ULTRASONI C SPUTTERI NG TARGET TESTI NG METHOD Techni cal domain The invention

pertains to targets or cathodes based on alumnumw th a very high degree
=0l puUrTty, sWnT &h "are | nt ended T Or .cat hode sputterlng on-a; substratewio LTI
nanufacturlng |ntegrated Circui l” pawtlcular .as: mell ‘as to the

preEsters of~{hesedtargets of ca'hodes~ I'n-the follomnng, |
- ‘cat . *an nplon nDre par==

jﬁ'ertalns o p
- rthe. |nternel'

; i m%@ﬁﬁ]‘a‘- UR%EILI@Q/ECL or . not; Con 1Ly al

es'mhlch accept belng put under
"eXtenS|§er in. e|ECtrOﬂICS for‘fhe<coef|n_'ef se n1co_;--':
- wi fh, ahA@,_lj@g{nyxm ﬁg,g,gy and- t he .nmanuf actur ¢ 823
Thu (the.nanufacture of rntegrated crrcu__;f NN TN

-o_Whom It May Concern-* .
- ey S

'filed Decémber

Ta;get 'stlhg Method" s
was - traﬁélated from Erench 1ntb-Engllsh by a profession_l :
' ; ' ;n the French languagé

Wejcertify that the attache 5Eng115h\translation conforms : ”
e_sentially w&th the orlginalyFrench language eXcept for those e

(sm) 472—6753 |
1-800-531-9977

" '.;L::' Eax (512) 47i-4591
- B (5127 479—6703



r"' . & )
Wt h.F.hlgh | evel of integration, for exanple, DRAM nenories with a

: c ty greater than 4MB, requires the deposition of netallic

: |nterconnect|on | ayers of small thickness (approximtely 1 [err]m, which
.afe then etched to formextremely fine lines (less than 0.5 [err]min
wi*dt h) al | owi ng individual access to each menory position. One sees that
under these conditions, any defect in the netallization |ayer, whose size
is close to the width of an interconnection line, can lead to a redhibitory
defect during the etching operation of the integrated circuit, and lead to
the rejection of the integrated circuit. Anmong these defects in the
netallization |ayers, which are obtained by cathode sputtering under vacuum
using a netallic target, one of the nost frequent is the tearing of fine
particles fromthe surface of the target and redeposition of these fine

solid or liquid or dust particles o . substrate during

met al | i zati on. Théﬂ%'}”ﬁ?"g? %WEE%"&T‘&EEFS’%EE‘S‘I’;?@. cles is generally
between a few tenths of a mcron to a fewmcrons. In the case of the
earlier generations of integrated circuits, whose etching width was severa
m crons, the magjority of the particles thus redepositing on the metal l i zed
| ayer of the substrate did not cause any significant etching defects, and

t he propBechohcat demaini zed substrates rejected because of etching def ect s

for this reason could be tolerated. In contrast, in the case of the current

and future generations of ultra- Iar%? scal e |ntegrated CIYCUIH? for
exanpl e, the BRAMnvention pertains targets or cathodes based on

aluminum with a very high degree of purity, which are intended for
cathode sputtering on a substrate for manufacturing integrated

. circuits in 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 processes for the
inspection, particularly by ultrasound, of the internal soundness
of the targets and of the target precursors, as well as to the
selected targets and precursors coming from these processes.

State of the art and the problems thereof

| Cathode sputtering is a depositidn technique whose principle
is described abundantly in the ‘specialized scientific literature. |
It allows one to deposit practically all types of materials,
refractory or nonrefractory, alloyed or not, conductive or
dielectric, on all types of substrates which accept being put under
vacuum and slight heating. This deposition technique has been
applied extensively in electronics for the Coating of semiconductor
silicon wafers with an aluminum alloy and the manufacture of
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1nunwdu5 of 16MB or nore, the fineness of etching has been considerably
stresged and the width of the |ine has been brought to a few tenths of a
"mcron (currently on the order of 0.2-0.5 [err]m. 3 Under these
conditions, the very fine particles torn fromthe target and redeposited on
the sen1conductor substrate have becone a major cause for rejection of
integrated circuits, and each year, this. defect costs the worldw de 2
el ectronics industry consi derabl e sunms of noney, greater by several orders
of nmagni hndegfaaéutdﬂf:r@msts ofTHU® Mleambhndbtturéaojeistegratiedacdrondts |t
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honngenlzatlgn of the sizes of the particles below 0.1 nmaccording to _
EP- A- 0, 4B8561¥°ftS 5, 160,388). It should al so be noted that in this field,

nondest r uct i vénteséesgthet hatdder pardsec Womdiyibhe, ubhyadefect iirspdat i on

met hods %8%aif§&££§bﬂ*f%§é¥v“dﬂgéé/éyietEg close to the width of an
interconnection line, can lead to a redhibitory defect during thé
~etching operation of the integrated circuit, and lead to the
rejection of the integrated circuit.

Among these defects in the metallization layers, which are
obtained by cathode sputterlng 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 défects, 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 um).




aﬁﬁiVe%ﬁetallic | ayer of the target in conparison with a reference | ayer

‘Wi th-an equi Val ent average particle size, according to US 5,406, 850, do not
hel p explain and a fortiori limt this serious problem Various hypotheses
have been issued as to the origin of the particles redeposited on the
substrate in the course of netallization: [err] A first. hypothesis is a
two-step nmechanism [err] In a first step, a part of the netal torn atony
by atomfromthe target is deposited on the walls of the sputtering
reactor, widem thearecodidiedvhpretheCoat @i fixte i padticl e auiror fromclRhas t he
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s, it is very often sufficient to change .the
sputtering targetts %ﬁﬂﬂ}nPthBHQﬁS E:ghe ef &

nﬁhﬁ ectronics industry has a
major stakelin eliminating this defect, or at the very least,
limiting it, and is a justification for the very extensive research
and development efforts on the part of this industry for the
purpose of understanding the origin of this defect and remedying
it. | |

Thesg 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 EpP-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 regqularity 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 pieces of equipment contained in this reactor, such as the



t en$55|on (and redeposition) of particles is therefore an intrinsic
“characteristic of the target. [err] 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
nmet'al, such as inclusions of oxides, nitrides, carbides, etc., in the
metallic matrix of which the target is conposed. These refractory and 4
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t he phendrertheoffolldoulingei ggering of an electric arc on the target, during

use, which 0n%ﬂﬁﬁﬂ%%k”%ﬁsgg§gévgshigh level of emission and redeposition of
particles on several consecutive substrates, it is very often
sufficient to change the sputtering target to stop the phenomenon:
the emission (and redeposition) of particles is therefore an
intrinsic characteristic of the target.

* 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”), or 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



T§us, . En-one publication, "Effect of thin film oxide inclusions on alum num
“target arcing and particulate,” presented in Mnneapolis in Cctober 1995 to
“the Annual Congress of the Anerican Vacuum Soci ety, A Leybovich, R S.

Barl ey, and J. Poole of Tosoh SMD Inc. indicate that |arge particles of .

al um num oxide ([err] > 1 m comng fromlocal electrochem cal oxidation
of the surface of the target and distributed parallel to this surface c
cause "arcing." However, equally extensive defects can be detected by
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ConStitLﬁAdgéthidi%bqatHo@%@gkvughually extensive defects can be detected
by conventional ultrasonic inspection between 1 MHz and 3 MHz and
are not normally present in the industrial targets after
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 phenoﬁenon, 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



sipf i cof- copper alloys (for exanple, Al + 1% Si + 0.5% Cu) being the 6
“nost sensiti've, 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 | east sensitive. No correlation
between 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
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a reliabl'eand sati sfactory nmanner. bject of the invention The invention
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all oy, alloy constituting the target and the level of particle emission
has until now remained a mystery.

The applicant has therefore attempted to obtain cathode
sputtering targets for the electronics industry which are certain
to have very limited particle emission levels, regardless of the
aluninum-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%.



c¥aracterized by the fact that they were selected according to a suitable
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The process for testing cathode sputtering targets according
“to the invention is characterized in 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, 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 procesé 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.
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fhe sputtering targets for the netallization of integrated 20 circuits or
~electronic tircuits, of which the active part is made of very pure al um num
“or very pure alum num all oy, which have been sel ected according to the
invention, are characterized in that thdy AkT% i bly_hayve a decohesion
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Description of the invention

The sputtering targets for the metallization of integrated
circuits or of electronic circuits, of which the active part is
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, 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,

is Sheet Has Been Reilaced
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ofi theé*surface of the target. Description of the invention The sputtering
“targets for ‘the netallization of integrated circuits or of electronic
circuits, of which the active part is nade of very pure alum numor of a
very pure alum num all oy, -whi ch have been sel ected 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 §.1.
mm per cubic centinmeter of active netal of the target, and nore preferably,

| ess than 0.0%1 daeo@esemts;mpannﬂmuian&wtfmmteheo&pphicbtinnﬂ refua ringcass
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does a ceaid heétdEer ns of S|ze and nunber of the internal decohesions per
unit volune of sajd targets to he t

for the applligfl &bt Lﬁ?qqﬁ?eiﬁl S%%%QﬁraggFggeﬁgg%ﬁiaﬁﬂHP rtlﬁggggk he
targets poedetedmhinevttte asize of the decohesions in very pure aluminum or
in very pure aluminum alloys, such as the ultrasound methods, the
methods based on eddy currents, preferably focused, or the methods
using X-rays, preferably focused.

According to 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, simulatihg a decohesion in a
target immersed in a liquid, as a function of the position of saia
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
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decohesi-on density of less than or equal to 0.1 decohesion larger than 0.1
nm per, cubic centineter of active netal of the target, and nore preferably,
| ess than 0.01 decohesion per cubic centinmeter of said netal. The testing
met-hod is chosen fromthe methods which allow one to determ ne the size of
t he” decohesions in very pure alum numor in very pure alum num alloys, such
as the ultrasound net hods, the nmethods based on eddy currents, preferablyg
focused, or the methods using X-rays, preferably focused. According to a
pref er r edpeabaribipntlexs tihan ML ONt deBohédtop e seubise centimeteasofindaid
testing %ﬁgp and is characterized by the fact that: after having chosen
an ultras sensor functioning at an operating frequency greater than 5
MHz and pr ef eradvantagemenv.0 thed testiky, mehbdodf uees adyifdt rersensbrt he
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decohes.ompqugﬁkg,qhserved that several of these targets had, on the

surface eroded by the effect of the arc, minuscule blisters (or

bubbles) between 0.1 mm and sometimes up to 1 mm in diameter,
certain blisters also being opén with eroded edges.

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 barallel 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 aefects was variable but was
more than one decohesion larger than 0.04 mm per cubic centimeter



préferably less than or equal to 0.1 decohesion larger than 0.1 nm per
‘cubi:ccentimeter of active metal of the target, and nore 10 preferably
| ess than 0.01 decohesi on per cubic centinmeter of said netal.

Advant ageously, the testing nethod 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 thgy
frequency of the sensor and a receiver whose sensitivity is maxi mumin the
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but it W%ﬁtnggﬂekfﬁés simply greater than 0.04 mm, constitutes the basis of
the invention.

The applicant also observed that the rough'casting product
from which the defective target comes originally has small
decohesion§ such as microporosities, micro shrinkages, or else
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 or 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 iq 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



g€nerat in the case of the nore highly | oaded alloys (for exanple, A + 1%
"Si 4+70.5% Cu). By conducting a test with high-frequency ultrasound at nore
"than 5 MHz on the residual netal 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- bottonmed hole D21
nmin di aneter, was between approxinately 0.04 and 0.4 mm The abundance of
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mcro Shéfé&é&“ﬁh;ﬁQ'eﬁbﬁﬁlng use of the target, that is, the critical size
of the decohesions responsible for the redeposition of particles

could be between 0.01 mm and 1 mm, depending on the precise
conditions of operation, but is most often between 0.04 and 0.4 mm
under the usual industrial conditions.

An ajqravating 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 Fiqure 1; these decohesions
possibly containihg high local toncentrations 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.



refractory inclusions, of equivalent size--in order of magnitude--to these
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the alloy usedy EE?tﬂgﬁaﬁ$é§£Bf§“t6“63ﬂ§ider that this membrane, separated
from it massive support and forming a large protrusion, becbmes
detached in small solid or liquid fragments during the rest of the
cathodé sputtering and that these membrane 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 particles, such as
intermetallic particles or inclusions initially present on the
surfaces bordering'the decchesion. ' |

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 thefefore disappeared.

* On the other hand, one observes that the alloys most
sensitive to the particle emission phenomenon are also those whose
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this surface ¢é ne nenbrane o dbtéf accordin Flgure 2.
size, less than 0 1 mm in diameter, was detected, w ereas there are

numerous flat defects less than 0.1 mm in the residual metal of the
térget, and in particular, numerous defects greater than 0.04 mm.

This could perhaps be explained in the following way:

For a‘blister 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 c¢ritical 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



13‘ The aggravatl ng effect of the presence of occluded nol ecul ar hydrogen is’
that ‘Under the effect of the pressure difference existing between the
hydrogen contained in the decohesion and the vacuum predom nating in the
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is, less than 0.20 ppm and preferably less than 0.10 ppm, can give
rise to the formation of blisters in the course of operation, and
therefore promote a more significant emission of particles which
are then redeposited on the semiconductor substrates. This does not
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).
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of heat dntdabraddg pae uﬁmtléfbe@pmméron1be|ng able to bring about |ocal
mel ting adjacfn particular, these tests are advantageously performed on
slices of .rough cast billet adjacent to the part intended for
transformation into the target. These tests are preferably
performed on the flat surfaces of the slices. During these tests,
one preferably selects the precursors and/or intermediate products

which have no decochesion 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 préferably_selects the precursors and/or

v {Editor’s note: "finishing™ was changed to "working"” in this case as well
for consistency throughout the document.]
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Examples

The preferred embodiment of the process according to the
invention ;s 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

R atrb



cdh cause'the melting of the alloy. The decohesi on thus being enptied by
di f f-usi on of 'the hydrogen contained by it through the residual nenbrane, a
blister can no longer form because the noving force causing its formation
(the internal hydrogen pressure) disappears. This potential explanation
based on observation inplies as a consequence that only the decohesions
wWth a size greater than the critical size, on the order of 0.1 mmfor ?ﬁ
nmetal with an ordi nary hydrogen content, that is, less than 0.20 ppm an
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'

existing for this type of rough cast product. This led to the

rejection 6f 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 is 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 fhe 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



and O0: ¥ mmcould also give rise to emssion of solid or liquid particles,
even in the absence of |arge dissolved or occluded hydrogen contents (> 0.2
ppm . 16 In order to prevent unnecessary transformation of precursors
ori-gi nal Iy containing redhibitory decohesions, which particularly allows
one to reduce the level of rejection during testing, a.variant of the
process according to the invention includes a test of the precursors andgor
of the internediate products, allowing one to determne their interna
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slices are_advant ageous ﬁ%ferforned after a honogeni zati on heat treatnent,

whi ch naﬁé%oytlbdg%¥¥ﬁqy voi d confusing the decohesions and the
i ntermetal | i cTpRaSREmpGEEL pat dredvaiiidong 40l itdicf stagesp. the first stage

corresponding to maintaining 510°C for 8 h, so as to put the
constituents of the ternary eutectic appearing at the end of
solidification back in solution, followed by a second stage
consisting of maintaining 560°C for another 4 h, in order to
perfect the homogeneity of chemical composition of the product, on
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
treatment 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
to examine the micrographic structure of the transformed products.
This examination fevealed 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



It‘ls arso advant ageous to performthe internal soundness tests on the

i.nt eredi ate products comng froma first step of working* of the billet
stices, which tends to i ncrease the size of the decohesions so as to nake
them redhi bitory. The working is generally obtained by pressing, forging or
rolling. These internediate tests allow one to avoid unnecessarily
continuing the transformation to the final manufacturing step of the 2¢
target. During these tests, one preferably selects the precursors and/ or

[ Edi t or "Eempercepabdlyi hgotvasichanyabuto prafidtengialnorhestatsenssofel |
for consid nishroughout the docunent. ] 17 intermedi ate product.s which
have no deco eS|on | arger than 0.1 mmand | ess than 10 decohesi ons | arger
than 0. 04 nmiddr Gheebdankrethushpaedugrd tterenrfane gorrespondedr sfonmakl of
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i npl enerﬂaalusﬁacctbryhesenoénth@nt:amr¢étsbddmtttee:rallllidat$bnodffimqmemat ai | ed
exanpl egihengait er. Exanples The preferred enbodi ment of the process
according to the invention is applied here to an aluminumalloy containing
1% si | i con arfdegesBlapkgechesefare aundarwanst finals mabhiindsgyonos lathe to

obtain disks with a diameter of 300 mm and a thickness of 20 mn,
with a unit weight of approximately 3.8 kg, and a volume close to
‘1400 cm®. The ultrasonic inspection conducted manually by moving
the sensor parallel to the surface of the target with a
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 conneéting the remafning disks by welding to their
copper support plate, they underwent an additional test u51ng 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



I'tited to this aluminumalloy alone. Preparation of the targets From
thirteen different casting operations of the same Al + 1% Si + 0.5% Cu
al l oy, the applicant renoved a section of the crude billet, with a unit
| ength of 600 mm and a crude di aneter of 137 mnm The hydrogen content of
.these cast products was systematically |ess than 0.20 ppm and generally
| ess than 0.10 ppm as neasured with an Al scan brand apparatus, based on21
liquid metal in the casting, and confirmed by measurenent using a
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precipitates (on the average less than 10 um), allows as well for a
standardization of the sizes of defects on other aluminum alloys
‘with small loads with identical morphological characteristics.

This made it possible to plot the standardization curve giving
the measurement of the amplitude of the echo correspondlng to an
equlvalent 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 pef disk
(Less than 0.01 echo/cn®).
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i nspectf.on at a frequency of 5 MHz, so as to only use the sections with no
echo greater 'than that of an artificial defect represented by a flat bottom
[hole] with a dianmeter of 0.7 nm according to the French standard Al R No.
9051, which is the nost severe standard existing for this type of rough

cast product. This led to the rejection of one section.. The sensitivity of
this test adjusted to this |evel of frequency by the choice of an 22
ul trasound sensor and a conventional measurenent sequence allows one to

det ect equi valcatiegdefest sSDheksekraving caricy drflimations hetweenef HhAnd use

th t d_AR I I t, which all
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standard |nspects on e surfaces and the threé, eneragﬁlces of the
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one to ORser ¢Gel RB5ehBE bPCHEBEOHS qmtg@a;t ﬁm@s@r qdmap @8eeothéhecaireasted

adj acent to this section, exceeded 10 | usions wth a size greater '
than 2 [ &% Mededngs tﬁ@?‘af:o TRt & aCRRA %S&J&?ﬁotf‘ri"fs remai ned | ower than 5 ng of

i ncl usi ons Wi tohed thieheopteahed:than - 19 2 [err]m kg of metal on all the
slices adjacent fﬂ%e%h%a&%%kgeo§eegtéggiy 1 (more than 1 echo/cm® of active
' metal)

+ Ten targets of Category 2 (0.1-1 echo/cm® of acfive metal)

+ Twelve targets of Category 3 (0.01-0.1 echo/cm’ of active
metal) )

- Five targets of Category 4 or 5 (less than 0.01 echo/cm’® of
active metal).

These targets were than used by a manufacturer of integrated
circuits 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 um.



wHi‘ch*$4tisfied the requirements of this first ultrasound test. The twelve

sections thus selected were then transforned into target blanks, according
to the node of operation described in EP-A-0, 466,617 (US 5, 160, 388)
at'tributed to the applicant, except that the honbgeni zation treatnent was
slightly adapted for this alloy in particular. This honpbgeni zati on was done
in two stages, the first stage corresponding to nmaintaining 510[err]C fa3 8
h, so as to put the constituents of the ternary eutectic appearing at the
end of solidifd4 cf ithe lecktergebkubf oCatdégdtiovied tp hasiecondesshageped

consi st %ﬁre”%y ﬁh%&@ ?ﬁQ[SEr&r%EPrliﬁQ{iﬁl%ﬁ %egau'%@ gEdehe LR APT fect
t he honogenerty of chem cal conposition o e product, on the scale of the
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t he operations were C?E'eﬂ ut _entirely accordi ng t% the_jnstruction of
the af or AN EITFatBRl 4A8 PEARS §‘§$/sgté?atlﬁsaﬁlg oGt afbfBhnmet er of

appr oxi madeslal 132@tdonand a t hi ckness of 25 nm after working operations

i ncl udi ng presgi r rollj nd, a final .recr |l i zation_ heat -
treatment at a r%%g’ %F%%%Pegot ‘éﬁ%e Welvs ﬁz%%eet%qnggﬁeigﬁfy i gr PaRghadto -
600 Mm G sheppadedukingchse) aaid was dvexrageacliesedthad pdl oEhee so as to
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exam nation reveal ed that the products contalned fine preciprtates of
silicon RRESeRCEr AEt BRFEECHPFerr] Cu, whose average size was close to 5 to

10 [err]m and tfidaltiRe GLahNréhZLdOfo tHRSEFive targets of Categories 4 and
S5, none gave rise to problems, and the proportion of ﬁetallized
substratas_which had to be rejected because of the abundant
presénce 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 weight 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 alsc 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
tests performed on the targets. These tests showed that the targets
which gave rise to numerous defects during cathode sputtering came



récrystalllzed products was less than 0.1 nm and, on average, on the order
of 0.07 nm Furthernore, the texture of these targets, as reveal ed by an
X-ray exam nation (pole figures 111 and 200), was 20 very perceptibly
i sotropic, without preferential orientations of the grains. Al the blanks
t hus produced therefore corresponded, for all these criteria (size of the
precipitates, grain size, texture of orientation of the grains), to allaghe
criteria expected for satisfactory use of the targets for netallization of
i nt egr at Edomi btlléts. sé&mxnndﬂﬁﬂﬁmaltheaefmeesurmhév&dﬁadéntablﬁaehhmregdpn a
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pr oduct sadiacentss ARGMA-IRd ENs30@Bas éndeébhé%idﬁxﬂlarger than 0.04 mm per
slice. The inspected volume being 60 cm®, with a diameter of 125 mm
and an inspected thickness of 5 mm, the number of decohesions
larger than 0.04 mm is less than 10 per 100 cm®. The products
obtained were characterized after homogenization and reduction of
thlckness to a value equal to twice the thickness of the final
target, whlch 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 durlng the depOSltlonS 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 considerably less satisfactory.



or‘et's¢’ ML STD 2154 and Pr EN 4050-4. Six blanks out of thirty-six were

t hus reJected in this test. Selection after high-frequency ultrasonic

i nspection Before connecting the renaining disks by welding to their copper
support plate, they underwent an additional test using high- frequency

ul trasound. This additional test consisted of inmmersing each machi ned disk
In a tank of water. Then, an ultrasound sensor or probe-operating at a 25
frequency of 15 MHz was noved parallel to the surface of the 21 di sk
accor di ngtheraapl Ycatbomi exgpmplidss sensor was previously calibrated with
respect to artificial defects consisting of flat- bottoned holes with a
dianeter of 0.1 mm |located at depths of 6 nm 12 nmmand 18 nmm under the
surface &) anAluminimablibyogonkaining dllY widilgen 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 mm
i sotropi c ori O8iRgi 8¥istipdelgini ks, cathrdginy Q%ﬁéPﬁeFéFgFESp?%%%%ﬂt%ﬁ%%

(on the aigragentessstiny dfefLtidny andl Ilotrwua;adweht bﬁrtnessaﬁwleamﬁamon
of the siz fects o oth al um num al.l. oys wit th
Ctent | caPLEGYOHSEBoRERrEmPa s diad o Prti s Vragbeprepobhrn 1M or ¢ he
st andar dlcnatamnlngraddgtmmg ahel mé:z?smé.mm,obnehpeaﬁptmedld@ migh-he echo
correspogggageheya?ls MHz) ultrasonic inspection by immersion, and one

. selected:

* on the one hand, a first lot of five targets containing less
than 0.1 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 2 decchesions with an equivalent size greater than
0.1 mm per cubic centimeter of metal, without 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 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 um. Each targét was then used to metallize several
tens of consecutive substrates.

These substrétes were theﬁ'sorted on the basis of the criteria
used for etching integrated circuits of the 16MB DRAM memory, with
.an etching fineness of 0.35 pm. '

_ 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



eqdivarént flat-bottoned hole. For each disk, the nunber of echoes
exceedi ng thé noise level and the anplitude of the associated signal were
‘counted, in the maxi mum active vol une, as was the nunber of echoes
exceedlng the anplitude corresponding to the artificial defect of 0.1 nmm
that is, a volune of approximtely 1000 cnB correspondi.ng to an active
surface with a dianeter of 280 mm over a depth of 18 mm bel ow the surf age.
The disks thus tested were separated into five categories; Category 1:

Di sks W abcobdind hag tHde eofidesia Qohcernpry the kpxfesemcd lan absence of

echo/ cn sks with 100 to 1000 echoes > 0.1 nm per disk
(0.1-1 eﬁﬁé%gng?égﬁégéiéﬁe4%3 Disks with 10 to 100 echoes > 0.1 mm per di sk

(0.01-0. 1 echdnrcadprErast Carenprihan 20%skE Ehehspbsbrates matalddisss fsrm 1
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only indicafions between 03 and 1 nmm none of reater, than 0.1
mm per dFRRLIGRCtRAR L Dy pare ﬂP@geéaPﬁﬁﬁF?%Eab%ﬁl éﬁﬁﬁ) aLPR. t he

sel ecti oAcebrdhid at®Xtilsd i S Pritputiberi ng targets, concerning the grain
size, the orientation texture, the size of the precipitates,

B) Aluminum alloys containing 0.5% copper

After use in an apparatus for metallization of semiconductor
substrates with a high integration density, targets were selected,
which were partially used (depth of erosion on the order of 5 mm)
made of a binary 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 holé with a diameter of 0.1 mm.

It was then observed that all these targets thus remachined,
coming from defective targeté, contained a defect density greater
than one defect of equivalent size greater than 0.04 mm per cubic
centimeter of metal inspected.



and the.absence of defects larger than 0.7 nm were then connected by

wel di'ng
targets
targets
targets
targets

themto their copper supports. One then obtained: [err] Three

of Category 1 (nmore than 1 echo/cnferr] of active netal) [err] Ten
of Category 2 (0.1-1 echo/cnierr] of active metal) [err] Twel ve

of -Category 3 (0.01-0.1 echo/cnferr] of active.netal) [err] Five
of Category 4 or 5 (less than 0.01 echo/cnferr] of active netal 27

These targets were than used by a nanufacturer of integrated circuits for
the netal |'i zathooontréstn fomnetier alloyt withs af downaabidifieakirnons DRAM

menori es.,
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3° One half-disk per target was then subjected to a dlssolutlon-
test, for the purpose of dissolving the aluminum alloy matrix and
quantifying the initial content of the initial target in terms of
insoluble-refractory inclusions.

It was thus observed that all the defective targets subjected
to this test contained more than 5 mg of refractory inclusions per
kilogram of alloy. _

. Thé 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 Stroehléiﬂ@ 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 comparison, 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). A

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
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Ok'the'ten targets of Category 2, two had to be stopped before the nornal
end-of their lifetine, because of the very frequent appearance of m croarcs
and abundant deposits of particles on the substrates. The other eight gave
meédi ocre results, on the average nore than 10% of the substrates rejected
after netallization. [err] Wth regard to the twelve targets of Category 3,
none had to be stopped during use, and on average, |ess than 5% of the 28

metal |l i zed substrates had to be rejected because of abundant presence of
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wei ght con | ess than 5 ng of ificlusions per kilogramof netal for
all these targets. On the other hand, several of the targets, of the
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with sim usi'on contents, provi confirmation that a | ow inclusion
content was w thout doubt a necessary but not, in any case, a sufficient
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with a rectangular section of aluminum with a purity greater than
99.998%, one selected after 15-MHz ultrasonic inspection:

* on_the one hand, a first lot of 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 mn

* on the other hand, a second lot of fiwve 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 pum 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

)



trdnsforned into targets, high frequency ultrasonic tests were perforned,
wi'th a focused beam under conditions simlar to the tests perfornmed on the
targets. These tests showed that the targets which gave rise to nunerous
déf-ects during cathode sputtering cane 24 frombillet sections of which
at | east one adjacent slice already contai ned several decohesions |arger
than 0.1 mm whereas the targets which gave rise to the | east nunmber of 29
defects cane froqhﬁieces whose adj acent slices contained few decohesi ons
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decohesi rﬁ% ¥%Jr%cetr%¥‘n\agﬁ“t 3})&4e%1%§55rm§§?§gﬁ_.z?§es ié%re% %d vol une bei ng 60
cnferr], withlt visifgten dfser@@dnbhatdmarei bbpacfbl ofii thnenibaifralesm t he
nunmber ' I an. 0 |,S S ggﬂ, : . The
product gﬁ% %gl ne ﬁggﬁ%ﬁrggﬁgrp%gg éf?g]r:&hjéér)r&n %%r?za_t (])C% g%rgoé%%&%ﬁgon of
t hi cknesk2¥gen thanud -dqum wege: dideedhsuihrkkaeler othihamlisatisnget

whi ch shauesrdited #cThddearri%eef at Eeﬁeekﬁiﬁgrr%dé b Fe UM 1S aPadnaenyrber.

of | arge decohesions, that is, greater than nm- greater than one per
100 cni eP¢POS ATt gets obtai ned after reduction of the thickness to
the final val e entkrddtsr machivhiang 168 e£fMehe bhBstPHLes meecf1 idReD eI ingNs

| ar ger t@ngéEQ-&Eﬂh a high density of decohesions larger than 0.1 mm, but
smaller than 0.7 mm, were judged unacceptable for this application,
according to these same criteria.

Value of tne invéntion

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
R
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



and cont'ai ned | ess than 30 decohesions |arger than 0.04 ;m“ﬁ IllﬂMﬂMﬁ"lF
The -resul ts obtai ned during the depositions by cathode s

targets free of decohesions larger than 0.1 mm and contai nin§ | &ss"t hfan *10
décohesions |arger ‘than 0.04 mm per cnferr] were excellent. Those obt ai ned
with targets free of decohesions larger than 0.1 nm but containing nore
than 10 decohesions larger than 0.04 nm per 100 cnierr] were consi derabl y29

I tisfact I t |l
convan o FIESO8RYpEokoberhbLaks Py ERbEEyroaHR, Foe e, ALY B e
com ng frethdrf lergat scaeenag mpewhichnangnﬂopamdateﬂlmgtdeﬁe¢hele&d&eto

2l um UML) Qs UEERoR B nd! SR I80T RECQTIPUE! YungLeater | han 99, 999%

contai ning a I ons I con, one - frequency (15
MHz) ul trasonil& Wﬁ§p§é§ﬁoﬁbﬁ?rﬁﬁﬁeﬁ§a§nmoaﬁdtbﬁ@ §§$ee€e§he[@mb§tnmt¢&e one

hand, a heesnhetedoﬁsihgetwggesswﬁem 8i Py Lewsathep:P-dr d&&é&}ﬁ‘égf&h

an equi val ent Slﬁ reg er t .1 mm per cubic _centipeter of netal, and

no def ect2FgPgeFreRal Wmnﬂ?f%rBTdﬁﬁdtﬁBlB?hé? fRR dthis SARRMEFFBHODE fi ve

targets agabaifhggtovtRes8adr2tdecaheshesenihyhthe presMmicedr dierfeder
timeter of netal, w thout any of these defects

than 0.1 am.p gub C ceg
exceed|n8 BR égﬁ vg?ﬁﬁfc Fle greater than 0.7 mm
In contrast, more than 15% of the substrates metallized using

targets with a high density of decohesions larger than 0.1 mm, but
smaller than 0.7 mm, were judged unacceptable for this 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%. |

Clains

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



The targets thus selected as a function of their density of elmlm mnﬂt“l”m
0.1.-and 0.7 mMm were used on an experinmental basis, alternat
‘cat hode sputtering nachine, for nmetal lizing a series of sem conductor®
substrates with a dianeter of 6 in (approximately 150 mm, with a thickness
of the deposited alumnumof 1 [err]m Each target was .then used to

netal lize several tens of consecutive substrates. These substrates were30
then sorted on the basis of the criteria used for etching integrated
circuitstpé rmdieall AR DORAVNoRRESY ruative . amd esems kgl ve fendde dntersslpm It
was t hen obsgrgﬁgn}hat nore than 95% of the substrates netallized from
targets ﬁf very | ow density of decohesions larger than 0.1 mm we

j udged sui t abt eot®rdetgmuignas %@t sége of2EhgcE8raReFleRs t%s@ecr‘ﬁatrgﬁﬁ:é to
concer ni gg the-duesence or absence of deposited particles. In contrast,

nor e than 20% of the substrates taII zed fo n1targe den5|t
~of decohesi on3 P32 REFINIF @ FIR bﬂrf‘ gﬁﬂ“ﬁe? t fafso? 'Slénrmn\[?%%ra d %gl Y

unaccept ahterhal déucﬂmadrdnsc@relroumacvommagof osaild targets |ttOeb|eateB)‘.ed, :
Al um num al | oys_cont e t for

YSoSQNUE QNG O eORB Lo ! BE1HEE b s S QPR LS

metal |i zation of*&emt rates w |nt(Prat|on den5|tyf
targets desetrimbtigredyf the decohesions in terms of 51ze an

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%.

2. Process according to Claim 1, characterized by the fact
that one determines the size of the decohesions of the targets to
be tested 5y comparison with reference targets or with artificial

umber, the

reference defects.

3. Process according to eithei of Claims 1 and 2,
characterized by the fact that one selécts the targets with a
decohesion density less than or equal to 0.1 decohesion larger than
0.1 mm per cubic centimetér 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.

S. Process according to Claim 4, characterized by the fact
that after having chosen an ultrasonic sensor functioning at an
operating frequenéy 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:



hi ¢h'vere partially osion on the order of 5 M) made of a
~binary Al + 0.5% Cu 4"‘““"““’““*“‘““[ rise to high levels of redeposition
of solid or liquid particles on the substrates thus i t hese high
"I'evel s of redeposition having | ed to rej ¢ PARDAF BHiS §HERT HW!OEA) of these
substrates. These partially used targets) RERLACED| r st _step separ at ed

fromtheir copper support plates and then remachined dry (with no machi3di ng
| ubricant) with a dianond tool, in order to elimnate their surfaces which

were possibly BREJASEArBINGPNERF fde LT Hhes decoh§eionsnet TRedAHIRS Wér e

L heg S?Bbeﬁtzegdeaobflrbéﬂxﬁéﬁﬁﬁhd 'ouligxar’dn&atah%uiﬁﬁaé_sbfomé @lﬁ%&hbtﬁfcﬁ@ﬁ?ﬁcy
and o - centered af. 1. . and .al  owi.ng_one,to detect ,and cqunt

Che.dof SPEaTRpRLCh hg: o4 = phickah dansitoiRequat OFn BouiTs A e RS

st andar byf the- bbtrasemidoimspedticn,di aneter of 0.1 mm It was then observed

that all thesge r g S. I [ ' fr f | r S,

contai ned a dePégtgggﬁg%{a§ %r‘g(g'?rg? J{}ﬁ}nerg%gcgg ég'(tén% aeggll}l%/%feén? tgfetze-

gr eat er inkarnal (deapheionsirer duHtt vedemeopincaidd tasgets d&p be tested.

contrast, fok bRbSsalbl¥s\ £Hr aho ARl iclitiiord!l raBui PiggVal veSpHiyts! Y,
only twg of the _four targets contained nore than .05‘El efects wih an

1 0 d
equi val 88ETERzRE RECRERT t HLRERESS mfliSe faZghits Wahbi Aef@roRssinn gensity

I nspect @dss than or equal to 0.1 decohesion larger than 0.1 mm per cubic

centimeter of active metal of the target.

6. Process according to one of Claims 1 to 5, characterized by
the fact that one selects 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.

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 decchesions larger than 0.1 mm
and less than 0.1 decohesion larger than 0.04 mm per cubic
centimeter pf aqtive 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 aécording to oné of Claims 1 to 3, éharacterized by
the fact that the method sensitive to the decohesions is 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.
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Each“t &rget  thus insp Iﬂ WImrretrl cal | y ‘resawed to obtain two
sem circul ar half-targ Hmmill ﬂ al f-disk per target was then

subjected to a dissolutforftést® fé&r the purpose of dissolving the alum num

“alioy matrix and quantifying the initial cdrtaRNOFTHISISHBET BAS BEEN | ar get in
terms of insoluble refractory inclusions. I|{tREBRBACEDhUS .observed that all the
defective targets subjected to this test contain g of 32
refractory inclusions per kilogramof alloy. [err] The other half-disk

cpm ng from bhelCathraps spadteardhignsdrgatsuchon Uk@fmﬁiakikgﬂﬁign:0ﬁr0n1it a
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after a sputtering test of I|n1te uratlon M&?FOXIH&tel 25% of "t heir
n

br mal  TFFRETSR)2CITH Tl Bi SULFRRLE aFRERS kUSRS Buri ng
this teasétiodd sfgnitfestdnly ke Lhoeiedl dssamididss gofv echee mtynl aWikchAvels of
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dijssol ved orl®ecclaraaryp@legesdc 8rceResngs te el aim 11, characterized by

' - the fact that they contain at most 0.1 internal decohesion larger
than 0.1 mm per cubic centimeter of active metal, and preferably
less than. 0.0l 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 ym 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

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

1l6. 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.
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28 ¥hdn- 0. 07 ppm No s had any internal decohe5|ons | ar ger
't han’ 0.1 mm and thegﬂlg ‘! im IQEWﬂLOS decohesion | arger than 0.04 nm per
“cubi ¢ centimeter of d; which mas_con5|derably | ower than

"what was observed using the "defective" t’H9§R$1‘ﬁsHﬁ etERaygd al unmi num
with a purity of 4N to 6N As a nonlim ti NgREPLACED e, . ) 4ting lots of
cat hode sputtering targets comng from rolTTTO~ sty u'C““»:~»»sting bl 2Bk
wijh a rectangul ar section of ‘alumnumwth a purity greater than 99.998%
sel ect ed hTt ePrddaddrsulefy asthbdei sppeterimg farggtorfarh&hene hand, a

st | Qxﬁe@éllf[ilaet'tlo%cto@&ﬂlt@prﬁf_léﬁe&?xé&?ﬁé'5‘1‘: @lé rﬁ*&a'&l@cgltgecx%@% on

wifh an eqU| va Sl ze greate nmm per Ic centineter O net aI
no detlekve Ipagferis mage0of ARpERER WhER He ‘fﬁlﬁér hiighh dleggegeenBr bEY of

an
fiye tar&@té mapuyéﬂelm&euhhamayﬁ @Iﬂ@fm@m%ﬁ& beqngvmbaatoﬁl ze
grgater %ﬁ er cub IB net er t none of t?

def ect s éqLYe\?éfl ne F“E%r%? ‘Ej;f é&‘ﬁ%’r ¥r9arnaovf AP YFhRe? ‘éIP’g’é‘P%

IS seI&&imyiznharéahuﬁmzed bl thei fadefEhat demsy tgontiain diess bbameen 0.1
and Olg @g@aﬁ s%[oqlsse 3 er EHEHtél bx mﬁﬂ % recrk?nal n a cathode sputtering

narhlne I n-or 'ze a sefres of ngul ar substrates,
i nf ended 18. Targets selected according to one of Claims 11 to 1le,

characterized by the fact that they were obtained from precursors
selected by a suitable process using a method for testing the

e internal soundness of the metal, which is not destructive and is
sensitive to the internal decohesions.

i 19. Targets selected according to one of Claims 11 to 16,
characterized by the fact that they were obtained from precursors
according to Claim 17.

20. Targets selected according to one of Claims 11 to le,
characterized by the fact that they were obtained from intefmediate
products selected by a suitable process using a method for testing
the internal soundness of the metal, which is not destructive and
is sensitive to internal decochesions.

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

his Sheet Has Been Rep laced
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f.gr veheé-production of liquid-crystal displays wit h

‘approximately 21 x 28 cm (so-cal l.ed "14-in" screens m]mclm lllltulullass of
deposited alum numof 1 [err]mand an etching w dth A0t emr]| m (therefore
" nuch greater than that of the ultra-large-scale integrated circuits). Each
target was used to netallize fifty consecutive substrates. These substrates
were then sorted as 29 function of the criteria ordinarily used for 34e
etching of these rather large screens, in which any.local etching defect

| eads t at’hefr epettreomebdl tdl et |traargmt,abblrtédu$ab$w £or. appl i itomsn
observe - e I1ized using targets with
a very Cﬂ_« ensriqq%L th{ﬁ%ecgﬁfglgozﬁg g#é)%&t l%rg@famn wer e judged suitable
for thi s appITfG,Qatllfﬁferé'(,i@@r dilsg rertatre &9 ia @rerasimdomiud§ragenpeesence or
absence QstdeRPY# ehePaAblchss- séﬁ‘n&?é’sié Wmcﬂlﬁ%@n@%%bﬁ'ﬁn the

substrates netallized using targets wth a g?@rré'— nsi.ty of decohesions
| ar ger tq_?aﬁ?qy S| 3RFOTRdRds kRl FRR ’c‘h‘é?f‘@"inmﬁn LhdgEe . ERAS CREPEPF® f or
tEi S applfteat ithie cmcw‘edblﬁgah%lhﬁé@oxmneseﬁfsdxerﬁ#alct‘iahmﬁgoattaﬁ lnvlent I o?
These vari ou cati on exa es eno et r eat c value o
TheSs v arreat SR s e tePy S EREGE A T2 ol i sie 3B IR ORkYes T vt Lon
of intedrCateadt GOr 2Bz, s and edeustmemt 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® of active 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’.
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erreurts, selected in a suitable manner by a met hod whi ch does not destroy
‘Sai*d‘targets, it is possible to reduce-the’ | evel of rejection of the
metal’l i zed substrates due to redeposition of solid or liquid particles to

- [-ess than 5% C ains 1. Process for testing cathode sputtering targets for
the metallization of integrated circuits or electronic circuits, of which
the active part is nmade of aluminumw th a very high degree of purity &5 of
a very pure alum numalloy, characterized by the fact that by using a

met hod for testing the internal soundness of 29 function of the criteria
ordinarily used for the etching of these rather |arge screens, in which any
| ocal etching defect |eads to the rejection of the entire netallized
substrate.. It was then observed that nore than 95% of the substrate

metallized using targets with &rger t han
0.1 mm were judged suitable fo?c?ﬁpﬁéggﬁﬁﬂggibzi ZiéﬂﬁgfzgﬁhgffM%
criteria concerning the presence or absen of deposited particles. -
contrast, nore than 15% of the substr S nmetallized using targets mnth a

hi gh denS|ty of d m, but smaller than 0.7 mm
wer e judged unacckptable for thj& application, faccording to these sane
criteria. :

Figure 1

Key: 1 Internal flat decohesion

Dé cohesionCDp[ane_ interne

Figure 2

Key: 1 Internal flat decochesion



vé{UéEbf t he 4 nvention These various application exanpl es denonstrate the
great econom c value of the invention since, using cathode sputtering
targets for the netallization of integrated circuits or electronic
circuits, selected in a suitable nmanner by a nmet hod whi ch does not destroy
said targets, it is possible to reduce the |evel of rejection of the
metallized substrates due to redeposition of solid or liquid particles t3yg
less than 5% Cains 1. Process for testing cathode sputtering targets for
the netal lization of integrated circui or electronic circuits, of which
the active part is nmade of )é)?(@f\&ﬁy hi gh degree of purity or of
a very pure alunlnun1alloy cterized by the fact that by using a

nmet hod for testing the int ang with | ess than

0. 05 decohesi-ons larger th e of active netal

of the target. 9. Proc cllaimrs 1 to 8, 5
characterized in that targe}js are selected in which th$ ontent of
refractory inclusions largey than 0.1 mmis |ess than i ncl usi ons per
cnferr] of active nmetal, and the global content of incliugions |arger than-2
[err]mis less than 5 ng pen kg of all oy. '

Figure 3

Key: 1 Blisters

@OParticules arrachées

Figure 4

Key: 1 Detached particles
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lé(iﬂﬁf;' Process according to any one of clains 1 to 8, characterized in
t hat targets are selected with no internal decohesion larger than 0.1 nm
and with fewer than 0.05 decohesions | arger than 0.04 nm per cubic
centineter of 15 active netal, and for which the global content of
inclusions larger than 2 [err]mis less than 4 ng per kg of alloy. 11.
Process according to any one of clains 1 to 10, 20 characterized in thaB7
targets are selected with a dissolved or occluded hydrogen content of |ess

than 0.20 ppm and preferably-less than 0.10 ppm 12. Process accordi ng
to any one of clainms 1 to 3, haracter,ized in that the nmethod sensitive
t o decohesions is chosen fro ISPaRy ﬂDf?anj-rays. 13. Process

according to one of «clainsg 1 gk?ﬁgéﬁfaracterized in that the nethod
sensitive to-decohesions 30j1S™¢chose he et hod i ng eddy currents.
14. Process according of claims 1 and hgracterized in
that the selected targets ellected by an
appropriate process using aj35 nondestructive nethod of fegting the
i nternal soundness of the tal sensitive to internal de oﬁesions.

. i

Figure 5

Key: 1 - Disappearance of the defect
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~31 15. ° Process according to claim14, characterized in that precursors
contdin |less than 10 decohesions larger than 0.04 mm per 100 cnferr]. 5

16. . ‘Process according to one of <clains 1 and 13, characterized in
‘that the selected targets were obtained fron1|nterned|ate products sel ected
by an appropriate process using a non-desfructive method of testing the

I nternal soundness of the netal sensitive to internal 10 decohesi ons.
REPLACEMENT SHEET 15 JAN 1998 32 11. Cathode sputtering targets, for the
metal li zati on of integrated circuits or electronic circuits, of which the

active part is de_ of W th.a ve ree or of a
very pure al unfnium se{“arrfsc}%lv@hgf)a P& 91? c%[snﬁlflg‘t H&?c%%/]é"oé”él ected
according to a099|ttnﬂ(phﬁﬂlectSandpmumewssohat usé@lapﬁgthodlanr tezsitd ng
the internal Py@é@msoflﬂa%d@ett% Webehihs Bpﬂﬂéég r 6t apd-SERBId T ve

to the internal_decohesions hat. t he Iev I on of the .
netal | i zed subg}Vﬂfﬁﬁnﬁﬂiéﬁ§¥ B?r?éﬁ%BB§PW| ﬁi ' téV Frofi RS cl es
is less thah 50 m@atFargetsdsehadtedmaccntdrm@ﬁxatd]p&@dﬂd@schachcknyized

by sections of said billets and target blanks.

The -invention in effect provides a solution to the problem
which arises and is based on the unexpected observation

10 that there is a correlation between the level of.particle
emission and the number and size of defects in the residual
metal of the target which are present mainly as flat
decohesions which can be measured using a testing method
which is sensitive to these decohesions. The presence of

15 splits is sometimes associated with small blisters on the
surface of the target. |

Description of the invention
The sputtering targets for the metallization of integrated
20 circuits or electronic circuits, of which the active part
is made of very pure aluminum or very pure aluminum alloy,
which have been selected according to the invention, are
characterized in that they preferably have a decohesion
density of less than or equal to 0.1 decohesion larger than
25 0.1 mm per cubic centimeter of active target metal, and
preferably less than 0.01 decohesions per cubic centimeter
of said metal.

The process for testing cathode sputtering targets
30 according to the invention is characterized in that:

- . by using. a nondestructive method for testing the

internal soundness of the metal which is sensitive to

internal decohesions, one determines the size of the target

decohesions to be tested, preferably by comparison with

REPLACEMENT SHEET

15 JAN 1998




.t-he fact that they contain at nost 0.1 internal decohesi m?-f-m—m(—ha&ﬂ.l’
nmr per cubi c centineter of active netal; :and preferably FEPLA NT. Qir=+
decohesi on per cubic centinmeter of active nmetal. 13. Tarjgets Sel ected ;
raccording to either of Clains 11 and 12, characterized Qy fth t
their dissolved or occluded hydrogen cont¥nt is I|ess thcn 0. Zg %&é&g
preferably less than 0.10 ppm 14. Targets sel ected accqr one of
Clains 11 to 13, characterized by the fact that their cgntent in terns of’
refractory inclusions larger-than 0.1 mmis |ess than 0.1 rncl Ubluuo Saca l
cnferr] of active netal nd hat their_.overall ent.idy terns

i ncl usi ons | aréél?c? h&Re 2 f‘é?l??sfﬁqns % ts,llut%a'ﬂ“%:ﬁ?é er ‘1& or 8 8 tps.

Tar get s sel ect bdeogsr diorgaimedndyofitCitairopghi 1the Iﬁld}#ﬂi{ m@nazzed By the

0705 desohest oo s e B e g o el
i net er active neta
and that thei r15§e?‘g’ﬂ‘ G éﬁf‘ H‘Prteé‘g’rﬁ} @Bfﬂ%?%ﬁl%ﬁffulrﬁ? gBFSIMRHFE [ err] m
is less thah 4Thi)s peotémricfl axpdpnatbon Teasest onsebserwdt dowx ointligst @sone of
Gaims 11 to 13, -GhaLQdile z:ﬁgtb&fni}h%ﬂeagigcbﬂéélérmeﬁl‘ﬁﬁr3 seké leéiatl& the

process according to one of ai ns Precursors o ode
sputtering tar§ ng R "E”r"i‘é"lﬁéllalsFF?at?gnt]l'tﬁ "Irr‘f‘leégf’ﬁt 89t cPPc ’fsad?
el ectroni c cireidthsanwhpdinacy i melrogen icontente, othatl uns nlessn thama Q/-étﬁy hi gh

degree of purifi¥m and preferably less than 0.10 ppm, can give rise to the

10 formation of Dblisters during operation, and therefore
‘promote a more significant emission of particles which are
then redeposited on the semiconductor substrates. This
does not prevent such small decohesiohs, which form a
thermal barrier to evacuation of heat introduced by the ion

15 beam, from being able to bring about local melting adjacent
to these decochesions, of the alloy forming the active part
of the target, and therefore to projection, on the
substrate to be metallized, of redhibitory liquid droplets.

20 One skilled in the art will understand. that the order of
magnitude of the critical size of the defects giving rise
to particle emissions can vary as a function of the alloy
(mechanical strength of the residual membrane), the
deposition conditions (target surface temperature, speed of

25 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 deposition methods. In some
cases, decohesions between 0.03 and 0.1 mm could also give
cause emission of solid or liquid particles, even in the

30 absence of large dissolved or occluded hydrogen contents
(> 0.2 ppm) .

In order to prevent unnecessary transformation of
precursors originally containing redhibitory decohesions,

35 which particularly allows one to reduce the level of
rejection during testing, a variant of the process
according to the invention includes a test of the
precursors and/or of the intermediate products



. 0or a. very pure aluminumalloy, said precursors bei ng nad m
a very high degree of puri ty or a very-pure alumnum all gml“ﬂmgmﬂmw
by the fact that they contain | ess than 10 decohesi ons | argere t han*0. 94 Tm
*per 100 cnferr]. 18. Targets sel ected accordi ng to one of Clains 11 to 16,
characterized by the fact that they were ¥btained from precursors sel ected
by a suitable process using a nethod for testing the internal soundness of
the metal, which is not destructive and is sensitive to the internal
decohesi ons. 19 Targets selected according to one of Cains 11 to 16,

characterized the fact _.that they were_obtained from pregursor accord| ng
Lo Claimi7, JEED d8PacEEARAR T ATRPHEG LORE LREEHR SRR D04 78,
characteri zed mtdtﬂ):fcac'enthmeteme;f \wtevebtt\atpaileebff thm tatreetnedi at e

products selected by a suitable process using a nethod for testing the

I nternal soundness of the nmetal, which is not destructlve and is sensitive
to internal deohesi orBrOGRNS raIOHUPHodE ST t BRF n§Et H1GES it t FCa B ow
| evel of patticheragtesdized, ipr echatsorargdtd hase salgetesd imdwhiobeshes for

obt ai ning them,J nlg\geﬂ@vo%%@@aeewll%melsﬁ; e%pl&h%ﬁrb”? rar@r&etl%swﬂose

active part 1s ver ure al um num or ure alum num al Oy
which are sel eEra®y °ar9cd1n&|1ﬁ§1?6$ P THHPE ?fﬁ"'ﬁé’@s@eéﬁ&l WA he R a3 Ino
nore than 0.1 tohesnaloflensdlagiions! aaggert BAan 02 1 ummiperless than 5 mg

per kg of alloy.
10
10. Process according to any one of claims 1 to 8,
characterized in that targets are selected with no intermal
decohesion larger than 0.1 mm and with fewer than 0.05
decohesions larger than 0.04 mm per cubic centimeter of
15 active metal, and for which the global content of
inclusions larger than 2 pm is less than 4 mg per kg of
alloy.

1i. Process éccording to any one of claims 1 to 10,

20 characterized in that targets are selected with a dissolved
or occluded hydrogen content of less than 0.20 ppm and
preferably less than 0.10 ppm.

12. Process according to any one of claims 1 to 3,
25 characterized in that the method sensitive to decchesions
is chosen from the methods using X-rays.

13. Process according to one of claims 1 to 3,
characterized in that the method sensitive to decohesions
30 is chosen from the methods using eddy currents.

14, Process aécording to one of claims 1 and 13,
characterized in that the selected targets were obtained
from precursors selected by an appropriate process using a

35 nondestructive method of testing the internal soundness of
the metal sensitive to intermal decohesions.
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34 an of active metal of the target, particul arIy for ap
reqw ting a high degree of etching fineness. The inventi OB‘W%! j H‘HH“‘
a process for ultrasonic testing of the internal soundnes ows ®ene
"“to0 obtain the targets according to the invention. In particular, this
process, after the choice of an ultrasount sensor functioning at an
operating frequency greater than 5.MHz, and preferably between 10 and 50
MHz, and adj ustnent of the appropriate nmeasurenent sequence, using a target
imrersed in a liquid and which has certain artificial defects sinulating
t he decohesions in the_target, consists of taking a co in ter of size
and nunber of fRe int ePRAFEFRCBRESTIY pEP iafmv&%rre%éarﬁ?cé"fe *$&F8cti™g t he
targets with atdecohesicorsdessicoptain| @esdy @hiandedohdscairediangerlatgay 0. 1
nm per cnferr] gf agt| target, and preferably less than 0.1
decohesion | ar gggrmtﬁ g,gfgmg}teql l%r&l(;:nenﬁ of active netal. The invention also
pertains to the precursors of. the cat hode sputtering targets, containing
| ess than 0s1 igternal pdecebesiaeockrdiggr tchaond. ®E mlaéms criB. and 13,

characterized in that the selected targets were obtained

from intermediate products " selected by an appropriate
process using a non-destructive method of testing the
internal soundness of the metal sensitive to internal

10 decohesions.
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