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particular, as well as to the precursors of these tar r cathodes. In
~the following, the word "target" also designates the cathodes. The

i nvention nore particularly pertains to processes for the Tnsp on,
particularly by ultrasound, of the internal soundne argets and
of the target precursors, as well as to the selectmmmmﬁmﬂwﬂﬁwmnd
precursors comng fromthese processes. State of the art an e probl ens
t hereof Cathode sputtering is a deposition technique wh6¥¥ principle is
descri bed abundantly in the 'specialized scientific literature. It allows
one to deposit pracrRrs@iTCysEITTER e sadeTet @rivaltHol ef ractory or
nonrefractory, alloyed or not, conductive or dielectric, on all types of
substrates which accept being put under vacuum and slight heating. This
deposition techni que has been applied extensively in electronics for the
coating of sem conductor Silicon wafers with an alum num alloy and the
manuf acTecenoéaY .ddMain 2

The invention pertains to tafgets or cathodes based on
aluminum with a very high degree of purity, which are intended for
c§thode Sputtering on a substrate for manufactufihg integrated
circuits ip particular, as well as to the precursors of these
targets or cathodes. In the following, the word "target" also
designates the cathodes.
| The invention more particularly pertains to brocesses for the
lnspection, particularly by ultrasound, of the internal soundness
of the targets and of the target precursors, as well as to the

sel i
ected targets and brecursors coming from these Processes

State of thg art and the problems thereof

| Cathode Sputtering is a deposition technique whose principle
1s described abundantly in the Specialized scientific literature

It allows one to deposit Practically all types of materials .
réfractory Or nonrefractory, alloyed or not, conductive or ’
dielectric, on all Lypes of substrates which accept being put under
vacu§m‘and slight heating. This deposition technique has been
a;p}lea extensively in electronics for the coating of semiconductor
silicon wafers with an aluminum alloy and the manufacture of )

HOD Techni cal domain The invention pertains to targets or cathodes basedé

alumnumwi th a very high degree of purity, mhmmw ' nded for ;
fhode sputtering on a substrate for manufacturin MWW@WWWMQ circuits in
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ﬁ;&ediated circuits. Thus, the manufacture of integrated circuits wth a

i i i i ith a capacity
~hirgh, I evel "of integration, for exanple, DRAM nenories w .
'_grgaier than 4MB, requires the deposition of netallic interconnection

l-ayers of small thickness (approximately 1 m, which are then etched to

L{)

formextrenely fine lines (less than 0.5 min w dth) allow ng individual

_access to each menory position. One sees that under these conditions, any

defect in the netallization |layer, whose size is close to the w dth of 2an
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i nPf ultra-1arge-scale integrated circuits,
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consi deFeisigtisty efsélie andeghetwtdehrodit he |ine has been brought to a few
tenths of a ARGPEHGEY MY 0n QgeOragt?élﬂzgtizéno'l%y@r's,3which are
obtained By cathode sputtering under vacuum using a metallic
target, one of the most frequent is the tearing of fine particles
from the surface of the target and redeposition of these fine solid
or liquid or dust particles on the semiconductor substrate during
metallization. The size of this dust or these particles is
generally between a few tenths of a micron to a few microns.

In the case of the earlier generations of integrated circuits,
whose etching width was several microns, the majority of the
particles thus redepositing on the metallized layer of the
substrate did not cause any significant etching defects, and the
proportion of metallized substrates rejected because of etching
defects for this reason could be tolerated.

In contrast, in the case of the current and future generations
of ultra-large-scale integrated circuits, for example, the DRAM
memories of 16MB or more, the fineness of etching has been
considerably stressed, and the width of the line has been brought

to a few tenths of a micron (currently on the order of 0.2-0.5 pm) .



nderwt hese conditions, the very fine particles torn fromthe target and |

"rede{posi ted on the sem conductor substrate have becone a nmjor cause for

i

s

'-_rej ection of integrated circuits, and each year, this defect costs the
wor | dwi de el ectronics industry considerable sunms of nopbney, greater by

several orders of magnitude than the cost of the netallization targets

" which are used. It is beconming obvious that the el ectronics industry has a

maj or stake in elimnating this defect, or at the very least, limting3dt,
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These efforts, however, have up to now remained without
effect, in spite of the attempts aiming to act on the conditions of
preparation of the target, for example, by refinement and
homogenization of the sizes of the particles below 0.1 mm according
to EP-A-0,466,617 (US 5,160,388). It should also be noted that in
this field, nondestructive testing methods, particularly the
ultrasonic inspection methods for testing the regularity of the
active metallic layer of the target in comparison with a reference
layer with an equivalent average particle size, according to US
5,406,850, do not help explain and a fortiori limit this serious
problem.

Various hypotheses have been issued as to the origin of the
particles redeposited on the substrate in the course of

metallization:

* A first hypothesis is a two-step mechanism:
* In a first step, a part of the metal torn atom by atom from
the target is deposited on the walls of the sputtering reactor, or

on pleces of equipment contained in this reactor, such as the



|'Tivating grid | ocated between the sputtering target and the substrate,

‘and forms a fine deposit there. In a second step, this deposit is torn

“.again fromits support, in the formof fine particles, and is projected

.onto the sem conductor substrate during netallization. However, this
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mechanism if it exists, can only be conpletely. secondary, peaﬁuseoh;
does not explain a major observation, which is the follow ng: en e ol
observes a high | evel of em ssion and redeposition of particles on sever
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* A second hypothesis issued to explain this characteristic

effect, connected with an unknown property of the sputtering

target, was to suspect the presence of fine inclusions in the
metal, such as inclusions of oxides, nitrides, carbides,

etc., in
the metallic matrix of which the target is composed.

These refractory and electrically nonconductive particles

could be electrically charged under the effect of bombardment of

the target with argon ions, and could ultimately give rise to the

establishment of an electric arc (phenomenon called "arcing"), and

then to the melting of the metal surrounding the particle and to
its being thrown in the form of multiple micron-sized liquid
droplets onto the substrate (

phénomenon known as "splashing" or
"spattering"),

Oor else to the explosion of the refractory particle

under the effect of the accumulated electrostatic charge

(Phenomenon known as dust application or "dusting")
This hypothesis,

which calls for the presence of inclusions

whose content can vary from target to target, does explain certain



-@xperwnmental | y observed phenonena, and in particular the phenonmena- of --ocal
~triggering-of an electric arc on the target, during use, which one
~soneti mes observes. Thus, in one publication, "Effect of thin film oxide
inclusions on alumnumtarget arcing and particulate,” presented in
M'nneapolis in October 1995 to the Annual Congress of the American Vacuum
_Society, A Leybovich, RS Barley, and J. Poole of Tosoh SMD Inc. indicate
that |arge particles of alum numoxide (~ > 1 my). comng from| ocal 5
surface of the target and distributed
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standardized testing providing for elimination of targets in case
of a defect level of 0.7 mm.

This phenomenon is therefore not general: it is a
"catastrophic" and destructive phenomenon, which is fortunately not
very common, and can only explain an often limited fraction of the
emissions of submicron particles observed more commonly, excépt if
the metal used to manufacture the target was particularly dirty and
in particular had large quantities of large-sized refractory
inclusions present initially in the liquid metal or generated
during the casting process, for example more than 5 mg of
refractory particles with an average size greater than 30 um/kg of
metal. '

Furthermore, this hypothesis does not explain another
experimental observation known to experts in the metallization of
integrated circuits, which is that the level of particle emission
is a function of the alloy constituting the target, aluminum-
silicon-copper alloys (for example, Al + 1% Si + 0.5% Cu) being the



-gost sensitive, followed by the alum numsilicon alloys (for exanple, A +
1% Si), and finally the alum numcopper alloys with a small copper |oad
(for exanple, Al + 0.5% Cu) being the |l east sensitive. No correlation
"bet ween the chem cal conposition of the alloy constituting the target and
its refractory inclusion content has ever been revealed, and this

rel ati onship between the nature of the alloy constituting the target and
“the level of particle emission has until now remained a nystery. The 6
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aluminum-based alloy used, as well as target precursors, and

intermediate products allowing one to obtain them in a reliable and
satisfactory manner.

Object of the invention

The invention pertains to sputtering targets for the
metallization of integrated circuits or of electronic circuits,
particularly for applications requiring a very high degree of
etching fineness, of which the active part is made of aluminum with
a very high degree of purity or of a very pure aluminum alloy,
characterized by the fact that they were selected according to a
suitable selection process, which advantageously uses a method for
testing the internal soundness of the metal, which is
nondestructive and sensitive to the internal decohesions, so that
the level of rejection of the metallized substrates because of

redeposition of solid or liquid particles is less than 5%.
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- one determines the size of the decohesions of the targets to
be tested, preferably by comparison with reference targets or with
artificial reference defects, for the purpose of calibration,

- one does a count in terms of size and number of the internal
decohesions per unit volume of said targets to be tested,

- one selects, according to a criterion based on the
distribution of the decohesions in terms of size and number, the
targets which allow one to reduce the level of rejection of the
metallized substrates, because of redeposition of solid or liquid
particles, to less than 5%.

The invention also pertains to target precursors which allow
one to obtain the targets according to the invention, as well as to
a testing process which is also sensitive to the internal
decohesions and which allows one to obtain said precursors. Said
precursors include in particular the starting billets made of very
pure aluminum or very pure aluminum alloy, directly from casting or

heat-treated, and the intermediate products such as Sections of
said billets and target blanks.




-8 The. invention in effect contributes a solution to the probl em which

~arises and 'is based on the unexpected observation that there is a
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made of very pure aluminum or of a very pure aluminum alloy, which
have been selected according to the invention, are characterized by
the fact that they preferably have a decohesion density of less
than or equal to 0.1, decohesion larger than 0.1 mm per cubic
centimeter of active metal of the target, and more preferably, less
than 0.01 decohesion per cubic centimeter of said metal.

The process for testing cathode sputtering targets according
to the invention is characterized by the fact that:

- by using a method for testing the internal soundness of the
metal which is nondestructive and sensitive to the internal

decohesions, one determines the size of the decohesions of the

targets to be tested, preferabl§ by comparison with reference
targets or artificial reference defects,
calibration,

for the purpose of

* one does a count in terms of size and number of the internal
decohesions per unit volume of said targets to be tested,



Jecohesion density of |ess than or equal to 0.1 decohesion larger than0.%1-- -

~.mm per cubic centinmeter of active netal of the target, and nore

" preferably, less than 0.01 decohesion per cubic centinmeter of said netal.

The testing nmethod is chosen fromthe nethods which allow one to determ ne

~ the size of the decohesions in very pure alumnumor in very pure alum num
all oys, such as the ultrasound nethods, the nethods based on eddy

‘currents, preferably focused, or the nethods wusing X-rays, preferably 9
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target , " amtf foréYfo PprérEpBbYyIpEssedhan 0. 01 decohesi on per cubic

centineter dcgaidimettal a preferred embodiment of the invention, the
process uses an ultrasound testing method and is characterized by
the fact that:

after having chosen an ultrasound sensor functioning at an
operating frequency greater than 5 MHz and preferably between
10 and 50 MHz, and after adjustment of the appropriate measurement
sequence indicating the amplitude of the ultrasound echo of an
artificial defect of known size, simulating a decohesion in a
target immersed in a liquid, as a function of the position of said
defect with respect to the surface of the target:

* one determines the size of-the decohesions of the targets to
be tested, by comparison with the amplitude of the ultrasound echo
obtained with the artificial defect in a given volume parameterized
by the ultrasonic inspection, ‘

* one does a count in terms of size and number of the internal
decohesions per unit volume of said targets to be tested,

* one selects the targets with a decohesion density of
preferably less than or equal to 0.1 decohesion larger than 0.1 mm

per cubic centimeter of active metal of the target, and more



-Advant:ageously, the testing nmethod uses, with a sensor or probe adjusted
~.to.the operating frequency, a suitable neasuring sequence, that is, a
transmtter which delivers a pul se whose duration is conpatible with the
.frequency of the sensor and a receiver whose sensitivity is maximumin the
. frequency band used. By attentively observing partially used targets which
have given rise to very high levels of particle em ssion, the applicant
“curiously observed that several of these targets had, on the surface 10
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By making sections of these blisters, it was proven that the
inside of these blisters was empty and that the base of them was
roughly flat and parallel to the initial surface of the target.
This base sometimes had a few oxide inclusions or precipitates of
alloy elements, but this was not a general phenomenon. In effect,
it was more frequent in the case of the alloys with small loads of
added elements (for example, Al + 0.5% Cu), but it was much less
general in the case of the more highly loaded alloys (for example,
Al + 1% Si + 0.5% Cu).

By conducting a test with high-frequency ultrasound at more
than 5 MHz on the residual metal of these targets, the presence in
this metal of flat decohesions parallel to the base surface of the
target was detected. The apparent diameter of these decohesions, as
judged in reference to the artificial defect, in this case a flat-
bottomed hole 0.1 mm in diameter, was between approximately 0.04
and 0.4 mm. The abundance of these defects was variable but was

more than one decohesion larger than 0.04 mm per cubic centimeter



‘get al .. This surprising observation of a correlation between the |evel of

‘particle emissions, the presence in the residual netal of the target of

" flat decohesions with di nensi ons between 0.04 and 0.4 nm and the

.presence, on the surface of the used target, of small Dblisters or craters
wi'th a diameter generally greater than 0.1 mm but sonetines sinply
greater than 0.04 mm constitutes the basis of the invention. The
“applicant al so observed that the rough casting product from which thell

defectigye i 0 riginally has small decohesions such as
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refractory inclusions, of equivalent size--in order of
magnitude--to these defects on targets.
Simply as an attempt at an explanation, it is possible to
consider that the mechanism leading to the abundant emission of
solid or liquid particles of submicron Oor micron size by a
defective target in the course of use could be the following.
During the transformation into target blanks by forging,
pressing, and/or rolling, arbitrarily shaped decohesions are
crushed and flattened parallel to the surface of the blank. These
decohesions, which constitute a local obstacle to evacuation of the
heat introduced in the target by impact of the ion beam intended
progressively to liberate the metal atoms constituting the active
part of the target, lead to the increasingly rapid heating of the
membrane separating the flat decohesion from the surface of the
target. This heating of the membrane, which increases in
significance as the thickness of the membrane decreases, can then

reach a point such that this membrane reaches its melting



-@f the decohesion. Several factors, such as the power transmtted to the
acttve part of the target by the ion arc, the thermal or electric

- conductivity of the alloy used, its netallurgical state, affect by nore

.than one order of magnitude the critical size of the decohesions giving
rise to nelting of the nenbrane separating the decohesion responsible for
the em ssion of particles fromthe eroded surface during use of the
‘target, that is, the critical size of the decohesions responsible forlghe
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An adgravating phenomenon could also be the following, in
reference to Figures 1 to 5 which represent successive phases of
damage to the target. During transformation heat treatments, the
hydrogen dissolved in atomic form in the metal and in a
Supersaturated state diffuses towards these decohesions and is
released there in the form of a molecular gas (whose pressure can
reach several atmospheres).

At the time of its positioning in the cathode sputtering
apparatus, the defective target therefore has flat decohesions
parallel to the surface of the target and also filled with
molecular hydrogen, according to Figure 1; these decohesions
possibly containihg high local concentrations of inclusions or
precipitates.

During cathode sputtering, the free surface of the target is
progressively eroded until the flat decohesion inside the target is

no longer separated from this surface except by a fine membrane of
metal, according to Figure 2.



-eXi sti'ng between the hydrogen contained in the decohesion and the vacuum-----...
‘predom nati-ng in the cathode sputtering chanber, this fine nenbrane rises
~and ‘during sputtering gives rise to a blister or protrusion consisting of
a fine menbrane of nmetal separated from the nmetal nass constituting the
rest of the target, according to Figure 3. It is then possible to consider
that this nmenbrane, separated fromit massive support and formng a |arge
“protrusion, becones detached in snmall solid or liquid fragnents during the

rest of the a Jfieri and_that these nenfrane fragments detached
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those whbsede IS dring AndBiERNt REEEAGEEWLrdde fragments detached from
the target_become redeposited on the substrate in the course of
metallization, according to Figure 4. These membrane fragments can
furthermore be associated with solid pafticles, such as
intermetallic particles or inclusions initially present on the
surfaces bordering the decohesion.

Finally, with continuation of the cathode sputtering, the
erosion of the surface of the target causes the progressive
disappearance of the membrane, according to Figure 5, and therefore
the defect at the origin of the emission of particles.

Several observations support these mechanism proposals:

* On the one hand, one very often observes that the deposition
of particles on the semiconductor substrate appears suddenly,
affects several consecutive subétrates, and then disappears.

This could correspond to the time necessary for the membrane,
initially several microns or tens of microns thick, to be
completely eroded and for the defect to have therefore disappeared.

* On the other hand, one observes that the alloys most

sensitive to the particle emission phenomenon are also those whose



~solidification interval (that is to say the difference between the
‘tenperature at the begi nni ng of solldlflcat|on and_the tenperature at the
end of solidification) is the grea g %F%ﬁﬁ%ﬁ“ therefore the alloys
~which are npost sensitive to the fo Echrop osities or

m croshri nkages fromcontraction a =i fication, and with
all other conditions equal otherw se=tarssolved gas content or inclusion
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modi fy the Foy a bllster to be able to form under the effect of the
internal pressure of the hydrogen contained in the flat decohesion,
it is necessary for the thickness of the metal membrane separating
the decohesion from the surface of the target in the course of
erosion, to fall below a critical value which is proportional to
the diameter of the decohesion and depends also on the internal
hydrogen pressure and on the mechanical strength of the membrane,
which is a function of the alloy and the temperature.

For decohesions of very small size (less than 0.1 mm), this
critical thickness is very small (approximately 1 to 10 um, as an
order of magnitude).

Under these conditions and'taking into account the heating of
the surface of the target under the effect of the ion bombardment,
the hydrogen present in the decohesion has the time to diffuse
through the metal toward the vacuum of the sputtering chamber
before the residual critical thickness allowing for the formation

of a blister is reached. This, furthermore, does not modify the
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keep such small decohesions, which form a thermal barrier to
evacuation of the heat introduced by.the ion beam, from being able
to bring about local melting, orthogonal to these decohesions, of
the alloy forming the active part of the target, and therefore to
the projection, on the substrate to be metallized, of redhibitory
liquid droplets.

One skilled in the art will understand that the order of
magnitude of the critical size of the defects giving rise to
emission of particles can vary as a function of the alloy
(mechanical strength of the residual membrane), the conditions of
deposition (surface temperature of the target, speed of erosion of
the surface by ion bombardment); etc., and that it is therefore
only an order of magnitude which applies to the most current alloys
and modes of deposition. In certain cases, decohesions between 0.03
and 0.1 mm could also give rise to emission of solid or liquid
particles, even in the absence of large dissolved or occluded
hydrogen contents (> 0.2 ppm) .




-particles, even in the absence of |arge dissolved or occluded hydrogen
.contents (> 0.2 ppm PART OF THIS SHEET REPLACED HAS BEEN ' 16 In order
to prevent unnecessary transformati on gfprecursors originally containing
-redhi bi tory decohesions, which parti culla#RYyoraf]s one-1Q reduce the |evel
of rejection during testing, a variant [RE E%“ﬁ%@@%n ng.to the
invention includes a test of the precursors of the ihtérnediate
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ger _than 0.04 nm per slice. The tests on |ces ‘ar
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makes stzpossitiee dezoresiidnscanfupi Be heolesohesi Pns ANG & heo RLgLARt Al liC
phases Prﬁ tated durlnﬁgsolldlilcatlon It is al so advantageous to
ein

performt %ﬁ%%ﬁ PSSumlnésSt YRL¥88on the internediate products com ng
froma firsinspaptisfulawr kihege tkstheabel hetvastigesys Whigdr iands ba
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t r ansf e MBdindd too the E&B@'sﬁ?@Hé@§t&f'fﬁk5%f¥%ég.tdﬁifﬁ%rQ%Ese tests,
one preferably selects the precursors and/or intermediate products
which have no decohesion larger than 0.1 mm and less than
10 decohesion larger than 0.04 mm per slice.

The tests on billet slices are advantageously performed after
a homogenization heat treatment, which makes it possible to avoid
confusing the decohesions and the intermetallic phases precipitated
during solidification.

It is also advantageous to perform the internal soundness
tests on the intermediate products coming from a first step of
working  of the billet slices, which tends to increase the size of
the decohesions so as to make them redhibitory. The working is
generally obtained by pressing, forging or rolling. These:
intermediate tests allow one to‘avoid unnecessarily continuing the
transformation to the final manufacturing step of the target.

During these tests, one preferably selects the precursors and/or

{Editor's note: "finishing" was changed to "working'" in this case as well
for consistency throughout the document.]



During.these tests, one preferably selects the precursors and/or (Editor+s--...
rote: "finishing" was changed to "working" in this case as well for

consi stency throughout the docunment.) 17 internediate products which have
.no decohesion larger than 0.1 nmand | ess than 10 decohesions | arger than
0.04 mm per piece. The cathode sputtering target precursors, made of very
pure alum numor of very pure alum numalloy, for the nmetallization of
“integrated circuits or of electronic circuits, therefore preferably 17
cont ai n; an 10 decohesi ons, I arger than 0.04 mm per 100 cmi. The
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| ess t han0.+1Q %Q%‘iﬁﬁdngﬁgﬂﬁfgs 'égééggluscan(r) brand apparat us, based on
| conti

liquid neta I n the casting, an Fed by neasurenent using a
Stroehlein(r) brand apparatus for extraction of the gas by nelting under a
 vacuumexaagaedson solid sanples renoved fromslices of billets adjacent to
the sanpl ed section. Using these slices adjacent to the 600-mm| ong pieces,
a test was also conducted for measuring the inclusion content, consisting

I The preferred embodiment of the process according to the
invention,is applied here to an aluminum alloy containing
1% silicon and 0.5% copper for a target, but it is obviously not
limited to this aluminum alloy alone.

Preparation of the targets

From thirteen different casting operations of the same Al + 1%
Si + 0.5% Cu alloy, the applicant removed a section of the crude
billet, with a unit length of 600 mm and a crude diameter of
137 mm. The hydrogen content of these cast products was
systematically less than 0.20 ppm and generally less than 0.10 ppm
as measured with an Alscan® brand apparatus, based on liquid metal
in the casting, and confirmed b§ measurement using a Stroehlein®
brand apparatus for extraction of the gas by melting under a vacuum
based on solid samples removed from slices of billets adjacent to
the sampled section.

Using these slices adjacent to the 600-mm-long pieces, a test

was also conducted for measuring the inclusion content, consisting



18 of dissolving the alum numalloy matrix and collecting by filtration -
the insol uble nonnetallic inclusions (filtering threshold > 2 m, which
“after drying, are weighed and then counted and neasured by scanning

:m croscopy. The thirteen sections of billets were, in a first step,
descaled on a lathe in order to elimnate the surface casting skin, and
their dianmeter was brought to 130 mm Then, these sections of billets thus
“descal ed were subjected to a conventional ultrasonic inspection at a 18
frequen e the sections t h .noecho greater
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my of ié%?é%?n%n Egl |ze %e?éﬁghtgggk:g%oduct This led to the
rejection of one section.

The sensitivity of this test adjusted to this level of
frequency by the choice of an ultrasound sensor and a conventional
measurement sequence allows one to detect equivalent defects
between 0.3 and 0.8 mm. One will preferably use the standard AIR
9051 in its variant called the helical test, which allows one to
inspect 100% of the volume of the billet because the sensor is
given a translational movement at right angles with the billet
which 1s itself given a rotational movement, whereas the basic test
according to the standard inspects only the surfaces and the three
generatrices of the billet.

This led to the rejection‘of one section which furthermore
allowed one to observe that the inclusion content measured on one
of the slices adjacent to this section exceeded 10 mg of inclusions
with a size greater than 2 um/kg of metal, whereas this content

remained lower than 5 mg of inclusions with a size greater than



2 pmkg of netal on all the slices adjacent to the twelve sections which- -
satisfied the requirements of this first ultrasound test. The twelve ,

" sections thus selected were then transformed into target blanks, according
.to the node of operation described in EP-A-0,466,617 (US 5, 160, 388)
attributed to the applicant, except that the honpgenization treatnent was
slightly adapted for this aI loy in particular. This honpgenization was
‘done in tw stages, the first stage corresponding to maintaining 510¢ % or

t f the.t t
the end o1 MGoPE e ek FE R Y P a0 s PoraCPBR] Fackity tu SEE et kg
consi st”hlﬂighoﬁahhiim%ﬁi nt ey I*Ef&ﬁ(irfememobtferthd,shf1ratonﬂéra$@1ncpetrel‘§tCt the
homogenel ty rat eflemycabecOmos! han o &gd]%%%%heﬁntrgﬂ 3RS e 11

i ndi vidual grains. After sect| oni n eac roxi ma t hi ck
into tﬁf”é@eg BLRRX 96 R FHATH Y Sépd é‘@debeC@ﬁ?FéFl@@C@¢mb€t¢laH est of

t he opEIPaAI—On%H\,eaSH CGUEIISEdl6114t388€)nta|t|’t:%|1)6u@€@0fg| BﬁetQp;%lhchrﬂét re#@éo%? of
| anmeter o

t he af at.ent to tar S Wt

appr ox?%élggp gg naatlé”i ﬁi cel?(rjlf §topa SSWh‘éti’eﬁad%‘F?ﬁl NP operist i ons
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silicon i g iLnternetal l Al 2Cu,” whose average Siz was ¢lose 3o 5 to 10
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the scale of the individual grains. After sectioning each billet
approximately 600 mm thick into three pieces 160 mm wide separated
by control sections, the rest of the operations were carried out
entirely according to the instruction of the aforementioned patent
and led to target blanks with a diameter of approximately 330 mm
and a thickness of 25 mm, after working operations including
pressing, cross rolling and a final recrystallization heat
Lreatment at a rate of three targets per piece with an initial
length of 600 mm.
One surface of each blank was then machined and polished so as
o examine the micrographic structure of the transformed products.
This examination revealed that the products contained fine
precipitates of silicon and intermetallic Al,Cu, whose average size
was close to 5 to 10 um, and that the grain size of these
recrystallized products was less than 0.1 mm and, on average, on
the order of 0.07 mm. Furthermore, the texture of these targets, as

revealed by an X-ray examination (pole figures 111 and 200), was



very perceptibly isotropic, without preferential orientations of the
grains. Al the bl anks thus produced therefore corresponded, for all these
criteria (size of the precipitates, grain size, texture of orientation of
.the grains), to all the criteria expected for satisfactory use of the
targets for netallization of integrated circuits. These blanks therefore
underwent final nmachining on a lathe to obtain disks wth a dianeter of
300 mMm and a thickness of 20 Mm wth a un|t wei ght of approxinmately 28.8
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sensor/target contact produced by a mineral grease, at a frequency
of 5 MHz, allowed one to eliminate the disks with defects
equivalent to the artificial defect consisting of a flat-bottomed
hole of 0.7 mm, according to the French standard AIR No. 9051. This
standard used preferably for rough cast products can be
advantageously replaced by standards more frequently used for
transformed products, such as AECMA-Pr EN 2003-8 and Pr EN 2004-2
or else MIL STD 2154 and Pr EN 4050-4. Six blanks out of thirty~-six
were thus rejected in this test.

Selection after high-frequency ultrasonic inspection

Before connecting the remafning disks by welding to their
copper support plate, they underwent an additional test using high-
frequency ultrasound.

This additional test consisted of immersing each machined disk
in a tank of water. Then, an ultrasound sensor or probe operating

at a frequency of 15 MHz was moved parallel to the surface of the



‘bottoned holes with a dianeter of 0.1 mm |ocated at depths of 6 Mm 12-+m—--
and 18 mm under the surface of an identical alloy with netallurgical
‘characteristics simlar to those of the product to be tested. It should be
.noted on this subject that this standard plate, which itself had an
average grain size of 0.07 nm an . isotropic orientation of the grains,
and small internetallic precipitates (on the average |less than 10 pn),
allows as well for a standardization of the sizes of defects on other2l
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per disk. This made it possible to plot the standardization curve giving

the measurement of the amplitude of the echo corresponding to an
equivalent flat-bottomed hole.

For each disk, the number of echoes eXceeding the noise level
and the amplitude of the associated signal were counted, in the
maximum active volume, as was the number of echoes exceeding the
amplitude corresponding to the artificial defect of 0.1 mm, that
is, a volume of approximately 1000 cm’ corresponding to an active
surface with a diameter of 280 mm, over a depth of 18 mm below the
surface.

The disks thus tested were separated into five categories;

Category 1: Disks with more than 1000 echoes > 0.1 mm per disk
(more than 1 echo/cm?)

Category 2: Disks with 100 to 1000 echoes > 0.1 mm per disk
(0.1-1 echo/cm’).

Category 3: Disks with 10 to 100 echoes > 0.1 mm per disk
(0.01-0.1 echo/cm®) .

Category 4: Disks with fewer than 10 echoes > 0.1 mm per disk
(less than 0.01 echo/cm?).



The .di-sks of these five categories, all in accordance with the selection-— -

criteria existing for sputtering targets, concerning the grain size, the
‘orientation texture, the size of the precipitates, and the absence of
.defects larger than 0.7 mm were then connected by welding themto their
copper supports. One then obtained: Three targets of Category 1 (nore than
1 echo/cnB of active netal) Ten targets of Category 2 (0.1-1 echo/cnB of
“active netal) Twel ve targets of Category 3 (0.01-0.1 echo/cnB of actfve

metal) Fiv of G g .4 0 ( s t.han 0. o/5C of , active
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t hese t ird-target_ was e ntil the normal end of its
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met al | iYedewdingt Rhemt he gelte hadcdmpdie supgjoetdsed because of the excessive
presence of partihehesphakges.than 0.5 m 23 O the ten targets of
Category 2, tw had to be stopped before the normal end of their lifetineg,
because of t'hél¥éfytargefaenf appreamincde Gfond dhear és eahd/ablindantctdeposit s
of partdetla@s on the substrates. The other eight gave nediocre results, on

the average mor e t han 100/3;0{, the substrates rejected after
* Ten targets of Category 2 (0.1-1 echo/cm’ of active metal)

* Twelve targets of Category 3 (0.01-0.1 echo/cm® of active
metal)

* Five targets of Category 4 or 5 (less than 0.0l echo/cm® of
active metal).

These targets were than used by a manufacturer of integrated
Ccircuits for the metallization of 8-in diameter substrates for
manufacturing 16MB DRAM memories.

Results of the comparative metallization tests

* Of the three targets of Category 1, two had to be stopped
very quickly, with extremely frequent appearance of microarcs and
abundant deposition of particles on the substrates, leading to 100%
rejection of these substrates. The third target was used until the
normal end of its lifetime, but with mediocre results: more than
20% of the substrates metallized with this target had to be
rejected because of the excessive presence of particles larger than
0.5 pum.



qretall-ization. Wth regard to the twelve targets of Category 3, none had - -
to be stopped during use, and on average, less than 5% of the netallized
substrates had to be rejected because of abundant presence of particles.
-Finally, with regard to the five targets of Categories 4 and 5, none gave
rise to problens, and the proportion of nmetallized substrates which had to
be rejected because of the abundant presence of particles was on the
"average less than 2% It was possible to note also that the measurenent3 of
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slice al ready Eci%r}itﬁi negq.? veral decohesions larger than 0.1 nm whereas the
targets whi ch ‘gave Pi's€*t0 tA82F8ak? by oftardsd St £Tc SR eEPEHRRS pf cand
whose atlj asart galviecesseoht apnelll dresy daobhesi @ispoaitgen blianet91 0dz4am t hat

i's, |e$§ﬂ5§E¥at%9_QEEQHeﬁL8”§op€£ Péjéé%ed because of the abundant
presence of particles was on the average less than 2%.

It was possible to note also that the measurements of
inclusion content made on slices adjacent to the pieces from which
the targets of Categories 3, 4, and 5 came showed a welght content
of less than 5 mg of inclusions per kilogram of metal for all these
targets. On the other hand, several of the targets, of the
preceding Categories 1 and 2, obtained also from such pieces, and
therefore with similar inclusion contents, provided confirmation
that a low inclusion content was without doubt a necessary but not,
in any case, a sufficient condition for obtaining a low level of
redeposition of the particles.

Before the destructive measurements of hydrogen content and
inclusions, using the billet slices adjacent to the sections
transformed into targets, high frequency ultrasonic tests were
performed, with a focused beam, under conditions similar to the
Cests performed on the targets. These tests showed that the targets

which gave rise to numerous defects during cathode sputtering came



Tar.get's were produced under conditions conparable to those described e —
above, but 'starting exclusively with pieces whose adjacent slices had |ess
“than 6 decohesions |arger than 0.04 mmper slice. The inspected vol une
.being 60 cnB, with a diameter of 125 mm and an inspected thickness of 5
mm the nunber of decohesions |arger than 0.04 mmis less than 10 per 100
cnB. The products obtained were characterized after honpbgeni zati on and
"reduction of thickness to a value eaual to twice the thickness of thed
final g d that. | es han 5% of _these internediate
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target, which showed that less than 5% of these intermediate
products had a number of large decohesions, that is, greater than
0.1 mm, greater than one per 100 cm’. The final targets obtained
after reduction of the thickness to the final value and after
machining were more than 90% free of decohesions larger than 0.1 mm
and contained less than 30 decohesions larger than 0.04 mm per 100
cm’. The results obtained during the depositions by cathode
sputtering with targets free of decohesions larger than 0.1 mm and
containing less than 10 decohesions larger than 0.04 mm per cm®
were excellent. Those obtained with targets free of decohesions
larger than 0.1 mm but containing more than 10 decohesions larger

than 0.04 mm per 100 cm® were cohsiderably less satisfactory.



-cubi.c .centinmeter of netal, and no defect larger than 0.7 mm on the other
hand, a second | ot of five targets containing nore than 2 decohesions wth
‘an equi val ent size greater than 0.1 nm per cubic centinmeter of netal,

W thout any of these defects exceeding an equivalent size greater than 0.7
mm The targets thus selected as a function of their density of defects
between 0.1 and 0.7 mm were used on an experinental basis, alternatelg5 in
"the sane cathode sputtering nachine, for netallizing a series of

sem congyehor, syhstrates wht, dianeter of 6 in (approximately 150 mm,
with a thlckﬁgég of the 8epo§%?%d alum numof 1 pm Each target was then

used to netallize several tens of consecutive substrates. These substrates

were then santed o Tah@.oﬁ%bﬁtginiﬁ'& £414 8148y used for etching integrated
circuits of the 16MB DRAM nenory, with an etéklng fineness of 0.35 m It

was then observed that nmore than 95% of the substrates netallized from
targets vmttUsan@e@yleWmdemStByoﬁfcgewﬁmgsiﬁwﬁteﬂfﬂdﬂﬁéﬂd@%@ Cohi AR YRLE

boncer Ao e prasiuid SPeEnEERts T dshlitid i frcrBe. SPRCCoRUR G

concerning t he présenc sen
nore t BaAC20%L6h Bh¥esubBight @sgret aif |p;Lastfvor mretaaregetsam bh.asds gh

densi txco@lftaqggﬁeegae@&b% 0S¥ :Fh]f?{% Q3L AP PUL, LS %mEtHaQ Qs M were

j udged unacceptable for this application, ‘accor he safe criteria.
B) Al urﬁfﬁa?ﬁeth’o%Sc%ﬁ%bu Wl B D505 clcswéacmnerbmsememsannap@ma@m for
met al | iszakicaadof senlconductor substrates with a high integration density,

targets were selﬁéted wer e partlall used (depth of erosion on the
order of 5 §e°BF Qan fn%r§l¥§ L 595 & V4 IteFgoRsi ERnGavRing skesD

hi gh | é\h@hso of deedepason i wittofars ddud var dritquiidepatbhebestRin thiel sHPidAt es
t hus cubic cent;meter of metal, and no defect larger than 0.7 mm

* on the other hand, a second lot of five targets containing
more than 2 decohesions with an equivalent size greater than
0.1 mm per cubic centimeter of metal, without any of these defects
exceeding an equivalent size greater thén 0.7 mm.

The targets thus selected as a function of their density of
defects between 0.1 and 0.7 mm were used on an experimental basis,
alternately, in the same cathode sputtering machine, for
metallizing a series of semiconductor substrates with a diameter of
6 in (approximately 150 mm), with a thickness of the deposited
aluminum of 1 pm. Each target was then used to metallize several
tens of consecutive substrates.

These substrates were then sorted on the basis of the criteria
used for etching integrated circuits of the 16MB DRAM memory, with
.an etching fineness of 0.35 pum.

It was then observed that more than 95% of the substrates
metallized from targets with a very low density of decohesions

larger than 0.1 mm were judged suitable for this application



metallized, these high |evels of redeposition having led to rejection of - -~
nore than 120% of these substrates. These partially used targets, in a first
step, were separated fromtheir copper support plates and then renmachined
.dry (wwth no machining lubricant) with a dianond tool, in order to
elimnate their surfaces which were possibly oxidized or contam nated.
These targets thus remachi ned were then subjected to an ultrasonic

“exam nation, first over a wide frequency band of 10-25 MHz, centered & 15

VHz, d t. defects di anet e

e, Sadcabboung,oneebe detect, and count oot detectaon b s doretey
wi t h adgrareted E@rqulﬁﬁ1 It was then observed that all these targets thus
remachi ned, rnceBhRgabEOMg8s ecliy & dargetSe %%%%Q‘EQ %Q‘gQgg&Q&“ﬁéﬁ&’

greater th n one defect of equi val ent size greater an nm per cubi ¢
centi mePEFSEF WEERI 2 RsPociens 1ty off deconesasps #erg@ﬁu ghanm |yl Wi FPug | ow

soI|d|EmaaﬂeonthmhemvaJmmom&néngﬂd@edoﬂhﬁc&%@tablbh@ofOﬂﬁléEﬂﬁbﬂf%é%ygha'ned
nor e Q% Q gcts with a ui val ent size greater than 0.1 nmm per
ReFi e

cubi c €e r of n%t%?n?ﬁ% & Each target thus inspected was then
dianetrically resawed to obtaln two semcircular half-targets. One

hal f - diggk p%iuﬁgﬁﬂﬁta ﬁéghﬁghéggh_g%%psgoC%Pge§solutlon test, for the

pur pose of dissolving t um num al I'oy nmatrfrx and quantlfylng t he
initial content of the initial target in terns of insoluble refractory

i ncl usi ons. aAlftevagst hyﬁ 91195&;515/&?&6&%3%41 hettEQl@L%BE%hVSFté‘&QP&éncﬂ@ Seted

to this ontal re than 5 ng of refractory i1 nclusions per
kllogriHﬁﬁi 'QTH% Herl HEo9r2dier ééﬁﬁhéyfr6ﬁ¥%ﬁﬁﬁlW%ﬁ%ﬂﬁehﬁﬂied
machi nedich wsnehoarwaa/llas dseEXidepth bEOBYbEianSOhi theYdiddy igxals saypl e
for made of a_blnary Al + 0.5% Cu alloy, which gave rise to high levels
of redeposition of solid or liquid particles on the substrates thus
metallized, these high levels of redeposition having led to
rejection of more than 10% of these substrates.

These partially used targets, in a first step, were separated
from their copper support plates and then remachined dry (with no
machining lubricant) with a diamond tool, in order to eliminate
their surfaces which were possibly oxidized or contaminated.

These targets thus remachined were then subjected to an
ultrasonic examination, first over a wide frequency band of
10-25 MHz, centered at 15 MHz, and allowing one to detect and count
the defects with a diameter greater than or equal to 0.4 times that
of a standard flat-bottomed hole with a diameter of 0.1 mm.

It was then observed that all these targets thus remachined,
coming from defective targets, contained a defect density greater

than one defect of equivalent size greater than 0.04 mm per cubic
centimeter of metal inspected.



.measuring the contents of these sanples in terns of dissolved or occluded
hydr ogen, using a Stroehlein(r) apparatus. It was thus observed that the
“hydrogen content of the netal comng formthe defective targets was
:greater than 0.12 ppm For the sake of conparison, after a sputtering test
of limted duration (approximtely 25% of their normal lifetine), four
netallization targets were renoved, which, during this test of signif&gant
"but limted duration, gave a very low level of rejection due to

r edeposi ti onrPiocs@riad Or ehiehds PRI Clos | L%y (AN dhteskak o6kl On) . These

partially used targets were subjecte e sane exam nations as those
corr es&tﬁ%&rﬂ&lt' CP’Héobléf-@ct‘P@%Vt%‘%éTt% Lthe fongs tewgetebsenvednedarordese

t ar get sreih exosl bemtecqsadutky arsyécsﬂwatlleeétl ¥ ZRad reafeactary bnelHei O;%d‘r
of nmetal and dissolved or occlu

contents_ of Ies n
hydr 0g & dGn &R %mSEeFegggrﬁ%Pa{ Ha{%r@c(ﬁa Dpm None of these targets had any
i nternal decdeludsitamgelcarges ihspe@udd mms amkr keypread ilcass yt BaBafe@5to

decohegj Q43 5 a%ggr kL r centimeter of nmetal thus
exani ne N i C WSS Qggﬁglllgaerra lp]? we%r23 t%han what was observed using the

"def ecti ve" * toélregé‘taéf @}SNoﬁarlb@@IEialm rivanwistip Jecped ty ef ddbksobutdbids a

nonl i mtesty exanphe, pafpbhe &xistd N Jiglss t(Pife %@hﬁ%ﬁm sPuLLentfg; fargets
com ng from.rolli n u51 ngta crude castin a rect angqu section

of al uR R GERI a BEr FeY TR e ARt g@‘*%@@’t‘éﬁetéé%&é@ ‘é@f@ﬁ of

. 15- N~|znwbﬂmaéenrefraspeDV|Imnlusmbdéhe one hand, a first lot of five
rectanaul ar agae! 5., 00baknl 08 Less e, O dredhes ke MDA cccny
def ect LA &nger t?ﬁ‘énC@nVamd otmrtdqe:mmhér riyand, rafsecoody| oncbisfdve deaf get s
contai MiNggram of alloy.

* The other half-disk coming from each target was machined in
such a way as to extract from it a solid cylindrical sample for
measuring the contents of these samples in terms of dissolved or
occluded hydrogen, using a Stroehlein® apparatus. It was thus
observed that the hydrogen content of the metal coming form the
defective targets was greater than 0.12 ppm.

For the sake of compariscon, after a sputtering test of limited
duration (approximately 25% of their normal lifetime), four
metallization targets were removed, which, during this test of
significant but limited duration, gave a very low level of
rejection due to redeposition of solid or liquid particles (less
than 1% rejection).

These partially used targets were subjected to.the same
examinations as those cbrresponding to the defective targets. It
was thus observed that these targets of excellent quality
systematically had refractory inclusion contents of less than 4 mg

per kg of metal and dissolved or occluded hydrogen contents of less



~nore than 0.5 decohesion with equival ent size greater than 0.1 nm per cubic™ -
~centineter 'of netal, wth none of these defects exceeding an equival ent

size of greater than 0.7 mm The targets thus selected as a function of

.their defect density with size between 0.1 mmand 0.7 mm were used
experinmentally, alternating in a cathode sputtering machine, in order to
netallize a series of 500 rectangul ar substrates, intended for the
“production of liquid-crystal displays with dinmensions of approxinate@f 21

X 28 cmhgsoocallgsh Norid)'oSURERS arketl Badt Qh%kﬂ%érr{%{l 89 15

al um n?%ﬁgrl Pm a(lr;dl an et crger%%l Wi gtg f 10 m {(}t erefore nuch greater than
that o " uF AT ar §&Vs & St €GFat-8GScFReni PsY° eI asdyetl angerused
to net&henze. 94 fry peonsddut icen tiukskrabesme Thesenss bet dratresi Weihg hhel s
sorted ty fothe eriteria ordinarily. used for the etching of
t hese ?§§ﬁ§?e?%$€% %%?%gﬁgf |H%ﬁﬁigﬁsaﬁﬁsﬁ533? %%b%?n YefEdtdeEd8S to the
rej ect F8RI®ESthe entire netallized substrate. It was then observed that
nore than 95% of the substrates netallized using targets with a very | ow
density of decohesions larger than 0.1 mmwere judged suitable for this
appliciiionNO%%%%ﬁ¥ﬁqu%%¥%ﬂW§sé“épi@ePPéléMnéérﬁNngOtﬁé presence or absence
of deposited particles. In contrast, nore than 15% of the substrates

nmetallized H§i§ gfﬂ?its Wi th a_high densité_of_decohesions | arger than
0.1 mm but = shal T erTHan % S# Mt SwePE Fi8geYLaRieE ek ehIE famrthosies

appl i capvorering domtiaty tomtihgsérsameotliterisinyal ugrefe thetinkent LAR
These wafh oS- aPJLAL I e .the areat econom c val ue of
t he in¥§q%ion sincéﬁﬂﬁgfﬁggég?ﬁogg ggﬁ??@é&ﬂ%lt é}é%FT%ﬁbﬂrFﬁéer than
metal | 7 zat1oh 0§ Feegcaesdaéipsul bsMir el exasomic ingpenuiibs,;: sel ected in a

sui tabl e mannet the ad@thed, WAl ¢hrdee$oRobt five rectangular targets
containing less than 0.01 decohesion with an equivalent size
greater than 0.1 mm per cubic centimeter of metal, and no defect
larger than 0.7 mm

* on the other hand, a second lot of five targets containing
more than 0.5 decohesion with equivalent size greater than
0.1 mm per cubic centimeter of metal, with none of these defects
exceeding an equivalent size of greater than 0.7 mm.

The targets thus selected as a function of their defect
density with size between 0.1 mm and 0.7 mm were used
experimentally, alternating in a cathode sputtering machine, in
order to metallize.a series of 500 rectangular substrates, intended
for the production of liquid-crystal displays with dimensions of
approximately 21 x 28 cm (so-called "14-in" screens), with a
thickness of deposited aluminum of 1 Hm and an etching width of
10 um (therefore much greater than that of the ultra-large-scale
integrated circuits). Each target was used to metallize fifty

consecutive substrates. These substrates were then sorted as



destroy said targets, it is possible to reduce the level of rejection of
.the netallized substrates due to redeposition of solid or liquid particles
to less than 5% Cdains 1. Process for testing cathode sputtering targets
.for the netallization of integrated circuits or electronic circuits, of

whi ch the active part is nmade of alumnumwi th a very high degree of
purity or of a very pure alum num alloy, characterized by the fact that by
"using a method for testing the internal soundness of 30 the netal that”is
nondestroctive afidtisensiitice 4 @ddigdter ndkadecehesel 0PShing W delgr i nes

t he si t C ions .of the.targets t be tested, - ©one perforns a
count %ﬁtgéfn£§€$§§%§§§gﬁﬁ ﬁﬁhﬁ%?qgfaF%éHOFﬁge?ﬁﬁplﬂﬁcﬁﬁé%ﬁ¥nﬁﬁ i t

vol unetBe saiectmyas the attiest edtalliard sebectateaccording to a

e . L he o gt Ty e T8 Sage CChe T oVBr BT B AT on of

nunmber ghf .t%g ets which allow one to re

the nBELrFILE sl‘ﬂfb’srtgr dtadge ise ¢alise aovergdéposfiensht pfos addabioys idmui d

part | chesget othass) tham 5ire? 5 Bgeaes 180LAERY £0: 0 Al o chgy acter i zed
|

by the . t hat e deternmines the size of the decoh ons of 't he targets
to bea{:%g’%%ﬁ&%stocgt:bpeﬁ% $Ort \FTER FEPEREREBIt hRYePEeBRNGR tIT @tiSenas alf

r ef er ederoslefettmart3d.clersacess according to either of Clains 1 and 2,

characteriz / act that one_selects the targets with a decohesion
densi L}\é I esggt'ﬁ%#%es{e’quﬁret %nﬁ.nl‘iééc8 e%ﬁSnSPQFBE?t?ﬁdP'Pt@lllﬁﬂﬁ peringubi c

centi ne¥€¥eY et e histhaldenk itreofargebhediofs otesge Moirding g, 0BG +of
d ainssﬁalxbgltngﬁamaqtgﬁﬂzggrgyjugggdfgﬁgcéggéagfg ﬂgpq%§tructive nmet hod

sensitive Rg.th% 1s application,
according to these same criteria.

Value of the invention

These various application examples demonstrate the great
economic value of the invention since, using cathode sputtering
targets for the metallization of integrated circuits or electronic
circuits, selected in a suitable manner by a method which does not
destroy said targets, it is possible to reduce the level of
rejection of the metallized substrates due to redeposition of solid
or liquid particles to less than 5%.

Claims

1

1. Process for testing cathode sputtering targets for the
metallization of integrated circuits or electronic circuits, of
which the active part is made of aluminum with a very high degree
of purity or of a very pure aluminum alloy, characterized by the
fact that by using a method for testing the internal soundness of



decohesions is chosen fromthe nmethods using ultrasound. -5. Process
~according to Caim4, characterized by the fact that after having chosen
an ultrasonic sensor functioning at an operating frequency greater than 5
- .WWHz and preferably between 10 and 50 MHz, and after adjustnent of the
appropri ate measurenent sequence indicating the anplitude of the

ul trasound echo of an artificial defect of known size, sinulating a
“decohesion in a target imrersed in a liquid, as a function of the poé@tion

of sai dndef; i r &8 Resiq S SHr e ~ et PART OF.THI S
SHEET HRS SEE%%Y%H%EQESfACEDé%%rhggﬁggdé?grﬁ?ﬁg%E?K%aégzéy%ﬁquﬁgnﬁécohesions

of thedP5PRRELCRY be tested by comparison with the anplitude of the

ul trasound ecbne obtaimateitHe tHeeablti thei abcdabeebnkNof Gl ik MU
paraneggrkéggedby the ultrasonic inspection, one perfornms a count in terns
of size and nunber of the internal decohesions per unit volune of said
targets to beorespegformore ceingctia, thomst hé appki gadi wnsbe£Q@H rHHRg a very

L ar get dforma ts, | fi oo ¢ %
"oon [RaEEenl SIS JINEREShn kg0l BRhOSHE MLIR o feaOnes O RETRLLY

ecohesion Targer than
centineter of ORIV Hetalaasiondiagt 4pgat crétepionebased cor dig to one of .

d ai nedisteibutidraracteld zedoh¥sibhs iﬁ%eﬁﬁ;@toPn@if@l&ﬁ]%L&%%ft apgets with
an .

a decogesion q§$sity | ess than 0.01 decohesion_ | arger _ “nmm per
cubi ¢ cBhTTnBtER ChRr O PeentParedrce hehe atgerl of Mirdsemedotteng to
G ai m Setzhbrzst enitmetanest heetatte dhate@dpes it F SN 0aN198gEAL I Ng
frequegﬁgtfglégma*%éyég%o%ﬂgn ﬁgnsor between 10 and 25 MHz and centered

preferably at 15 one "selétts the targets with no internal decohesions
| arger than?0.Arqpassartdoasidnghan Oldidetphelsa oacter gesd thanh @4cm per

cubi € that one determines the size of the decohesions of the targets to
be tested by comparison with reference targets or with artificial
reference defects.

3. Process according to either of Claims 1 and 2,
characterized by the fact that one selects the targets with a
decohesion density less than or equal to 0.1 decohesion larger than
0.1 mm per cubic centimeter of active metal of the target.

4. Process according to one of Claims 1 to 3, characterized by
the fact that the nondestructive method sensitive to the
decohesions is chosen from the methods using ultrasound.

5. Process according to Claim 4, characterized by the fact
that after having chosen an ultrasonic sensor functioning at an
operating frequency greater than 5 MHz and preferably between
10 and 50 MHz, and after adjustment of the appropriate measurement
sequence indicating the amplitude of the ultrasound echo of an
artificial defect of known Size, simulating a decohesion in a
target immersed in a liquid, as a function of the position of said
defect with respect to the surface of the target:



~.targer than 0.04 nm per cubic centinet

cent.ineter of active nmetal of the target. 8. A Process according'to Claim -
7, characterized by the fact that one selects the targets with no internal
decohesion larger than 0.1 mmand with fewer | ess than 0.05 decohesions

£ tiov ' he target. 9.
Process according to one of Clains 1 to 3;’;%%%?&%’%@2? B@EN fheé fact that
the nmethod sensitive to the decohesions i t hods usjng
“X-rays. 10. Process according to one of Clains 1 to 3, characterized
the fact that ohge BRERAENSENSHEI ¥€2 4 0n f hey Jegohesigns Ji éfCEHéeE é%%g%ge
nethod?ﬁyzlng Edgé currents. ' PART OF TH'S SHEET HAS BEEN =1
11. Cat¥od&SsHtt PEr FRTPEAFTRE s Flor thhemdtidiudies & sheofl FRteejind extho
ci rcui odtainebestitbntbecarcufisiadfdaieh itthe aghiwevopaht bSrimae of,oq
alumn i.t.h . ree of purity or of a very pure alum num
aIon,q%%E%%chF¥§é%ng§ pﬁggg%c%o%hat they were selected according to a
sui t abl e sel'e@PeonRepiocmssat pauntses ermetdfod ifzer aheshinget heri ther nal
soundnegseehat hge : avhd i - uctd ve .an Ltive to the
i nt er nal decohesigﬁé?ééﬁn%ﬁ%?fs%ﬁégwggxgﬂéqg%:éﬁégt?Sgsgﬁéfﬁ%qﬁ%féﬁ%ﬁ??Bd
substrates BeCREs&®6ECTFedEPbstit orPR¥l Gdliansor saquduiiogpar veTy dsigls | ess
than 5%egt2e Jargetisisg! eCi@eaccand ng A g @ii'Eh:L%’dQB@i‘i@é:fc?t{ic?eﬁ%it{é/ the
fact tﬁggstpggncontain at_no th 1 internal decohesion larger than 0.1 nm
per cubi-c ocenthnet erTot! ak?i Vet MfSAResIngG prEPErablgn P el ot et UdT
decoheskebhipererubf caceiwe mettexrl off adid wargetal . 13. Targets sel ected
according tg ebt f j nd 12, . characterized by the fact that
their dissg?&eg'ggéﬁgc?%%gggﬁ?%}%géﬁmz68h€%ﬁﬁmﬁsﬁlEgsgthﬁﬁafﬁ%ﬁ?ﬁﬁﬁﬁQng
preferéBnyﬁégstQ$ﬁ”pQﬁjﬁﬁkﬁﬁﬁs the targets with a decohesion density

less than 0.01 decohesion larger than 0.1 mm per cubic centimeter
of active metal of the target.

B—=

7. Process according to Claim 5, characterized by the fact
that after having chosen an operating frequency of the ultrasound
sensor between 10 and 25 MHz and centered preferably at 15 MHz, one
selects the targets with no internal decohesions larger than 0.1 mm
and less than 0.1 decohesion larger than 0.04 mm per cubic
centimeter of agtive metal of the target.

8. A Process according to Claim 7, characterized by the fact
that one selects the targets with no internal decohesion larger
than 0.1 mm and with fewer less than 0.05 decohesions larger than
0.04 mm per cubic centimeter of active metal of the target.

9. Process according to oné of Claims 1 to 3, characterized by
the fact that the method sensitive to the decohesions 1s chosen
from the methods using X-rays.

10. Process according to one of Claims 1 to 3, characterized
by the fact that the method sensitive to the decohesions is chosen

from the methods using eddy currents.




1" ¥4, ‘Targets selected according to one of Clains 11 to 13; " characterized - -

by the fact that their content in terns of refractory inclusions |arger
than 0.1 mMis less than 0.1 inclusions per cnB i of active nmetal and that

- stheir overall content in terns of inclusi is |l ess than
5 ng per kg of alloy. 15. Targets sel ect %%P'%§“¥6”dﬁ§58f Cainms 11
to 14, characterized by the fact that they 0 interpal decghesion

arger than 0.1 mmand | ess than 0.05 decohesion |arger than 0.04 nnr&@r
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)recurslmars 0.1 mm per cubic centimeter of active metal, and preferably
less than 0.01 decohesion per cubic centimeter of active metal.

13. Targets selected according to either of Claims 11 and 12,
characterized by the fact that their dissolved or occluded hydrogen
content is less than 0.20 ppm and preferably less than 0.10 ppm.

14. Targets selected according to one of Claims 11 to 13,
characterized by the fact that their content in terms of refractory
inclusions larger than 0.1 mm is less than 0.1 inclusions per cm’
of active metal and that their overall content in terms of
inclusions larger than 2 um is less than 5 mg per kg of alloy.

15. Targets selected according to one of Claims 11 to 14,
characterized by the fact that they have no internal decohesion
larger than 0.1 mm and less than 0.05 decohesion larger than

0.04 mm per cubic centimeter of 'active metal and that their overall

T
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content in terms of inclusions larger than 2 pym is less than 4 mg
per kg of alloy.

E 16. Targets selected according to one of Claims 11 to 15,
characterized by the fact that they were selected by the process
according to one of Claims 1 to 10.



1 vaceording to Aaim17. 20. Targets selected according to one of C ai-mg-— - -

11 to 16, ‘characterized by the fact that they were obtained from
‘internediate products selected by a suitable process using a nethod for
.testing the internal soundness of the .not destructive and
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20. Targets selected according to one of Claims 11 to 16,
characterized by the fact that they were obtained from intermediate
products selected by a suitable process using a method for testing
the internal soundness of the metal, which is not destructive and
1s sensitive to internal decohesions.

Abstract

Cathode sputtering targets with a low level of particle emission,

precursors of these targets, and processes for obtaining them

The invention pertains to cathode sputtering targets whose
active part is made of very pure aluminum or a very pure aluminum
alloy which are selected according to a suitable process and which

contain no more than 0.1 internal decohesion larger than 0.1 mm per



l-asger -than 0.04 nm per cn8.
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cm’ of active metal of the target, particularly for applications
requiring a high degree of etching fineness.

The invention also pertains to a process for ultrasonic
Cesting of the internal soundness which allows one to obtain the
targets according to the invention. In particular, this process,
after the choice of an ultrasound sensor functioning at an
operating frequency greater than 5 MHz, and preferably between
10 and 50 MHz, and adjustment of the appropriate measurement
sequence,'using a target immersed in a liquid and which has certain
artificial defects simulating the decohesions in the target,
consists of taking a count in terms of size and number of the
internal decohesions per unit volume and of selecting the targets
with a decohesion density of < 0.1 decohesion larger than 0.1 mm
per cm’ ofractive metal of the target, and preferably less than 0.1
decohesion larger than 0.04 mm per cm’ of active metal.

The invention also pertains to the precursors of the cathode
sputtering targets, containing less than 0.1 internal decohesion
larger than 0.04 mm per cm’.



