SPECIFICATION
ALUMINUM OR ALUMINUM ALLOY SPUTTERING TARGET

TECHNICAL FIELD
The present invention relates to sputtering targets of
high-purity aluminum or high-purity aluminum alloy and more
particularly relates to high-purity aluminum or aluminum alloy
sputtering targets which, when sputtered to form a thin film,

do not involve much particle generation.

BACKGROUND ART

Sputtering targets are uéually in the form of circular
discs which serve as sputtering sources.when sputtering is
used to form electrodes, gates, conductive patterns, elements,
insulation films, proteétive films, etc. on substrates. As
accelerated particles impinge against the surface of a target,
atoms that constitute the target are partly released in an
ambient spacing owing to momentum exchange and are deposited
on an oppositely located shbstrate. Typical of sputtering
targets in use include aluminum énd aluminum alloy targets,
refractory metal and alloy (W, Mo, Ti, Ta, Zr, Nb, etc. and
their alloys such as W-Ti) targets, metallic silicides
(MoSix, WSix, NiSix, etc.) targets, and platinum group metal
targets.

An important one of fhese.target groups is the group of
aluminum and aluminum alloys for forming aluminum wirings.
Also, thin films of aluminum are used as reflective surfaces
of compact discs and magneto-optic discs.

The tendency toward larger scale integration of electronic



circuits has reduced the width of their wiring to the
sub-micrometer range. Consequently, the particles that
generate upon forming a thin film by sputtering are presenting
a major problem as a cause of disconnection or shorting of '
thecircuits. The term "particles" as used herein means the
particulate matters that fly off from the target upon
sputtering and deposit in clusters directly onto a thin film
being formed on a substrate or once deposit and build up on
surrounding walls and components and then come off onto the
thin film. As for aluminum (alloy) targets, they too must
cope with the advent of finer aluminum wiring and higher
quality reflective surfaces of compact and magneto-optic
discs. To meet the end, it is desired to decrease the number
of particles that result from sputtering, specifically the
number of particles 0.3 g m or larger in diameter to 50 or
fewer per square centimeter.

Under the circumstances, the present inventors have found
that particles originate from inclusions in aluminum (alloy)
targets and that the inclusions are mostly oxides. On the

basis of the findings, we previously proposed aluminum or

~aluminum alloy sputtering targets characterized in that the

number of inclusions 10 y m or more in average diameter that
appear on the sputter surface of a target is fewer than 40
per square centimeter and the oxygen content in the target is
less than 15 ppm (Japanese Patent Application No. 7-192619).
As described in the abové Patent Application No. 7-192619,
a decrease in the oxygen content of an aluminum or aluminum
alloy target makes it possible substantially to control the
generation of particles. However, it has been pointed out

that there still is a problem of sudden increase in the number



of particles during the course of sputtering. Although the
average number of particles during sputtering is at a
satisfactorily low level, it can occur that the number of
particles in one wafer iot or other, all of sudden, exceeds a
conﬁrollable limit. This phenomenon of sudden particle
generation is a factor that can lower the yield of.an LSI
fabrication process.

The present invention is aimed at providing high-purity
aluminum or high-purity aluminum alloy sputtering targets
specifically capable of controlling the sudden particle

generation during film formation by sputtering.

DISCLOSU&E OF INVEﬁTION

The present inventbrs have concentrated our efforts in
solving the problems of the prior art and have primarily
investigated about the form in which oxygen occurs in aluminum
or aluminum alloy targets. The investigations have suggested
a strong possibility of the presence as composite inclusions
of alumina and carbon particles that apparently originate
from the graphite crucible used in melting target materials.

The composite inclusions are rather roughly or
scatteringly distributed and are not included in specimens
usually sampled for oxygen analysis, being seldom counted in
analytical values. Nevertheless they can cause particle
generation during a sputtering process. It is presumed

especially with low oxygen-content targets that the relatively

rough distribution induces a sudden increase in the number

of particles.

In addition to the findings as above, the present

inventors have now revealed the possibility of using the



number of "indication" in ultra-sonic flaw detection of a

taréet materiél as a measure of the frequency of presence of

graphite-alumina composite inclusions in an aluminum or
aluminum alloy target.

On the basis of the forégoing, the present invention
provides a sputtering target of high-purity aluminum or high-
purity aluminum alloy.characterized in.that the oxygen content
in the target is less than 5 ppm énd that, in ultrasonic
flaw detection from the target surface, the number of
indication corresponding to flat bottom holes 0.5 mm or more

in diameter is fewer than 0.014 per square centimeter.

BRIEF EXPLANATiON OF THE DRAWINGS
FI1IG. 1 is a graph showing changes in the numbers of
particles with 1ots that used Target A (Comparative Example)
and Target B (Example).'
FIG. 2 is a graph showing changes in the numbers of
particles with lots that used Target C (Comparative Example)

and Target D (Example).

BEST MODE FOR CARRYING OUT THE INVENTION

Particles upon sputtering are generated as inclusions in
the target burst into tiny particulate matters. The tiny
particulate matters fall back and deposit around pores left
open by the burst. The deposit then comes off, too becoming
a cause of particles. Since the inclusions that give birth to
the particles consist mainly of oxides, the oxygen content in
a target is limited to less than 5 ppm. In addition, the
number of indication corresponding to flat bottom holes 0.5

mm or more in diameter is set to fewer than 0.014 per square



centimeter so that the level of graphite-alumina composite
inclusions in the target is lowered and the possibility of
sudden particle generation is satisfactorily reduced.

The expression "high-purity aluminum" used as a material
for sPuttering'targets according to the present invention
means aluminum of 99.99% or greater purity. By "aluminum
allby“ is meant a high-purity aluminum containing up to 10%
by weight, in total, of one or two or more elements usually
added to sputtering targets, such as Si, Cu, Ti, Ge, Cr, Ni,
Mo, B, Zr, Nd, Ta.

As materials for the manufacture of sputtering targets
according to the present invention, commercially available
high-purity aluminum materiais with or without the addition of
the above-mentioned alloying elements may be used. In any
case, the material chosen must have the least possible
contents of impurities,'such as radioactive elements or alkaii
metals, that can have adverse effects upon electronic devices
and the like.

A target is usually fabricated by melting and casting a
material, heat treating and working the cast piece to impart
proper crystal structure, grain size, etc., and then machining
and finishing the workpiece to final target dimensions in the
form of a disc or the like. Adequate combination of plastic
working, such as rolling and forging, with heat treatment
permits optimum adjustments of the crystalline orientation and
other qualities of the resulting target.

Inclusions for the most part come from the process steps
of material melting and casting. They are predominantly
oxides, the remainder being nitrides, carbides, hydrides,

sulfides, silicides, etc. In view of this, crucibles, gates,



molds, etc. used for target fabrication is made of reducing
materials by preference. Also, it is important in casting
molten aluminum or aluminum alloy to thoroughly remove oxides
and other slags that come up to the surface of the melt. The
melting and casting are carried out in a non—oxidizing |
atmosphere, preferably in a vacuum.

Particles upon sputtering are generated as inclusions in
the target burst into tiny particulate matters. The tiny
particulate matters fall back and deposit around pores left
open by the burst. The deposit then comes off, too becoming
a cause of particles. The inclusions that give birth to the
particles consist mainly of qxides, and when an oxygen
content in the target becomes more than 5 ppm, the particle
generation is encouraged noticeably. Therefore, the oxygen
content in a target is limited to less than 5 ppm.

It is also necessary to reduce the proportion of graphite-
alumina composite inclusions that can cause sudden particle
generation. These inclusions are rather roughly distributed
and are not included in specimens usually sampled for oxygen
analysis; they are rarely counted in analytical values. With
this in view, a target material is subjected to ultrasonic
flaw detection from its surface, and the number of indication
corresponding to flat bottom holes 0.5 mm or more in diaﬁeter
thus observed is used.as a measure of the frequency of
presence of the graphite-alumina composite inclusions.

The indication measurement in ultrasonic flaw detection
can be made on the basis of the intensities of reflected
echoes that vary with distances to indications, dimensions and
configurations of the indications, etc. 1In general, the

magnitude of an indication is estimated by comparing the



intensity of its indication echo with a DGS chart of measure-
ments with echoes reflected from flat bottom holes machined
to varied depths and dimensions. Thus, a flat bottom hole
diameter of 0.5 mm means the magnitude of an indication
havingwan intensity equivalent to that of the echo reflected
from a flat bottom hole having a diameter of 0.5 mm and as
much depfh. It is also known as an equivalent diameter.
When the number of indication corresponding to the flat
bottom hole diameter of 0.5 mm or more is greater than 0.014
per square centimeter, the sudden increase in the number of
particles becomes remarkable. Therefore, the number of
indication corresponding to £flat bottom hole diameter
0.5 mm or more is set to fewer than 0.014/cm?*. This value

corresponds to fewer than 10 in an ordinary high-purity

of

aluminum or aluminum alloy sputtering target, or a target

300 mm in diameter and from 10 to 15 mm thick.

Thus, under the present invention, the average number of
particles can be decreased while, at the same time,
controlling sudden particle generation, so as to meet future

requirements for aluminum (alloy) targéts.

EXAMPLES

(Example 1)

Two different types of Al-0.5%Cu alloy targets (300 mm in
diameter and 10 mm thick) were made. The oxygen contents in
the targets were determined. Ultrasonic flaw detection of
the targets was performed from above their surfaces. The

conditions used for the detection were as follows:



Oscillator diameter : 9.5 mm
" area :.68 mm?
" shape : circular

Ultrasonic frequency: 5 - 10 MHz

The oxygen contents in the targets, and the numbers of
indication corresponding to flat bottom holes 0.5 mm or more

in diameter in ultrasonic flaw detection per unit area were

as follows:

Oxygen Number/cm? of indication corre-
content sponding to flat bottom hole
{ppm) _diameter_of 0.5 mm or more

Target A (Comp.Ex.) 1 - 0.0453

Target B (Example) 2 0.0042

With these targets sputtering tests were carried out.
Sputter films were formed on silicon wafers 8 in. in diameter
and the number of particles 0;3 u m or larger in diameter were
counted using a particle counter (Model No. 6420
manufactured by Tencor). Changes in numbers of particles in
different lots are graphically represented in FIG. 1.

Lot Nos. 1 - 32 represent the results of sputtering with
Target A, Lot Nos. 33 - 40 the results with Target B, and Lot
Nos. 41 - 49 the results again with Target A.

When Target A was used, sudden increases in the number of
particles (indicated by asterisks in FIG. 1) were observed.

With Target B, stability was maintained with no such peak.



(Example 2)

In the same way as in Example 1, two different types of
Al-0.5%Cu alloy targets (300 mm in diameter and 10 mm thick)
were made. The oxygen contents in the targets were
determined, and ultrasonic flaw detection was performed from
above their surfaces.

The oxygen contents in the targets, and the numbers of
indication corresponding to flat bottom holes 0.5 mm or more
in diameter in ultra- sonic flaw detection per unit area were

as follows:

Oxygen Number/cm? of indication corre-
content sponding to f£lat bottom hole
(ppm) .diameter of 0.5 mm or more

Target C (Comp.Ex.) 0.5 0.0325

Target D (Example) 0.5 0.0127

Using these targets, sputtering tests were carried out.
Sputter films were formed on silicon wafers 8 in. in diameter
and the number of particles 0.3 y m or larger in diameter were
counted with a particle counter (Model No. 6420 manufactured
by Tencor). Changes in numbers of particles in different lots
are shown in FIG. 2.

‘Lot Nos. 1 - 17 represent the results of sputtering with
Target C, and Lot Nos. 18 - 33 the results with Target D.

When Target C was used, sudden increases in the number
of particles (indicated by asterisks in FIG. 2) beyond.a
controllable upper limit (30 in this case) were observed.

On the other hand, with Target D, stability was maintained

with no such increase.



INDUSTRIAL APPLICABILITY
The high-purity aluminum or high-purity aluminum alloy
sputtering target according to the present invention makes it
possible to reduce the occurrence of sudden particle

generation during the course of sputtering.
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CLAIM
- | 1) A sputtering target of high-purity aluminum or high-purity
aluminum alloy characterized in that the oxygen content in the
target is less than 5 ppm and that, in ultrasonic flaw
detection from the target surface, the number of indication
corresponding to flat bottom holes 0.5 mm or more in diameter

is fewer than 0.014 per square centimeter.



