t 1s also studied to add various

types of metallic elements to the Al iterconnector line. In
such a case, the Al target with an very small amount of
metallic elements added 1s also used to form the Al intercon-
nector line of thin film containing a very small amount of
metallic elements.

However, the above-described Al interconnector line of
thin film containing a very small amount of metallic ele-
ments suppress the diffusion of Al and the electrochemical
reaction with the I'TO electrode, but there are problems that
the produced intermetallic compound and the added metallic
clements cause an adverse effect on the etching property and
sputtering property of the Al interconnector line.

Specifically, when dry etching such as CDE (chemical dry
ctching) and RIE (reactive 1on etching) or wet etching 1s
made on the above-described Al interconnector line of thin
film, a lot of undissolved remains called residues are
produced, causing a serious difficulty 1n forming an inter-
connector line network. The added metallic elements and the
produced intermetallic compounds are the causes of the resi-
dues aifter etching as described above. And, the Al target
containing the metallic elements described above causes a
large amount of dust while sputtering, causing a difficulty 1n
forming a good and fine interconnector line network.

Therefore, 1in the Al target and Al interconnector line of
thin film used to form low-resistance interconnector line, 1t
1s a subject to restrain the occurrence of residues in etching
and the occurrence of dust 1n sputtering in addition to sup-
pression of the occurrence of hillocks due to the diffusion of
Al and the electrochemical reaction with the I'TO electrode.

And, 1 connection with the suppression of the electro-
chemical reaction between the Al interconnector line and the
ITO electrode, it 1s desired to improve an effect upon reduc-
ing the added amount of electrical elements. The electro-
chemical reaction between the Al interconnector line and the
ITO electrode 1s also studied to be suppressed by having a
stacked structure of the Al interconnector line and an Mo
f1lm or the like. But, such a stacked film mvolves a complex
LCD structure and a high cost, so that 1t 1s desired to sup-
press the electrochemical reaction with the I'TO electrode by
the Al interconnector line having a single layered structure.

The above-described subject 1s not limited to the Al inter-
connector line of thin film used for the gate line and signal
line of the LCD. For example, where the Al interconnector
line 1s applied to a typical semiconductor device such as
VLSI and ULSI, electromigration 1s a problem. The above-
described metallic elements have an effect to suppress the
clectromigration (see Japanese Patent Application Laid-
Open Publication No. Sho 62-228446 and Japanese Patent
Publication No. He1 4-48854), but there 1s a problem that
residues are caused 1n etching and dust 1s caused 1n sputter-
ing as 1n the case of the LCD. And, the above-described
subject 1s also an 1ssue 1n a surface acoustic wave apparatus
such as a surface acoustic wave oscillator (SAW), an elec-
tronic part using SAW (SAW device), or interconnector line
and electrodes for a thermal printer head (TPH).
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An object of the invention 1s to provide a low-resistance
interconnector line of thin film with the occurrence of hill-
ocks and etching residues prevented and a sputter target
which can form the interconnector line of thin film with
good reproducibility with the occurrence of dust 1 sputter-
ing suppressed. Another object of the invention 1s to provide
a low-resistance interconnector line of thin film which has
the electrochemical reaction with the ITO or the like and the
occurrence of the etching residues prevented and a sputter
target with the occurrence of dust 1n sputtering suppressed.
Besides, 1t aims to provide an electronic part using such a
interconnector line of thin film.

DISCLOSURE OF THE INVENTION

A first interconnector line of thin film of the invention
comprises 0.001 to 30 at % of at least one type of first ele-
ment constituting an intermetallic compound of Al and 0.01
at ppm to 50 at % of at least one type of second element
selected from C, O, N and H with respect to the amount of

the first element, with the balance comprising substantially
Al.

A second interconnector line of thin film of the mvention
comprises 0.001 to 30 at % of at least one type of first ele-
ment having a standard electrode potential higher than Al
and 0.01 at ppm to 50 at % of at least one type of second
clement selected from C, O, N and H with respect to the
amount of the first element, with the balance comprising
substantially Al.

Another interconnector line of thin film of the invention
comprises 0.001 to 30 at % of at least one type of first ele-
ment selected from Y, Sc, La, Ce, Nd, Sm, Gd, Tb, Dy, Er,
Th, Sr, T1, Zr, V, Nb, Ta, Cr, Mo, W, Mn, Tc, Re, Fe, Co, Nu,
Pd, Ir, Pt, Cu, Ag, Au, Cd, S1, Pb and B and 0.01 at ppm to 50
at % of at least one type of second element selected from C,
O, N and H with respect to the amount of the first element,
with the balance comprising substantially Al.

And, a first sputter target of the invention comprises 0.001
to 30 at % of at least one type of first element constituting an
intermetallic compound of Al and 0.01 at ppm to 50 at % of
at least one type of second element selected from C, O, N
and H with respect to the amount of the first element, with
the balance comprising substantially Al.

A second sputter target of the invention comprises 0.001
to 30 at % of at least one type of first element having a
standard electrode potential higher than Al and 0.01 at ppm
to 50 at % of at least one type of second element selected
from C, O, N and H with respect to the amount of the first
clement, with the balance comprising substantially Al.

Another sputter target of the invention comprises 0.001 to
30 at % of at least one type of first element selected from Y,
Sc, La, Ce, Nd, Sm, Gd, Tb, Dy, Er, Th, Sr, T1, Zr, V, Nb, Ta,
Cr, Mo, W, Mn, Tc, Re, Fe, Co, N1, Pd, Ir, Pt, Cu, Ag, Au,
Cd, S1, Pb and B and 0.01 at ppm to 50 at % of at least one
type of second element selected from C, O, N and H with
respect to the amount of the first element, with the balance
comprising substantially Al.

And, an electronic part of the invention i1s characterized by
having the interconnector line of thin film of the invention.

To an Al sputter target, a very small amount of at least one
type of element selected from C, O, N and H 1s added
together with an element such as Y (hereinafter described as
the mtermetallic compound forming element) constituting,
an intermetallic compound with Al or an element such as Au
(hereinafter described as the high electrode potential
clement) having a standard electrode potential higher than
Al. By these elements, an intermetallic compound, interme-
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tallic compound forming element and high electrode poten-
tial element which exist in the obtained sputter film and are
poor 1n etching workability are finely and uniformly precipi-
tated 1n Al grains and grain boundaries.

Thus, by finely and uniformly precipitating the interme-
tallic compound, mtermetallic compound forming clement
and high electrode potential electrode, the etching property
1s 1mproved extensively, and the occurrence of dust in sput-
tering can be suppressed. And, at least one type of element
selected from the added C, O, N and H does not cause an
adverse eflect on the effect of suppressing the diffusion of Al
or the effect of suppressing the electrochemical reaction
with ITO or the like. Therefore, the occurrence of hillocks
can be prevented effectively by the intermetallic compound-
forming element. Otherwise, the electrochemical reaction
with the I'TO or the like can be prevented effectively by the
high electrode potential element.

As described above, the first interconnector line of thin
film of the invention excels 1n hillock resistance and form-
ability of a fine interconnector line network. And, the second
interconnector line of thin film of the invention excels in
preventing property of the electrochemical reaction with the
I'TO or the like and formability of the fine interconnector line
network. The interconnector line of thin film of the invention
can concurrently have such properties.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an equivalent circuit diagram of an embodiment
having an electronic part of the invention applied to a liquad
crystal display;

FIG. 2 1s a sectional view showing the main structure of
the liguid crystal display shown 1n FIG. 1;

FIG. 3 1s a sectional view showing the main structure of
one embodiment having an electronic part of the ivention
applied to a semiconductor device;

FIG. 4 15 a sectional view showing the main structure of
one embodiment having an electronic part of the ivention
applied to a thermal printer head;

FIG. 5 1s a plan view showing the structure of one
embodiment having an electronic part of the mvention
applied to a surface acoustic wave oscillator;

FIG. 6 1s a plan view showing the structure of another
embodiment having an electronic part of the mvention
applied to a surface acoustic wave oscillator;

FIG. 7 1s a sectional view showing the main structure of an

SAW device using a surface acoustic wave oscillator (SAW)
shown 1n FIGS. 5 and 6; and

FIG. 8 1s a diagram showing electrode potential of a inter-

connector line of thin film of the mvention in comparison
with Al and I'TO.

EMBODIMENTS FOR CARRYING OUT TH
INVENTION

T

Embodiments for carrying out the invention will be
described below.

A first 1nterconnector line of thin film of the mvention
contains 0.001 to 30 at % of at least one type of first element
constituting an mtermetallic compound with Al and 0.01 at
ppm to 50 at % with respect to the amount of the first ele-
ment of at least one type of second element selected from C,
O, N and H, with the balance comprising substantially Al.

The above-described first element can be various types of
clements 11 they constitute an intermetallic compound with
Al. Specifically, they can be rare earth metallic elements
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such as Y, Sc, La, Ce, Nd, Sm, Gd, Tbh, Dy, Er, Gd and the
like, Nb, Ta, Re, Mo, W, Zr, Hf and the like.

These elements (intermetallic compound forming
clements) constituting the itermetallic compound with Al
form, for example, an intermetallic compound such as Al,Y
and function as a trap matenal for Al. Theretfore, the difiu-
sion ol Al can be suppressed when thermal treatment 1s
applied to an Al interconnector line of thin film or when the
Al imterconnector line of thin film 1s formed at a relatively
high temperature. As a result, the occurrence of hillocks 1s

prevented. And, electromigration and the like can also be
suppressed.

The intermetallic compound forming elements used are
preferred to have a solid solubility of 1.0 wt % or below with
respect to Al. If the solid solubility with respect to Al
exceeds 1.0 wt %, a sullicient effect of suppressing hillocks
owing to the constitution of an intermetallic compound with
Al might not be attaimned, and specific resistance might
increase. Such mtermetallic compound forming elements are
Ge, L1, Mg, Th, T1, V, Zn, W and others.

And, a second interconnector line of thin film of the
invention contains 0.001 to 30 at % of at least one type of
first element having a standard electrode potential higher
than that of Al and 0.01 at ppm to 30 at % with respect to the
amount of the first element of at least one type of second
element selected from C, O, N and H, with the balance com-
prising substantially Al.

The above-described first element of the second 1ntercon-
nector line of thin film can be various types of elements 11
they have a standard electrode potential higher than that of
Al. Specifically, they can be Ag, Au, Cu, 11, V, Nb, Ta, Cr,
Mo, W, Mn, Fe, Co, N1, Pd, Ir, Pt, Cd, S1, Pb and the like.
Among them, Ag, Au, Co, Cu, Mo, W and Mn having a
standard electrode potential higher by 2V (298K) or more
from that of Al are preferably used 1n particular.

These elements (high electrode potential elements) hav-
ing a higher standard electrode potential than Al can be con-
tained 1n the Al interconnector line of thin film to raise a
standard electrode potential of the Al interconnector line of
thin film. The electrochemical reaction occurring between
the Al interconnector line of thin film and the I'TO electrode
in an alkaline solution 1s a phenomenon which occurs owing
to the movement of electrons because Al has a standard elec-
trode potential lower than that of I'TO. Therefore, by con-
taining the high electrode potential elements into the Al
interconnector line of thin film to increase the standard elec-
trode potential of the Al mterconnector line of thin film to
exceed that of, for example, ITO, an electrochemical reac-
tion between the Al interconnector line of thin film and the
ITO electrode 1 the alkaline solution can be prevented.
Thus, the gate line of, for example, LCD can be formed well
with the Al interconnector line of thin film having a single
layer structure without degrading the electrical characteris-
tics due to coloring by reduction of the I'TO electrode and
oxidation of the Al interconnector line of thin film.

Improvement of the standard electrode potential of the Al
interconnector line of thin film by addition of the high elec-
trode potential elements 1s effective not only when 1t 1s lami-
nated with the ITO electrode but also when the Al intercon-
nector line of thin film 1s laminated with an electrode,
interconnector line and the like made of various types of
materials having a standard electrode potential which 1s

higher than that of Al.

The above-described high electrode potential elements are
preferably elements, which form an intermetallic compound
with Al to suppress the specific resistance of the Al intercon-
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nector line of thin film from increasing. And, by using the
clements constituting the intermetallic compound with Al as
the high electrode potential element, the occurrence of hill-
ocks and the electromigration can also be suppressed as
described above. Thus, the elements, which have a standard
clectrode potential higher than that of Al and constitute an
intermetallic compound with Al, are particularly effective.
The Al interconnector line of thin film containing such ele-
ments can be used satisfactorily for either the signal line or
the gate line of LCD and can be said having high general-
purpose properties. Such elements are Pd, V, N1, Mo, W and
Co.

The interconnector line of thin film of the invention com-
prises 0.001 to 50 at % of at least one type of the first ele-
ment (element satisiying at least one of an intermetallic
compound forming element and a high electrode potential
clement) selected from Y, Sc, La, Ce, Nd, Sm, Gd, Th, Dy,
Er, Th, Sr, T1, Zr, V, Nb, Ta, Cr, Mo, W, Mn, Tc, Re, Fe, Co,
N1, Pd, Ir, Pt, Cu, Ag, Au, Cd, S1, Pb and B and 0.01 at ppm
to 50 at % with respect to the amount of the first element of
at least one type of second element selected from C, O, N
and H, with the balance comprising substantially Al.

The above-described intermetallic compound forming
clement and high electrode potential element are contained
in a range of 0.001 to 30 at % into the Al interconnector line
of thin film. For example, 1f the intermetallic compound
forming element 1s contained 1n an amount of less than 0.001
at %, the above-described hillock suppressing effect cannot
be obtained satistactorily. On the other hand, if 1t exceeds 30

at %, the mtermetallic compound increases the resistance of
the Al interconnector line of thin film and also becomes the
cause of producing residues 1n dry etching or wet etching.
And, 1f the high electrode potential element 1s contained in
an amount of less than 0.1 at %, the above-described electro-
chemical reaction suppressing eiffect cannot be obtained sat-
1sfactorily. And, 1t 1t exceeds 20 at %, the resistance of the Al
interconnector line of thin film 1s increased, and residues are
produced 1n dry etching or wet etching. A more preferable
adding amount 1s 1n a range of 0.1 to 20 at %.

As described above, the interconnector line of thin film of
the invention has a very small amount of at least one type of
clement selected from C, O, N and H contained together
with an element which satisfies at least either the intermetal-
lic compound forming element or the high electrode poten-
tial element. This element (C, O, N, H) contained 1n a very
small amount effectively acts on precipitation of a very small
amount of the intermetallic compound, or the intermetallic
compound forming element and the high electrode potential
clement itself. Therefore, the intermetallic compound, the
intermetallic compound forming element and the high elec-
trode potential element 1n the Al interconnector line of thin
f1lm can be precipitated finely and uniformly 1n the Al grains
and grain boundaries.

r

Thus, by finely and umiformly precipitating the interme-
tallic compound, the intermetallic compound forming ele-
ment and the high electrode potential element 1n the Al inter-
connector line of thin film, the etching property 1s improved
extensively. Therefore, when the interconnector line network
1s formed on the Al interconnector line of thin film by dry
ctching or the like, the occurrence of etching residues can be
suppressed substantially. And, as described in detail
alterward, when the sputtering method 1s applied to produce
the Al interconnector line of thin film of the present
invention, at least one type of element selected from C, O, N
and H 1s also effective to suppress the produced amount of
dust by sputtering. Therefore, the Al interconnector line of
thin film with the content of fine dust reduced substantially
can be obtained.
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And, the diffusion of Al mvolved in heating by the heat
treatment 1s suppressed by the formation of the intermetallic
compound between the intermetallic compound forming ele-
ment and Al as described above, and as a result, the occur-
rence of hillocks can be prevented effectively. Therefore, the
first Al interconnector line of thin film of the invention
excels 1n hillock resistance, does not cause an adverse eflect
on the subsequent process due to the occurrence of hillocks,
and excels 1n forming a fine interconnector line network.
And, an electrochemical reaction with the ITO electrode or
the like 1 an alkaline solution 1s suppressed by contaiming,
therein the high electrode potential element. Accordingly,
the second Al interconnector line of thin film of the invention
excels 1 preventing the electrochemical reaction with the
I'TO electrode or the like and 1n forming the fine intercon-

nector line network.

The contained amount of at least one type of element
(hereinafter referred to as fine precipitating element)
selected from C, O, N and H as described above shall be 1n a
range of 0.01 at ppm to 50 at % with respect to an amount of
the intermetallic compound forming element or the high
clectrode potential element in the Al interconnector line of
thin film. When the contained amount of the fine precipitat-
ing element 1s less than 0.01 at ppm with respect to the
amount of the intermetallic compound forming element or
the high electrode potential element, the fine precipitating,
cifect of the mtermetallic compound, the intermetallic com-
pound forming element or the high electrode potential ele-
ment can not be obtained satisfactorily. On the other hand, 1T
it exceeds S0 at %, an excess C, H or the like 1s precipitated
on the Al grain boundaries or in the grains, lowering the
ctching property.

A more preferable contained amount of the fine precipitat-
ing element 1s 1n a range of 3 at ppm to 3 at % when C 1s
used, and 1.5 at ppm to 7.5 at % when O, N and H are used.
When C 1s used as the fine precipitating element, it 1s more
preferable that 1t 1s 1n a range of 300 to 3000 at ppm with
respect to the intermetallic compound forming element or
the high electrode potential element, and desirably 1n a range
of 600 to 1500 at ppm. When O, N and H are used as the fine
precipitating element, it 1s more preferably 1n a range of 500
at ppm to 1.5 at % with respect to the amount of the imnterme-
tallic compound forming element or the high electrode
potential element, and desirably 1n a range of 300 to 1500 at

ppm.
Among the above-described fine precipitating elements, C

1s particularly effective for the fine precipitation of the inter-
metallic compound or the intermetallic compound forming
clement. Therefore, it 1s preferable to use C as the fine pre-
cipitating element for the first interconnector line of thin

film.

And, H acts on the fine precipitation of the intermetallic
compound, the intermetallic compound forming element and
the high electrode potential element and on additional
improvement of the standard electrode potential of the Al
interconnector line of thin film. Therefore, it 1s preferable to
use H as the fine precipitating element for the second inter-
connector line of thin film. Namely, H lowers an 1onization
energy possessed by Al, the high electrode potential element
and the intermetallic compound itself. Therefore, by using H
as the fine precipitating element, the standard electrode
potential of the Al interconnector line of thin film can be
improved further. Otherwise, the contained amount of the
high electrode potential element can be decreased. In
addition, H promotes the chemical reaction imn wet etching
and acceleratingly promotes the reaction between an etching
species (radical etc.) and the constituting elements of the Al
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interconnector line of thin film in dry etching, thereby con-
tributing to improvement of the fine processing accuracy in
ctching.

But, if H 1s contained in an excessively large amount,
plastic processability or the like of Al might be degraded.
Theretfore, 11 H 1s used as the fine precipitating element, the
contained amount of H 1n the Al interconnector line of thin
f1lm 1s preferably 500 wt ppm or below.

The first interconnector line of thin film of the invention
can be obtained by, forming the film by sputtering under
general conditions, using for example the Al sputter target
having the same composition therewith. And, the second
interconnector line of thin film 1s also obtained 1n the same
way.

Specifically, the sputter target used to form the first inter-
connector line of thin film comprises 0.001 to 30 at % of at
least one type of itermetallic compound forming element
constituting an mtermetallic compound with Al and 0.01 at
ppm to 30 at % with respect to the mtermetallic compound
forming element of at least one type of fine precipitating
element selected from C, O, N and H, with the balance com-
prising substantially Al. And, the sputter target used to form
the second 1nterconnector line of thin film comprises 0.001
to 30 at % of at least one type of high electrode potential
clement having a standard electrode potential higher than
that of Al and 0.01 at ppm to 50 at % with respect to the
amount of the high electrode potential element of at least one
type of fine precipitating element selected from C, O, N and
H, with the balance comprising substantially Al.

The above-described specific contained amounts of the
intermetallic compound forming element, the high electrode
potential element and the fine precipitating element are as
described above. Therefore, the sputter target of the mven-
tion can be a sputter target which comprises 0.001 to 30 at %
of at least one type of first element (element satisfying at
least either the intermetallic compound forming element or
the high electrode potential element) selected from, for
example, Y, Sc, La, Ce, Nd, Sm, Gd, Tbh, Dy, Er, Th, Sr, Ti,
Zr, V, Nb, Ta, Cr, Ma, W, Mn, Tc, Re, Fe, Co, N1, Pd, Ir, Pt,
Cu, Ag, Au, Cd, S1, Pb and B and 0.01 at ppm to 50 at % of at
least one type of second element (fine precipitating element)
selected from C, O, N and H, with the balance comprising,
substantially Al.

By using such a sputter target, the interconnector line of
thin film of the mvention can be obtained with good repro-
ducibility. In addition, the fine precipitating element also has
an elfect of suppressing the amount of dust produced by
sputtering. Therefore, the Al interconnector line of thin {ilm
which 1s formed by sputtering using the sputter target of the
invention has the contained amount of fine dust decreased
substantially, excelling in forming the fine interconnector
line network.

And, at least one type of fine precipitating element
selected from C, O, N and H can be taken into the Al inter-
connector line of thin film by controlling, for example, the
sputtering atmosphere and conditions. But, it 1s desirable
that 1t 1s previously contained into the sputter target to obtain
an eflect of suppressing the occurred amount of dust by
sputtering.

The above-described production method of the sputter tar-
get of the invention 1s not limited to a particular one, and 1t
can be produced by applying a known production method
such as atmosphere melting, vacuum melting, quench
coagulation (e.g., spray foaming) or powder metallurgy.

For example, when the vacuum melting 1s applied, an ele-
ment satisfying at least one of the intermetallic compound
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forming element and the high electrode potential element
and the fine precipitating element such as C are mixed 1n a
predetermined amount with Al, and undergone high-
frequency melting 1n vacuum to produce an ingot. When O,
N and H are used as the fine precipitating element, taking
into consideration the contained amount as the impurity
clement, and such gas 1s bubbled while melting to contain 1n
a given amount into the ingot. When O, N and H are used as
the fine precipitating element, 1t 1s preferable to adopt the
vacuum melting in order to control their contained amount.

And, when the spray foaming is applied, an element satis-
tying at least either the mtermetallic compound forming ele-
ment or the high electrode potential element and the fine
precipitating element are mixed with Al 1n a given amount in
the same way, undergone high-frequency melting, and
sprayed by a spray to produce an ingot. When O, N and H
are used as the fine precipitating element, taking into
account the contained amount as the impurity element, such
gas 1s 1njected when spraying to contain 1n a given amount
into the mgot.

When the powder metallurgy 1s applied, the fine precipi-
tating element and an element satistying at least either the
intermetallic compounding forming element or the high
clectrode potential element are mixed 1n a given amount
with Al, and subjected to atmosphere sintering, hot press,
HIP or the like to produce a sinter. When O, N and H are
used as the fine precipitating element, N can be contained
from N, atmosphere when the sinter 1s produced. And, as to
O and H, an amount contained in Al mother material 1s
specified. Thus, O, N and H are contained 1n a predetermined
amount i1nto the sinter. Among them, the quench
coagulation, by which a high-purity and fine-crystalline
material with a relatively high density can be obtained easily,
1s suitable.

Hot processing or cold processing 1s generally applied to
the ingot obtained by melting and the sinter obtained by
powder metallurgy. And, if necessary, recrystallization heat
processing and crystal orientation controlling are performed
to obtain a desired sputter target. In the case of a large target,
diffusion bonding or the like may be performed to obtain a
target having a desired shape. But, when a large target which
1s used to form a large area LCD or the like 1s produced, 1t 1s
preferable to form collectively by various types of methods
in view of suppressing the occurrence of dust by sputtering.

And, when the sputter target of the mvention 1s produced,
it 1s preferable to have a processing rate of 50% or more by
rolling, forging or the like. This 1s because the heat energy
obtained from the above-described processing rate 1s eflec-
tive to produce an array of conformed crystal lattices and to
decrease fine internal defects. Since the required purity,
composition, plane direction and the like are different
depending on the desired sputter target, the production
method can be determined appropriately according to the
required properties.

The production method for the Al interconnector line of
thin film of the invention 1s not limited to the above-
described sputtering and can be various types of film form-
ing methods 1f an Al interconnector line of thin film satisty-
ing the above-described composition can be applied. In other
words, the Al interconnector line of thin film of the invention
1s not limited to the sputter film but can be thin films pro-
duced by various types of film forming methods if they are
the Al interconnector line of thin films satistying the above-
described composition.

The above-described Al interconnector line of thin film of
the invention can be used for interconnector line, electrode
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and the like of various types of electronic parts. Specifically,
they are a liquad crystal display (LCD) using the Al intercon-
nector line of thin film of the invention as the gate line,
signal line and the like, and semiconductor devices such as
VLSI, ULSI and the like using the Al interconnector line of
thin film of the invention as the interconnector line network.
Besides, the Al interconnector line of thin film of the inven-
tion can also be used for a surface acoustic wave oscillator
(SAW) and interconnector line of electronic parts such as an
SAW device using the SAW, and a thermal printer head
(TPH). The electronic parts of the invention are particularly
elfective for an enlarged and high-resolution LCD panel and
a highly itegrated semiconductor device.

FIG. 1 and FIG. 2 are diagrams showing one embodiment
of a liquid crystal display using the Al interconnector line of
thin film of the mvention. FIG. 1 1s an equivalent circuit
diagram of an active matrix liquid crystal display using a
reverse staggered structure TFT, and FIG. 2 1s a sectional
view showing the structure of the pertinent TFT.

In FIG. 1, 1 denotes a transparent glass substrate on which
gate interconnector line 2 and data interconnector line 3 are
disposed into the form of a matrix. A TFT 4 1s formed by
a-S1 film at respective crossings of interconnector line. As
shown 1n FIG. 2, the sectional structure of the TFT 4 has a
gate electrode 2' made of the Al interconnector line of thin
film (Al alloy film) of the invention formed on the transpar-
ent glass substrate 1. This gate electrode 2' 1s integrally
formed by the same material and the same process as the
gate electrode 2 of FIG. 1. And, after forming the gate elec-
trode 2', an S1,N, film 5 1s formed as a gate mnsulating film
thereon, a non-dope a-Si film 6 and an n™ type a-Si film 7 are
formed thereon, and an Mo film 8 1s formed thereon. Lastly,
a drain electrode 3' and a source electrode 9 are formed
thereon. A surface electrode 10 and a liquid crystal capaci-

tance 11 of each pixel are connected to the source of the TFT
4.

FIG. 3 1s a sectional view showing the main structure of
one embodiment of a semiconductor device using the Al
interconnector line of thin film of the mvention. The struc-
ture of this semiconductor device will be described together
with 1ts production process.

In FIG. 3, 21 1s a p-S1 substrate, and heat oxidation 1s
applied to this p-S1 substrate to form a heat-oxidized film on
the surface. Then, oxidation treatment 1s performed selec-
tively excepting each region of source, gate and drain to
form a field oxidized film 22. Then, the heat-oxidized film
on the respective source and drain regions 1s removed by the
formation of the resist film and etching treatment (PEP
treatment). By this PEP treatment, a gate-oxidized film 23 1s
formed. Then, a resist film 1s formed excluding the respec-
tive source and drain regions, and impurity elements are
implanted into the p-S1 substrate 21 to form a source region
24 and a drain region 25. And, a silicide film 26 of Mo or W
1s formed on the gate-oxidized film 23.

Then, after forming an insulation film 27 made of silicate
glass or the like on the entire surface of the P-S1 substrate 21,
the phosphorus silicate glass layer 27 on the source region

24 and the drain region 25 1s removed by PEP treatment. A
barrier layer 28 of TiN, ZrN, HIN or the like 1s formed on the

source region 24 and the drain region 25 from which the
phosphorus silicate glass layer 27 was removed.

Then, the Al interconnector line of thin film (Al alloy
f1lm) of the invention 1s formed on the entire surface, and the
PEP treatment 1s applied to form Al interconnector line 29
having a desired shape. And, after forming an mnsulation film
30 made of an S1,N,, film or the like, an opening for bonding
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an Au lead 31 1s formed by the PEP treatment to complete a
semiconductor chip 32.

FI1G. 4 15 an exploded perspective view showing the struc-
ture of main parts of one embodiment of a thermal printer
head using the Al interconnector line of thin film of the
invention.

In FIG. 4, a heat-resistant resin layer 32 made of an aro-
matic polyimide resin or the like 1s formed on a supporting
substrate 31 made of, for example, an Fe—Cr alloy. A base
film 33 mainly consisting of, for example, S1 and one of N or
C 1s formed on the heat-resistant resin 32 by sputtering or the
like. An exothermic resistor 34 and respective electrodes 35
and common electrodes 36 made of the Al interconnector
line of thin film of the invention are formed on the base film
33. A protective film 37 1s formed to cover most of the elec-
trodes 35, 36 and the exothermic resistor 34.

FI1G. 5, FIG. 6 and FIG. 7 are diagrams showing an SAW
and an SAW device using the Al interconnector line of thin
film of the mvention. FIG. 5 1s a plan view showing the
structure of an SAW according to one embodiment, FIG. 6 1s
a plan view showing the structure of an SAW according to

another embodiment, and FIG. 7 1s a sectional view showing
the structure of an SAW device using the SAW.,

In FIG. 5, transducers 42, 43 made of the Al interconnec-
tor line of thin film of the mvention are formed separately on
a piezoelectric substrate 41 made of an [L.1TaO, substrate and
an LiNbQO; substrate. Weighting 1s performed to change a
crossing width of the electrodes of the transducer, e.g., the
input transducer 42, to make a filter, e.g., a PIF filter of a
color TV recerver. A non-crossed part of the weighted 1nput
transducer 42 1s fully covered with the Al alloy film of the
invention to make large an electrode terminal 44 of the input
transducer 42. A sound absorbing material 45 1s disposed in
an overlaid form on at least a part of the electrode terminal
44 formed 1n this way and the outer part of the mnput trans-
ducer 42. The shape of the sound absorbing material 45 1s
made to have a slanted side edge so to cover most of the rear
edge of the input transducer 42 and to cross slantingly with a
surface acoustic wave where the incident side of the surface
acoustic wave enters. Besides, a sound absorbing material 46
1s also disposed on the outer side of the output transducer 43.

And, FIG. 6 1s a plan view showing the SAW according to
another embodiment. In FIG. 6, a transducer for transtform-
ing an input electric signal mto a surface acoustic wave
propagating on the piezoelectric substrate 41, for example,
an interdigital electrode 47 made of a pair of comb-teeth
type electrodes 47a and 47b mutually engaged, 1s formed on
a piezoelectric substrate 41 consisting of an Li1TaO, sub-
strate or an LiNbQO; substrate. This interdigital electrode 47
1s made of the Al alloy film of the invention. Grading retlec-
tors 48, 49 which 1s to reflect the surface acoustic wave
excited by the mterdigital electrode 47, and 1s made of the Al
alloy film of the mvention are formed on the piezoelectric
substrate 41 at both ends of the mterdigital electrode 47.

The SAW shown 1n FIG. 5 and FIG. 6 15 used as a device
shown 1n FIG. 7. In FIG. 7, an SAW 51 1s fixed onto a chip
carrier 53 made of, for example, a ceramics substrate,
through an adhesive member 52, and a metallic cap 35 1s put
on the chip carrier 53 through a ring 54 made of a low-
thermal expansion metal such as Kovar. A interconnector
line pattern 56 made of the Al alloy film of the mvention 1s
tormed on the chip carrier 33. The SAW 51 and the intercon-
nector line pattern 56 are electrically connected by a bond-
ing wire 37. And, the interconnector line pattern 56 (each
independent pattern) on the chip carrier 53 1s electrically
connected to an interconnector line pattern 59 on the bottom
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side of the chip carrier 53 via a through hole 58 having gold
or the like applied on 1ts mnner wall and sealed by an 1nsulat-
ing material such as glass.

Now, specific embodiments of the Al sputter target and Al
interconnector line of thin film of the invention and their
evaluated results will be described.

EXAMPLE 1

First, 0.83 at % (2.7 wt %) of Y with respect to Al and
1630 at ppm (220 wt ppm) of C with respect to Y were added
to Al, and this mixed material was undergone high-
frequency melting to produce an ingot having a target com-
position. Cold rolling and machining were performed on this

ingot to produce an Al sputter target having a diameter of
127 mm and a thickness of 5 mm.

Using the Al sputter target obtained as described above, an
Al film having a thickness of 350 nm was formed by spin
precipitation on a glass substrate having a diameter of 5
inches under conditions of a back pressure of 1x10™* Pa,
power of 200W DC and sputter time of 3 min. The Al film
was measured to evaluate on a specific resistance, a hillock
density after the heat treatment (573 K) and the presence or
not of etching residue. Etching for an evaluation test of the
ctching residue was performed using, a BCl+Cl, mixture
gas as etching gas. The results are shown 1n Table 1.

And, as comparative examples of the present invention, an
Al sputter target (comparative example 1-1) produced with-
out adding Y and C and an Al sputter target (comparative
example 1-2) produced under the same conditions as
Example 1 excepting that C was not added were used to form
Al films 1n the same way by sputtering. And, these Al films
were also evaluated for properties 1n the same way as in
Example 1. These results (after the heat treatment) are also
shown 1n Table 1.

TABL

LLi]
[

Target composition Evaluated properties of Al

Amount of sputter film
intermetallic Hillock
compound Specific density Etching
forming Amount resistance  after heat  residue
elements of C*1 (u€2cm) treatment *2 *3
Example 1  Al- 1630 at. 3.14 O Non
0.83at% Y ppm
Comparative Al Non 3.00 X Non
example 1-1
Comparative Al- Non 3.01 @ Yes

example 1-2 0.83 at%Y

*1 Compared with the amount of intermetallic compound forming elements
*2 @ = No hillock, © = Side hillocks in part, X = Hillocks on whole sur-

face.
*3 Non = No residue

Yes = Residues on the entire surface

It 1s apparent from Table 1 that the Al interconnector line
of thin film of the mvention excels 1n hillock resistance and
cetching. Thus, by using this Al interconnector line of thin
film, a good fine mterconnector line network can be formed
with good reliability.

EXAMPLE 2

After producing the Al sputter targets having respective
compositions shown 1 Table 2 in the same way as in
Example 1, sputtering was performed under the same condi-

tions as 1n Example 1 to produce respective Al interconnec-
tor line of thin films. These Al interconnector line of thin
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films were measured to evaluate their properties 1n the same
way as 1n Example 1. The results are also shown 1n Table 2.

TABLE 2
Target composition Evaluated properties of
Amount of Al sputter film
intermetallic Hillock
compound Amount density
forming of C *1 Specific  after heat
Sample elements (atomic  resistance treatment Etching
No. (atomic ratio) ratio) (€2 cm) *2 residue *3
Example 2
1 Al-071%Y 5% 3.5 O Non
2 Al-0.73%Y 12% 3.8 (0) Non
3 Al-l.1%Y 200 ppm 4.1 (0)  Non
4 Al-1.73%Y 580 ppm 4.6 (0)  Non
5 Al-1.2%Y 7% 5.1 (0) Non
6  Al-2.83%Y 90 ppm 6.3 (0) Non
7 Al-4%Y 37.8% 6.7 (0)  Non
g Al2%Y 300 ppm 5.1 (0) Non
9  Al-1.8%Y 1.8 ppm 4.9 (L Non
Comparative example 2
1 Al-23%Y Non 4.5 (o)  Yes
2 Al-4%Y 55% 4.9 (0) Yes
EXAMPLE 3

After producing Al targets using various types of elements
instead of Y (compositions shown in Table 3) 1n the same
way as 1n Example 1, respective Al interconnector line of
thin films were obtained by sputtering under the same condi-
tions as 1n Example 1.

These Al interconnector line of thin films were measured
to evaluate their properties in the same way as 1n Example 1.
And, the Al interconnector line of thin films of sample Nos.
16 through 21 were measured to evaluate reactivity with the
ITO electrode 1n an alkaline solution. Reactivity with the
I'TO electrode 1n the alkaline solution was examined by a
generally used electrode measuring method using silver/
silver chloride electrodes as a reference electrode and ITO as
the anode and respective Al alloys as the cathode. The results
are also shown 1n Table 3.

TABL.

(L]
(o

Target composition

Amount of Evaluated properties of Al
intermetallic sputter elements (atomic ratio)
compound Hillock Reac-
forming Amount density tivity
Sam- elements of C*1 Specific  after heat Etching  with
ple (atomic (atomic  resistance treatment residue ITO
No. ratio) ratio) (uE2 cm) *2 3 4
Example 3
1 Al-1.5%Gd 2600 ppm 3.8 (o) Non —
2 Al-2.2%Gd 3700 ppm 4.8 (0) Non —
3 Al-2.6%Th 110 ppm 4.0 (0) Non -
4  Al-5.3% Th 70 ppm 5.2 (0) Non —
5 Al-2.1% Re 220 ppm 4.0 (o)  Non —
6 Al-1.9%B 170 ppm 4.2 () Non —
7 Al-6.1%B 340 ppm 5.1 @ Non —
8 Al-4.9% Sc 90 ppm 4.4 Non -
9  Al-3.7% Sc 410 ppm 5.3 @ Non —
10 Al-1.6% Nd 20 ppm 4.7 Non —
11  Al-2.3% Dy 700 ppm 3.6 @ Non -
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TABLE 3-continued

Target composition

Amount of Evaluated properties of Al
intermetallic sputter elements (atomic ratio)
compound Hillock Reac-
forming Amount density tivity
Sam- elements of C *1 Specific  after heat Etching  with

ple (atomic (atomic  resistance treatment residue ITO

No. ratio) ratio) (L€2 cm) *2 *3 *4

12 Al-1.8% Dy 12% 4.3 (0) Non —

13 Al-1.0% Zr- 120 ppm 3.5 @ Non -
0.2% B

14  Al-0.8% Hf- 190 ppm 3.8 @ Non —
0.5% B

15 Al-1.1% Y- 310 ppm 4.2 @ Non —
0.9% B

16 Al-2.6% Cu 400 ppm 4.5 (o)  Non O

17 Al-4.2% Cu 580 ppm 5.1 (o)  Non O

18 Al-0.9% Mn 350 ppm 3.4 (0) Non O

19 Al-9.7%V 1600 ppm 5.6 (0) Non O

20 Al-15.1% 5.1% 7.9 (0) Non A
Mn

21 Al-13.2% Ta 7.5% 8.8 @ Non A

*4 (O = No reaction, A = Reaction in part, X = Reaction.

EXAMPLE 4

First, material having 2.84 at % (6 wt %) of Co added to
Al was undergone high-frequency melting (vacuum
melting), and H, gas was bubbled into the melted metal to
give H therein. The bubbling amount of H was set so that the
amount of H 1n an 1ingot becomes 980 at ppm (200 wt ppm)
with respect to the amount of Co. The 1ngot thus produced to
have a target composition was undergone hot rolling and
machining to obtain an Al sputter target having a diameter of
127 mm and a thickness of 5 mm.

Using the Al sputter target thus produced, an Al film hav-
ing a thickness of 350 nm was formed by spin precipitation
on a glass substrate having a diameter of 5 inches under
conditions of a back pressure of 1x10~* Pa, power of 200W
DC and sputter time of 2 min. The Al film was undergone
patterning and dry etching and measured to evaluate on a
specific resistance, a hillock density and the presence or not
of etching residue after the heat treatment at 573 K. The
results are shown 1n Table 4. The evaluation test of the etch-
ing residue was performed using a BCl,+Cl, mixture gas as
etching gas.

And, as comparative examples against the invention, an Al
sputter target (comparative example 4-1) produced with no
addition of Co and H and an Al sputter target (comparative
example 4-2) produced under the same conditions excepting
no addition of H as 1n Example 4 were used to form an Al
f1lm 1n the same way by sputtering. And, these Al films were
also evaluated on their properties 1n the same way as 1n
Example 4. These results are also shown 1n Table 4.
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TABLE 4
Evaluated properties of Al
sputter film
Target composition Hillock
Amount of Amount density
added of H*1  Specific  after heat Etching
clements (atomic resistance treatment residue
(atomic ratio) ratio) (€2 cm) 2 *3
Example 4  Al- 980 4.3 (o) Non
2.84% Co ppm
Comparative Al Non 2.9 X Non
example 4-1
Comparative Al- Non 4.2 O Yes
example 4-2 2.84% Co

*1 With respect to the amount of added elements
*2 @ = No hillock, O = Side hillocks in part, A = Hillocks in part, X =

Hillocks on the entire face.
*3 Non = No residue

Yes = Residues on the entire surface

As apparent from Table 4, 1t 1s clear that the Al intercon-
nector line of thin film of example 4 excels 1n hillock resis-
tance and etching. Therefore, by using this Al interconnector
line of thin film, a good fine 1interconnector line network can
be formed with good reproducibility.

EXAMPLE 5

After producing Al sputter targets having respective com-
positions shown 1in Table 5 in the same way as 1n Example 4,
sputtering was performed to produce films under the same
conditions as 1 Example 4. The respective Al films thus
produced were put 1n an alkaline solution (NMD-3/ develop-

ing solution) to measure electrode potentials by using a ret-
erence electrode (Ag/AgCl/C1™"). The results are shown in
Table 5 and FIG. 8.

TABLE 3
Target composition electrode Standard
Amount of high electrode = Amount of potential
Sample No. potential elements H *1 (V(vsAg/AgCl))
Example 3
1 Al-1.43 at % Ni 3600 at. ppm -1.15
2 Al-1.91 at %% Co 190 at. ppm -1.2
3 Al-2.01 at % Pt 700 at. ppm -1.12
4 Al-1.87 at % Au 150 at. ppm -1.25
5 Al-2.3 at % Mo 920 at. ppm -1.11
6 Al-4.6 at % W 80 at. ppm -1.27
7 Al-3.8 at % Pd 610 at. ppm -1.12
8 Al-3.2 at% 1a 110 at. ppm -1.27
9 Al-3.3 at % T1 180 at. ppm -1.25
10 Al-1.2 at % Ag 700 at. ppm —-1.11
11 Al-6.2at% V 300 at. ppm -1.22
Comparative Al Non -1.9
example 5-1
Comparative (ITO) - -1.44

example 5-2

*1 With respect to the amount of high electrode potential element

As apparent from Table 5 and FIG. 3, it is seen that the Al
film containing an element having a standard electrode
potential higher than Al has an electrode potential higher
than that of the ITO.

EXAMPLE 6

Using elements (Ir, Pt, V, Nb) having a standard electrode
potential higher than Al, the Al sputter targets having the
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compositions shown 1n Table 6 were produced 1n the same
way as 1n Example 4, and films were formed by sputtering
under the same conditions as in Example 4 to obtain the Al
interconnector line of thin films. These Al interconnector
line of thin films were measured to evaluate their reactivity
with the ITO electrode 1n an alkaline solution. The results
are also shown 1n Table 6. Comparative example 6 1n Table 6
has the contained amount of high electrode potential ele-
ments fell outside the range of the mvention.

TABL.

L1l

6

Target composition Evaluated properties of

Added Al sputter film

amount of Hillock

high elec- density Reac-

trode poten- Amount after tivity

Sam- tial elements of H *1 Specific heat Etching  with
ple (atomic (atomic resistance  treat- residue ITO
No. ratio) ratio) (u€2 cm) ment *2 *3 *4
Example 6
1 Al-1.9%Ir 50 ppm 4.5 (0) Non O
2 Al-2.4% Pt 17000 ppm 4.8 (0) Non O
3 AlST%V 39000 ppm 8.2 (o) Non O
4  Al-2.3% Nb 400 ppm 5.1 (0) Non O
Comparative example 2

1 Al-0.009% Ir 120 ppm 2.9 X  Non X
2 Al-32% Ir 300 ppm 13.5 @ Yes O
3  Al-0.01% Pt 900 ppm 3.1 A Non A
4 Al-35% Pt 20 ppm 12.5 (o) Yes O
5 Al-33%V 2500 ppm 19.9 (0)  Yes O
6 Al-0.05% 3000 ppm 3.3 A Non X

Nb

As apparent from Table 6, if the contained amount of high
clectrode potential element 1s excessively large, specific
resistance increases, and the etching residue cannot be pre-
vented even 1f an appropriate amount of H 1s contained. On
the other hand, 11 the contained amount of high electrode
potential elements 1s excessively small, the occurrence of
hillocks and the reaction with the ITO electrode can not be
prevented. Meanwhile, the respective Al interconnector line
of thin films having an appropriate amount of high electrode
potential elements and H contained according to Example 6
are seen excelling 1n specific resistance, hillock resistance,
ctching and resistance of reaction with the ITO electrode.
Theretfore, by using such an Al interconnector line of thin
f1lm, a good fine mterconnector line network can be formed
with good reproducibility. And, the gate line or the like of the
LCD can also be formed properly.

EXAMPLE 7

Using elements (Au, Ag, Pd) having a standard electrode
potential higher than Al, the Al sputter targets having the
compositions shown 1n Table 7 were produced 1n the same
way as 1n Example 4, and films were formed by sputtering
under the same conditions as in Example 4 to obtain the Al
interconnector fine of thin films. These Al interconnector
line of thin films were measured to evaluate their properties
in the same way as 1n Example 1. And, the etching property
of the Al mnterconnector line of thin films was examined on
the etching rate of wet etching and dry etching respectively.
The results are shown 1n Table 7.

Comparative example 7 1n Table 7 shows Al films formed
by sputtering in the same way respectively using the Al sput-
ter target produced in the same conditions as Example 7
excepting that H was not added.
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TABLE 7
Target composition Evaluated properties of
Added Al sputter film
amount of Amount Hillock
high elec- of H *1 density Wet Dry
trode poten- (atomic after etching  etching
Sam- tial elements ratio) Specific heat rate rate
ple (atomic (target/  resistance  treat- (nm/ (nm/
No. ratio) wtppm)  (u€2cm) ment *2 min) ITin)
Example 7
1  Al-02%Au 163 ppm 3.1 (o) 105 380
(450 ppm)
2 Al-0.9%Ag 354 ppm 4.2 (o) 111 400
(380 ppm)
3 Al-12%Pd 580 ppm 4.6 (o) 101 340
(480 ppm)
Comparative example 7
1 Al-0.7% Au — 3.1 A 75 210
2 Al-2.5% Ag — 4.8 A 70 250
3 Al-19% Pd — 13.2 (o) 55 200

As apparent from ‘Table 7, each Al interconnector line of
thin film according to Example 7 containing an appropriate
amount of high electrode potential element and H excels 1n
specific resistance and anti-hillock property and also has
high etching rate property. Therefore, by using this Al inter-
connector line of thin film, a good fine 1nterconnector line
network can be formed with good reproducibility and high
eificiency.

EXAMPLE 8

After producing the Al sputter targets having the compo-
sitions shown 1n Table 8 in the same way as in Example 4,
films were formed by sputtering under the same conditions
as 1n Example 4 to obtain the respective Al interconnector
line of thin films. The properties of these Al interconnector
line of thin films were measured to evaluate 1n the same way
as 1n Example 1. The results are shown in Table 8.

TABLE 8
Target composition Evaluated properties of
Amount of Al sputter film
intermetallic Hillock
compound Amount density
forming of H. *1 Specific  after heat
Sample amount (atomic  resistance treatment Etching
No. (atomic ratio) ratio) (€2 cm) *2 residue *3
Example 8
1 Al-14%Y 300 ppm 5.4 (o)  Non
2 Al-3.2%Zr 50 ppm 6.9 (0)  Non
3  Al2.1%La 720 ppm 4.8 (0) Non
4  Al-11% Ce 400 ppm 8.8 (0) Non
5  Al-7.9% Nd 190 ppm 6.5 (0)  Non
6  Al-2.2% Nd 300 ppm 5.3 (0)  Non
7 Al-2.8% Nd 800 ppm 5.7 (L Non
Comparative example &
1 Al-45%Y 210 ppm 28.4 (o) Yes
2 Al-2.2% Zr 0.004 ppm 3.9 (0) Yes
3  Al51%La 30 ppm 31.2 (0) Non
4 Al-0.0005% Ce 7500 ppm 3.1 X Non
5 Al-80% Nd 15ppm  41.3 (o)  Yes
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EXAMPLE 9

First, material having 0.3 at % (2 wt %) of Ta added to Al
was undergone high frequency melting (vacuum melting),
and O, was bubbled to enter oxygen when melting. The
entered amount of oxygen was set so that the amount of O 1n
an 1ngot becomes 10 at ppm (300 wt ppm) with respect to the
amount of Ta. The ingot thus produced to have a target com-
position was undergone hot rolling and machining to obtain
an Al sputter target having a diameter of 127 mm and a
thickness of 5 mm.

Using the Al sputter target thus produced, an Al film hav-
ing a thickness of 350 nm was formed by spin precipitation
on a glass substrate having a diameter of 5 inches under
conditions of a back pressure of 1x10~* Pa, power of 200W
DC and sputter time of 2 min. The Al film was undergone
patterning and dry etching and measured to evaluate on a
specific resistance, a hillock density and the presence or not
of etching residue after the heat treatment at 573 K. The
results are shown 1n Table 9. The evaluation test of the etch-
ing residue was performed using a BCI3+Cl12 mixture gas as
ctching gas.

And, as comparative examples with the mvention, an Al
sputter target (comparative example 9-1) produced with no
addition of Ta and O and an Al sputter target (comparative
example 9-2) produced under the same conditions excepting
no addition of O as in Example 9 were used to form an Al
film 1n the same way by sputtering. And, these Al films were
also evaluated on their properties 1n the same way as 1n
Example 9. These results are also shown 1n Table 9.

TABLE 9
Evaluated properties of Al
sputter film
Target composition Hillock
Added Specific density Etching
amount of Amount resistance  after heat  residue
elements of O *1 (u€2cm) treatment *2 *3
Example 9 Al- 10 ppm 3.3 @ Non
0.3 at% la
Comparative Al Non 3.1 X Non
example 9-1
Comparative Al- Non 3.2 @ Yes
example 9-2 0.3at% Ta

As apparent from Table 9, 1t 1s seen that the Al intercon-
nector line of thin film of Example 9 excels 1n anti-hillock
property and etching property. Therefore, by using this Al
interconnector line of thin film, a good fine interconnector
line network can be formed with good reproducibility.

EXAMPLE 10

Al targets (compositions shown 1n Table 10) using various
types of elements were produced in the same way as in
Example 9, films were formed by sputtering under the same
conditions as 1n Example 9 to obtain respective Al intercon-
nector line of thin films.

These Al interconnector line of thin films were measured
to evaluate their properties in the same way as 1n Example 1.
And, the Al interconnector line of thin films of sample Nos.
5 and 6 were also measured to evaluate their reactivity with
the I'TO electrode 1n an alkaline solution 1n the same way as
in Example 3. The results are shown 1n Table 10. Compara-
tive example 10 1n Table 10 had the added amounts of ele-
ments falling outside of the range of the invention.
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TABLE 10

Target composition

Amount of Evaluated properties of Al
intermetallic sputter elements (atomic ratio)
compound Hillock Reac-
forming Amount density tivity
Sam- elements of O *1 Specific  after heat Etching  with
ple (atomic (atomic  resistance treatment residue ITO
No. ratio) ratio) (€2 cm) *2 *3 *4
Example 10
1 Al-1.1% Er 190 ppm 4.7 (o)  Non —
2 Al-23% Th 70 ppm 16.5 (o)  Non —
3 Al-19.2% Sr 920 ppm 17.3 (0) Non -
4  Al-1.43% Zr 90 ppm 4.2 (0) Non —
5 Al-1.2% Si 130 ppm 4.6 (0) Non O
6 Al-1.7% Ti 250 ppm 5.3 (0) Non O
7 Al-0.9% Ti 90 ppm 4.1 (o)  Non —
8 Al-0.7% Ti 5000 ppm 4.3 (0) Non —
Comparative example 10
1 Al-36.5% Er 20 ppm 18.2 @ Yes -
2 Al-04% Th 0.007 3.2 Yes —
ppm
3  Al-0.6% Sr 0.003 3.9 O Yes —
ppm
4  Al-38.1% Zr 340 ppm 23.6 @ Yes -
5 Al-0.0005% 29000 3.4 X Non
S1 ppm
6 Al-32.8% T 450 ppm 26.5 @ Yes O
EXAMPLE 11

First, material having 0.28 at % (2 wt %) of Pt added to Al
underwent high-frequency melting (vacuum melting) and N,
was bubbled to enter nitrogen while melting. The entered
amount of nitrogen was determined so that the amount of N
in an ingot becomes 19 at ppm (500 wt ppm) against the
amount of Pt. The ingot produced to have the target compo-
sition was undergone hot rolling and machining to obtain an
Al sputter target having a diameter of 127 mm and a thick-
ness of 5 mm.

Using the Al sputter target thus obtained, an Al film hav-
ing a thickness of 350 mm was formed by spin precipitation
on a glass substrate having a diameter of 5 inches under
conditions of a back pressure of 1x10™* Pa, power of 200W
DC and sputter time of 2 min. The Al film was undergone
patterning and dry etching and measured to evaluate on a
specific resistance, a hillock density and the presence or not
of etching residue after the heat treatment at 573 K. The
results are shown 1n Table 11. The evaluation test of the
etching residue was performed using a BCl,+Cl, mixture
gas as etching gas.

As comparative examples of the invention, an Al sputter
target (Comparative example 11-1) produced with no addi-
tion of Pt and N and an Al sputter target (Comparative
example 11-2) produced under the same conditions as in
Example 11 excepting that N was not added were used to
form Al films by sputtering in the same way. And, these Al
films were also evaluated on their properties 1n the same way
as 1n Example 11. These results are also shown 1n Table 11.
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TABLE 11
Evaluated properties of Al
sputter film
Target composition Hillock
Added Specific density Etching
amount of  Amount resistance  after heat  residue
elements of N*1 (uf€2cm) treatment *2 *3
Example 11 Al- 19 ppm 34 @ Non
0.28 at %
Comparative Al Non 3.1 X Non
example
11-1
Comparative Al- Non 3.2 O Yes
example 0.28 at %
11-2

As apparent from Table 11, it 1s seen that the Al intercon-
nector line of thin film of Example 11 excels in anti-hillock
property and etching property. Therefore, by using this Al
interconnector line of thin film, a good fine interconnector
line network can be formed with good reproducibility.

EXAM.

PLE 12

After producing Al targets using various types of elements
(compositions shown in Table 12) in the same way as 1n
Example 11, respective Al interconnector line of thin films
were obtained by making films by sputtering under the same
conditions as in Example 11. These Al interconnector line of
thin films were measured to evaluate their properties by the
same procedure as in Example 1. Comparative example 12
in Table 12 had the added amount of element determined
falling outside the range of the invention.

TABLE 12

Target composition Evaluated properties of

Amount of Al sputter film
intermetallic Hillock
compound Amount density
forming of N *1 Specific  after heat
Sample elements (atomic  resistance treatment FEtching
No. (atomic ratio) ratio) (L2 cm) *2 residue *3
Example 12
1 Al-1.8% Sc 660 ppm 4.7 (o)  Non
2 Al-2.2%La 330 ppm 4.4 (0) Non
3  Al-1.3% Ce 910 ppm 4.9 (0) Non
4  Al-2.4% Nd 420 ppm 5.1 (0)  Non
5  Al-2.8% Sm 70 ppm 5.7 (o)  Non
6  Al-3.0% Gd 150 ppm 5.4 (0) Non
7 Al-4.5%Tb 220 ppm 5.9 (0) Non
8  Al-11% Dy 290 ppm 6.3 (0)  Non
9  Al-1.2% Sc 3000 ppm 4.6 (0) Non
10 Al-1.3% Sc R00 ppm 4.8 (0) Non
Comparative example 12
1 Al-32% Sc 310 ppm 18.9 o Yes
2 Al-31% La 700 ppm 27.8 @ Yes
3 Al-0.0008% Ce 6000 ppm 3.5 X Non
4 Al-0.0007% 3200 ppm 3.2 X Non
Nd
5 Al-34% Sm 3000 ppm 21.2 @ Yes
6  Al-36% Gd 7400 ppm 22.6 (0) Yes
7 Al-21% Tb 0.003 ppm 19.9 (0) Yes
8 Al-26% Dy 0.005 ppm 25.6 o Yes
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Industrial Applicability

As apparent from the above-described examples, the
interconnector line of thin film of the invention has low

resistance and also excels in anti-hillock property, etching
property, preventing property of an electrochemical reaction
with I'TO or the like. Therelfore, by using the interconnector
line of thin film of the mvention, LCD’s signal lines, gate

lines, and very fine interconnector line network of a semi-
conductor device can be formed well. And, with the sputter
target of the invention, the above-described low resistance
interconnector line of thin film can be formed with good
reproducibility, and the occurrence of dust in sputtering can
be suppressed.

What 1s claimed 1s:

1. A sputter target, consisting essentially of 0.001 to 30 at
% of at least one first element [constituting] which forms an
intermetallic compound [of] wit/z Al, 0.01 at ppm to 50 at %,
with respect to the amount of the first element, of at least one
second element selected from the group consisting of C, O,
N and H, provided that an amount of N 1s not more than 3000
at ppm, and the balance of Al.

2. A sputter target, consisting essentially of 0.001 to 30 at
% of at least one first element having a standard electrode
potential higher than Al, 0.01 at ppm to 30 at %, with respect
to the amount of the first element, of at least one second
element selected from the group consisting of C, O, N and H,
provided that an amount of N 1s not more than 3000 at ppm,
and the balance of Al.

3. The sputter target according to claim 2, wherein the
sputter target has the first element which 1s an element con-
stituting an intermetallic compound of Al.

4. A sputter target consisting essentially of 0.001 to 30 at
% of at least one first element having a standard electrode
potential higher than Al, 0.01 at ppm to 350 at % of H with
respect to the amount of the first element, and the balance of
Al.

5. The sputter target according to claim 4, wherein the
sputter target contains the H 1n a range of 500 wt ppm or
below.

6. A sputter target, consisting essentially of at least one
first element selected from Y, Sc, La, Ce, Nd, Sm, Gd, Tb,
Dy, Er, Th, Sr, T1, Zr, V, Nb, Ta, Cr, Mo, W, Mn, Tc, Re, Fe,
Co, N1, Pd, Ir, Pt, Cu, Ag, Au, Cd, S1, Pb and B, 0.01 at ppm
to 50 at %, with respect to the amount of the first element, of
at least one second element selected from the group consist-
ing of C, O, N and H, provided that an amount of N 1s not
more than 3000 at ppm, and the balance of Al.

7. A sputter target consisting essentially of 0.001 to 30 at
% of at least one first element selected from the group con-

sisting of Y, Sc, La, Ce, Nd, Sm, Gd, 1b, Dy and L¥, at least

one second element selected from the group consisting of

0.01 at ppm to 3 at % of C with respect to the amount of the
first element, 0.01 at ppm to 7.5 at Yo of O with vespect to the
amount of the first element, 0.01 at pm to 7.5 at % of N with
respect to the amount of the first element, and 0.01 at ppm to
7.5 at Y% of H with respect to the amount of the first element,
and the balance of Al.

8. The sputter target according to claim 7, wherein the
sputter target comprises an intermetallic compound of Al
and the first element, and the intermetallic compound is pre-
cipitated finely and uniformly in the sputter target.

9. The sputter target according to claim 8, wherein the
sputter tavget is formed by applving a quench coagulation
method.

10. The sputter target according to claim 7, wherein the
sputter target contains the C in the range of 3000 at ppm or
below with vespect to the amount of the first element.
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11. The sputter target according to claim 7, wherein the
sputter target contains the C in the vange of 1500 at ppm or
below with rvespect to the amount of the first element.

12. The sputter target according to claim 7, wherein the
sputter target contains the O in the range of 1.5 at % or
below with respect to the amount of the first element.

13. The sputter target according to claim 7, wherein the
sputter target contains the O in the range of 1500 at ppm or
below with vespect to the amount of the first element.

14. The sputter target according to claim 7, wherein the
sputter target contains the N in the vange of 1.5 at % or
below with rvespect to the amount of the first element.

15. The sputter target according to claim 14, wherein the
sputter target is formed by applving a quench coagulation
method.

16. The sputter target according to claim 7, wherein the
sputter target contains the N in the vange of 3000 at ppm or
below with rvespect to the amount of the first element.

17. The sputter target accovding to claim 16, wherein the
sputter target is formed by applving a quench coagulation
method.

18. The sputter target of claim 7, wherein the sputter tar-
get contains the N in the range of 1500 at pm or below with
respect to the amount of the first element.

19. The sputter target according to claim 18, wherein the
sputter target is formed by applving a quench coagulation
method.

20. The sputter target according to claim 7, wherein the
sputter target contains the H in the vange of 1.5 at % or
below with respect to the amount of the first element.

21. The sputter target according to claim 7, wherein the
sputter target contains the H in the range of 1500 at ppm or
below with respect to the amount of the first element.

22. A sputter target, consisting essentially of 0.001 to 30
at % of at least one first element selected from the group
consisting of Ag, Au, Cu, 1i, V, Nb, 1a, Cr, Mo, W, Mn, Fe, Co,
Ni, Pd, Ir, Pt, Cd, Si and Pb, at least one second element
selected from the group consisting of 0.01 at ppm to 3 at % of
C with vespect to the amount of the first element, 0.01 at ppm
to 7.5 at Y% of O with respect to the amount of the first
element, 0.01 at ppm to 7.5 at % of N with respect to the
amount of the first element, and 0.01 at ppm to 7.5 at Yo of H
with respect to the amount of the first element, the second
element comprising the H, and the balance of Al.

23. The sputter target according to claim 22, wherein the
sputter target contains the H in the vange of 1.5 at % or
below with vespect to the amount of the first element.

24. The sputter target according to claim 22, whevein the
sputter target contains the H in the range of 1500 at ppm or
below with vespect to the amount of the first element.

25. The sputter target according to claim 22, whevein the
sputter target contains the C in the range of 3000 at ppm or
below with rvespect to the amount of the first element.

26. The sputter target according to claim 22, wherein the
sputter target contains the C in the range of 1500 at ppm or
below with respect to the amount of the first element.

27. The sputter target according to claim 22, wherein the
sputter target contains the O in the rvange of 1.5 at % or
below with respect to the amount of the first element.

28. The sputter target according to claim 22, wherein the
sputter target contains the O in the range of 1500 at ppm or
below with vespect to the amount of the first element.

29. The sputter target according to claim 22, whevein the
sputter target contains the N in the vange of 1.5 at % or
below with vespect to the amount of the first element.
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30. The sputter target according to claim 22, wherein the
sputter target contains the N in the vange of 1500 at ppm or
below with rvespect to the amount of the first element.

31. The sputter target according to claim 7, wherein the

sputter target contains N in a vange of 910 at ppm ov below
with respect to the amount of the first element.

32. The sputter target according to claim 7, wherein the
sputter target contains N in a vange of 420 at ppm ov below
with rvespect to the amount of the first element.

24

33. The sputter target according to claim 7, wherein the

sputter target contains N in a vange of 150 at ppm or below
with vespect to the amount of the first element.
34. The sputter target according to claim 7, wherein the

sputter target contains N in a vange of 70 at ppm or below
with rvespect to the amount of the first element.



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : RE41,975 E Page 1 of 1
APPLICATION NO. : 10/732888

DATED : November 30, 2010

INVENTOR(S) : Ishigami et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

Claim 7, column 21, line 54, change “0.01 at pm” to --0.01 at ppm--.
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