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The present invention relates to an Al-Ni-rare earth
element alloy sputtering target, and more particularly, to
such an Al-Ni-rare earth element alloy sputtering target
which can ke produced favorably even when the target is to
be made large and with which it 1s possible to realize
stable sputtering which does not accompany major warp of
the target.

While the sputtering target according to the present
invention 1is applicable to an interconnection film which
forms a liquid crystal panel, an organic EL panel or the
like for use in a televisicn set, a laptop computer, a
monitor or other display, a reflection film, a recording
fiim and the like for use in the field of optical recording,
an interconnection film and the 1like 1in the field of
semiconductor devices, use of the sputtering target
according to the present invention for a ligquid crystal
panel will be described below as a typical application.

Description of the Related Art

A ligquid crystal panel of the active matrix type
includes a TFT array substrate which wuses thin film

transistors (TFTs) as switching elements and includes pixel



el ectrodes (transparent conductive filnm and interconnection portions which
may be scanning lines, signal lines and the |ike, an opposed substrate

whi ch includes a common el ectrode and is di sposed over a 5 predeterm ned

di stance facing the TFT array substrate, and a liquid crystal |ayer which

is injected between the TFT array substegte and the opposed substrate. The
signal lines in the liquid crystal panel “are sections which are

el ectrically connected with the pixel 10 electrodes, and are generally nade
of alum num all oy. However, direct contact of the alumnumalloy (film and
t he pi xel el ectrodes produces al um num oxide or the |ike, ..which is_a

i nsul ati on fraEeFTafes at th&qﬁﬁ%ﬁ?5%%tbetwé§WAQQR§%%m an&ﬁﬁﬁ%easeénghe

el ectrical resistance there, a 15 conventional solution to which_is
general |y i HeERPPOSIRPORICBI BOFFIATSf FBEFActBRY nBfal SCEUEATEs MBISEr, Ti
and W as barrier netal between the alumnumalloy and the pixel ,

el ectrodes. sionghe Wi i fd t fBer edéker yedl s RS ke URS tratCenphifdr a
sinplified producing process by neans of 20 omi ssion of such a film of

hi gh- el t i ngRpbides nedal capaondi rd@ctdemsectdrsh ofs t hélsbepad | PHes a
(alum num alloy) and the pixel electrodes (transparent conductive film,
and use ofpredekenningdf di séranpl &agsnohdhel UiThuar 82y ojubhatraéen apdoposed
for reduction of the insulation material such as 25 al um num oxi de and hence
reducti on of fthguédeatryszdl 3layer which is injected between the TFT

array substrate and the opposed substrate.
The signal lines in the 1liquid crystal panel are
sections which are electrically connected with the pixel
10 electrodes, and are generally made of aluminum alloy.
However, direct contact of the aluminum allioy (film) and
the pixel electrodes produces aluminum oxide or the like,
which is an insulation material, at the interface between
the two and increases the electrical resistance there, a
15 conventional solution to which is generally interposition
of a film of refractory metal, such as Mo, Cr, Ti and W, as
barrier metal between the aluminum alloy and the pixel
electrodes. In the meantime, the recent years have seen an
attempt for a simplified producing process by means of
20 omission of such a £film of high-melting-pcint metal and
direct connection of the signal lines {aluminum alloy) and
the pixel electrodes (transparent conductive fiim), and use
of Al-Ni alloy for example as the aluminum alloy has been
proposed for reduction ¢f the insulation material such as

25 aluminum oxide and hence reduction of the electrical



resi stance (Patent Docunent 1; JP, 2004-214606, A). Patent Docunent 1 al so
describes addition of Nd, Y, Fe or the like as the third el enent nmakes it
possi bl e to enhance the heat resisting property of the interconnection film
and inprove 5 the electrical characteristics owing to smaller crystal

grains and smaller intermetallic conpounds in the structure. Sputtering is
generally used to forma thin filmsuch as the interconnection film above.
Sputtering is a nethod according to which plasna discharge is devel oped
between a 10 substrate and a target material which serves as a film

material, gas_iopized he, plasma_di scharge i i-th, . the_target
mat eri al , tﬁaséFgﬁgcgf?¥ﬂ%epgr58FuW§P5r'élJgfeggéﬁeg?ggwghdAgdcuﬁ&%gggd as a
thin filmon the substrate gnd is advantageous.in that it achieves.

product i on B?Cﬁm?ﬂgn 1S?FPI%?BFrﬂﬁgssaﬁalggﬁBogFtﬂgn gs ﬁa?roF%@hzlﬁgrget
material unlike where a vacuum depositjon or Ahﬁ nethod. i s usgg. Tar gets
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i nclude the alum num alloy having substantially reduced. crystal grain

di aneters 2BSa8EbPEi RGOPETDAt &t uh%%ﬁrgpqg¢¥tﬁﬂﬂ156@@5?“@)}mﬁﬁpyefine
conmpounds as those described in Patent Docunent 3 (JP, 2001-214261, A),

Pat ent SDocukBft «AlgIF1apl 19983@CctArisics Pring shHowPRhaeh efEYRABLY fi ne
and smal | crystal grains _or CQHEOUHdS reduce splashing during film
deposition @hdips spdupBalheruAnterReEahpasi EPBROAREST ENMIDRI EkAESS USSR -t he 4

Sputtering is generally used to form a thin film such
as the interconnection film above. Sputtering is a method
according to which plasma discharge is developed between a

10 substrate and a target material which serves as a film
material, gas ionized by the plasma discharge collides with
the target material, the atoms cof the target material are
ejected and accumulated as a thin film on the substrate and
is advantageous in that it achieves production of a thin

15 film of the same composition as that of the target material
unlike where a vacuum deposition or AIP method is used.

Targets for production o¢f the aluminum alleoy film
which have been so far propoesed include the aluminum alleoy
having substantially reduced <¢rystal dgrain dilameters

20 according to Patent Document 2 (JP, 11-106905, 3A), very
fine compounds as those described in Patent Dccument 3 (JP,
2001-214261, A), Patent Document 4 (JP, 10-199830, A), etc.
It is shown that remarkably fine and small crystal grains
cr compounds reduce splashing during film depcsition and

25 secure the uniform composition and film thickness of the



thin resultant film By the way, while the larger size of a liquid crystal

di splay panel or the like urgently demands increase of the size of a target
for fabrication of the liquid crystal 5 display panel, manufacturing of a

| arge-si ze target still needs reduced splashing, better characteristics of
a‘thin filmto produce, and additionallﬁ, suppressed warp of the target
attributable to heating during producing 'or use. Warp of the target which
occurs during producing may 10 be warp of a plate at the stage of

mechani cal processing due to the residual stress which remains after
rolling or _stralghtening, rmal deformation during bonding to a cooling
pl at e, etc.?h%%drg?ug %%gdgigﬁhation is excessive, not only the accuracy of
t he product but fhe ﬁroductivkt 15.as .wel | deteriorate.., Meanwhil e ttgernal
def or mati on whi beeuFeYgul ﬁéeu 8% dATEEs etortat T oh Bat8ed By *Pépeat ed
heati ng and_ cooling during filmdeposition, and, such, excessive deformation
during use ThIRERY apf)?ﬁi)l g?‘n Fl‘?&t q& & o1 it 9381 Shi PR BOHR ‘?ﬁegE‘ﬁrget
with the cooling 20 plate cracks, the target locally fails to get cooled and
the sol der ¥ed®ricdl eIt Wid §8Fs PRRAEF I f Pdm %/lh% i8RV ichgCpatel The
present invention has been nade in light of the problens above, and
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sputtering target which does 5 o _
needs reduced splashing, better characteristics of a thin

film to produce, and additionally, suppressed warp of the
target attributable to heating during producing or use.
Warp of the target which occurs during producing may
10 be warp of a plate at the stage of mechanical processing
due to the residual stress which remains after rolling or
straightening, thermal deformation during bonding to a
cooling plate, etc., and if such deformation is excessive,
not only the accuracy of the product but the productivity
15 as well deteriorate. Meanwhile, thermal deformatiocn which
occurs during use includes deformation caused by repeated
heating and c¢ooling during film deposition, and such
excessive deformation during use causes a problem that a
solder material which bonds the target with the cooling
20 plate cracks, the target locally fails to get cocled and
the solder material melts and gets peeled off from the
cooling plate.
The present invention has been made in light of the
problems above, and accordingly, aims at providing an Al-

25 Ni-rare earth element alloy sputfering target which does



not acconpany maj or deformation (warp) during producing and use, and can be
produced precisely and efficiently even when the target is to be nade
large, and with which it is possible to realize stable fil mdeposition. 5
SUMVARY OF THE | NVENTI ON The target according to the present invention is an
Al -base alloy sputtering target containifhg N and one or nore rare earth

el ements, wherein there are 5.0X10'/m® or 10 nore conpounds whose aspect
ratio is 2.5 or higher and whose equival ent dianmeter is 0.2u mor |arger,
when a cross sectional surface perpendicular to the plane of the target is

oheries st MRG0 IO ANl 43 AL

the cross sectiona perpendi cul ar target is

observed at._a rmagnification_of 2000 or_higher, (a),th I Or.axis

di rection 8f°80 %ﬁ?%r Ror o1 ptfr?gu&?r?po%%%g%?{eyw n??l nefﬁgg Fahge of'b
degrees with respect_to the direction ich is paralle]l, to the plane of the
target, an&gfﬁ) e THIHEr 2 g? bﬁlﬁvﬁgbﬁﬁﬂﬂﬁﬁs ﬁﬂ%s@ltﬁuWGéFEnﬁtdféheter
exceeds 5 u n1,%3 5%0/nn2 Qr femei% Far. .i nprovenent of the heat resisting
property, PRESIPAPet8arfR1dZEnENENLE didMorehSe WiP8ment s sel ected from the
group consisting of Nd, Y and Dy. The aspect ratio in 25 this context is
(the ﬁhxinunllength) / (the length along 6

SUMMARY OF THE INVENTION
The target according to the present invention is an
Al-base alloy sputtering target containing Ni and one or
more rare earth elements, wherein there are 5.0X10%mm° or
10 more compounds whose aspect ratic is 2.5 or higher and
whose equivalent diameter is 0.2um or larger, when a cross
sectional surface perpendicular to the plane of the target
is observed at a magnification of 2000 or higher.
1t is preferable that when the cross sectional surface
15 perpendicular to the plane of the target is observed at a
magnification of 2000 or higher, (a) the major axis
direction of 80 % or more of the compounds are within the
range of £ 30 degrees with respect to the direction which
is parallel to the plane of the target, and (b) the number
20 of bulky compounds whose equivalent diameter exceeds Spum
is 500/mm® or fewer.
For improvement of the heat resisting property, the
rare earth element is one or more elements selected from
the group consisting of Nd, Y and Dy. The aspect ratio in

25 this context is (the maximum length} / (the length along



the direction orthogonal to the maxi mum | ength) of each conpound. According
to the target of the present invention, even when used as a | arge-size
sputtering target, the target 5 does not get defornmed (warp) greatly even
during rolling, bonding to a cooling plate and repeated use for film
deposition. This makes it possible to prﬁcisely produce a target of a

specified size in an easy manner. This a
cooling plate and all ows om ssion of straightening. Further,

separati on utteri from e (fe]0]

p

so attains 10 easy bonding to a

this suppresses
cracking of a solder material between a target material and a cooling
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bonding to a cooling plate and repeated use

deposition.
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for film

This makes it possible to precisely produce a target

cf a specified size in an easy manner. This also attains

10 easy bonding to a cooling plate and allows omission of

straightening. Further, this suppresses cracking of a

solder material bhetween a target material and a cooling

plate due to repeated heating and cooling during use and

prevents separation of the sputtering target

from the

15 cocling plate, which in turn secures efficient and

excellent deposition of an Al alloy interconnection and

electrode films or the like for a long time during steps of

producing a ligquid crystal display for instance.

While aiming at solving the problems associated with a

20 large-size target which warps particularly greatly, the

present invention is applicable of course also to a medium

or small target which does not warp as much as a large

target does.

25 BRIEF DESCRIPTION OF THE DRAWINGS



sputtering target; and Fig. 2 is an SEM phot ograph (taken at a magnification
5 of 2000) of a cross sectional surface of the sputtering target according
to the present invention. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT
The inventors of the present invention devoted 10 thenselves to devel opnment
of an Al-Ni-rare earth element alloy sputtering target which is used for
deposition of a wuseful an AI-Ni-rare earth elenent alloy thin film which
does not acconpany maj or deformation (warp) during producing and use, and
can be produced precisely and 15 efficiently even when the target is to be

rede Targe, and el wibobl Leke sossibleyt o voall 2o pcahlentsautbor o

As a result, vent ors na e pr I on” base I ndi ngs
that th i st f ds h in __defi i t hi t { | d
the purpose? 26 CBBdcrTbi g T e SHEEFF PRART 51T ndentor SOTERRUCERAL  t he

exi stence of coqgounds mhose_agg&ct ratio was 2.5 or higher and whose
equi val ent HANETRI" 952 BION oF'Farger which were observed in a cross
sectional surface perpendicular to the E#ﬁge of a target moulg_sugticiently
25 suppress def or it i onidf aPheEhPgato ot R oMRENEELCRELOT5 or

hi gher _as the _conpounds above are stronger than that of an Al matrix and
are bePievetf t 6088nt r$hute PP ITpEBrehBRE LofSHHeE <& r BAgtie sputtering

target according to the present invention.

DETAILED DESCRIPTION OQF THE PREFERRED EMBODIMENT
The inventors of the present invention devoted

10 themselves to development of an Al-Ni-rare earth element
alloy sputtering target which is used for deposition of a
useful an Al-Ni-rare earth element alloy thin film, which
does not accompany major deformation {warp) during
producing and use, and can be produced precisely and

15 efficiently even when the target is to be made large, and
with which it is possible to realize excellent sputtering.
As a result, the inventors made the present invention based
on the findings that the existence o0f compounds herein
defined within a target weoculd serve the purpose.

20 Describing more specifically, the inventors found that
the existence of compounds whose aspect ratio was 2.5 or
higher and whose equivalent diameter was (.2 pm or larger
which were ocbserved in a cross sectional surface
perpendicular to the plane of a target would sufficiently

25 suppress deformation of the target.



of the target, and al so because it has been confirnmed that 5 the existence
of such conpounds whi ch appear rod-shaped in a cross sectional surface of
the target in particular effectively increases the strength than the

exi stence of <circular (sphere-like) conmpounds does. Fig. 1 shows, as a
conparison, an SEM photograph (shot at three freely chosen 10 | ocations
where the thickness is from (1/4)t through (3/4)t of the thickness t of the
target) of a cross sectional structure of an Al-0.6at%\d all oy target. Wen
conpounds observed in a cross sectional surface of the target are shaped
like circles as 0 ' i g it.is di.fficul 0,15 ficieptl revent
def or mati on. Evgﬁnﬂngﬁb?ﬁg ag%é%? ra igg%f %ﬁe %b%péﬂ%dgiﬁéef.Sggr'Mﬂ?gher
if the conpounds a

e not | arge enough to certain__.extent, or_larger, .the
compounds. TP TS TR T yS L EORgeT bait GPampPey ot i e At %ngt h
of the target and, 20 wi, || not satisfactori exhibit th formati on
O evont | ve e foet fOkE Ho" Bt et el TR o e cebt et
exi stence of_sych conpounds ose aspect ratio is 2.5 or higher_ and whose
i vl omt A S B e S BB REE bk ko nen Bty Gat e R U he
"specified conmpounds”). 25 A requirenent in accordance with the present
i nventd on Fh% $HatTH I 0is SBeli 6AAPOLAAPakE1FEr FERGATUIZRI T ] Pt ane of

a target observed at a nmagnification rate of 2000X at |east or higher shows
5.0 X 104/ f2CEPSFor 8e§peenpiegsurface of the target in particular

effectively increases the strength than the existence of
circular (sphere-like) compounds does. 'Fig. 1 shows, as a
comparison, an SEM photograph (shot at three freely chosen
10 locations where the thickness is from (1/4)t through (3/4)t
cf the thickness t of the target) of a cross sectional
structure of an Al-0.6at%Nd allecy target. When compounds
observed in a cross sectional surface of the target are
shaped like circles as shown in Fig. 1, it is difficult to
15 sufficiently prevent deformation.

Even when the aspect ratic of the compounds is 2.5 or
higher, if the compounds are not large enough to a certain
extent or larger, the compounds will not sufficiently
contribute to improvement of the strength of the target and

20 will not satisfactorily exhibit the deformation preventive
effect. Noting this, the present invention requires the
existence of such compounds whose aspect ratio is 2.5 or
higher and whose equivalent diameter is 0.2 upm or larger
(hereinafter referred to as the "specified compounds").

25 A requirement in accordance with the present invention



conpounds. This is because if the nunber of the specified 5 conpounds is

|l ess than this, it is not possible to sufficiently enhance the strength of
the target and securely suppress deformation. The specified conpounds
preferably exist in the anbunt of 6.0X109/m®2 or nore, and nore preferably,
8. 0X109/ mMm® or nore. 10 The nunber of th? speci fied conpounds may be found
by observing and shooting the cross sectional surface perpendicular to the
pl ane of the target at a magnification of 2000 at | east as descri bed above
usi ng SEM equi pnrent and by analyzing the i mge of thus obtai ned SEM

phot ogr aphs. 1% Sections to observe_shoul d got includeda sg{fac | ay.er
portion of the }é‘i—" ss® s&¢%5n, Sanat8beer vt oi-of BHESE “$Eionswh I?pe t he
thickness is from(1/4)t through (3/4)t of the thickness t of th get is
Focomended L Bt (Hy & GRS R Fargdta BHA b b it a0 S0 o

pl aces 20 (preferably at three or nore |ocations) ,and an average  val ue
shoul d be @dedlefsly. or shbgBeforshasfer aneX ah? SEM pHot ofPaph IRtfERd three
freely chosen | ocations _where the thickness is from (1/4)t through (3/4)t
of the thi GaTEsSndsof tHels akyeb§carsesitnéher gsgbsectlof sy shecified

Al -2at %N - 0. 6at %940Nd al | oy target 10 which satjisfies the requirenents above.

Accor di ng tCETEAENAd i jlesfeerthaint Whare drfe nimeriis mRESHakked to

conpounds unlike in Fig. 1. The gray conpounds shaped |ike circular
sufficiently enhance the strength of the target and

securely suppress deformatien. The specified compounds
preferably exist in the amount of 6.0X10%mm® or more, and
more preferably, 8.0X10%/mm® or more.
i0 The number of the specified compounds may be found by
observing and shooting the <cross sectional surface
perpendicular to the plane of the target at a magnification
of 2000 at least as described above using SEM egquipment and
by analyzing the image of thus obtained S$SEM photographs.
15 Sections to observe should not include a surface layer
portion of the cross section, and observation of those
sections where the thickness is from (1/4)t through {(3/4)t
of the thickness t of the target is recommended. During
observation, the target should be observed at a few places
20 (preferably at three or mecre locations) and an average
value should be used.
Fig. 2 shows for reference an SEM photcgraph ({(shot at
three freely chosen locations where the thickness is from
{1/4)t through (3/4)t of the thickness t of the target) of

25 the cross section of an Al-2at%Ni-0.6at%Nd alloy target



plates in Fig. 2 do not satisfy the requirenents above and 5 are believed to
be hardly influential over inprovenent of the strength of the target. Those
conpounds shaped like circular plates should neverthel ess be reduced in
nunber down to a recommendabl e | evel, as.such conpounds when bul ky could
adversely affect filmdeposition as desctibed later. 10 It is preferable
that the major axis direction of the specified conpounds nentioned above is
oriented along the rolling direction (nanely, the direction of the plane of
the target) when observed within the cross sectional surface perpendicul ar

to the plane of the tafget ﬁ% a_15 nma nif%cat%on of 2000 o .hig@er . \When t he
speci fi ed TS 3T 55T obRE 5B GRCBFSnGPONE "pariT¥IC % ekli 6hd to t he
pl ane of the target when servEF within the cross e%%ion | surfac
berpendi culsr +o 4 heSBFAnchaf tRETEarga MU A 1T1IRAALF ST BUPAShi ng
during mechani cal 20 processing are shallow. Thjis al so suppresses abnor nal

di scharge ditii iHtT4a9- use ogh?hérﬁér@&ﬂpQﬂﬂ?ﬁwﬁﬂﬁﬂﬁ% kQleT LF ot Bf ed
yield of FPDs (flat panel displays), wunsatisfactory operation capabilities
and the |iR&RBsedd byd def eBPsPh £REISHIYN 19 meDE MR sHethFTe ab Y, it
is desirable that the major axis 11 direction of 80 %or nore of the

speci f3 ed cifpobRbseYafi 6B L& aodbouhbBElWRBSea AspaEr @R vaents of

hi gher and whose equivalent dianmeter is 0.2 u mor Iarger) are within the
the strength of the target. Those compounds shaped like

circular plates should nevertheless be reduced in number
down toc a recommendable level, as such compounds when bulky
could adversely affect film deposition as described later.

10 It is preferable that the major axis direction of the
specified compounds mentioned above is oriented along the
rolling direction ({(namely, the direction of the plane of
the target} when observed within the cross sectional
surface perpendicular to the plane of the target at a

15 magnification of 2000 or higher. When the specified
compounds are found to align along the parallel direction
to the plane of the target when observed within the cross
sectional surface perpendicular to the plane of the target,
defects attributable to pushing during mechanical

20 processing are shallow. This also suppresses abnormal
discharge during initial use of the target, and prevents a
deteriorated yield o¢f FPDs (flat panel displays),
unsatisfactory operation capabilities and the like caused
by defects in the thin film.

25 More specifically, it is desirable that the major axis



range of 30 degrees with respect to the direction which 5 is parallel to
the plane of the target. Preferably, 85 % or nore of the specified
conpounds described above satisfy the requirenment, and nore preferably, the
maj or axis direction of 90 % or nore of the specified conpounds are w.thin
the range of 30 degrees with respect to,the 10 direction which is parall el
to the plane of the target. For suppress% n of initial abnornmal discharge
during filmdeposition, it is recormended not to allow the existence of
bul ky conmpounds. While the present invention is characterized in permtting

t he exi stengce of_.the ecified co unds which_are | arge enou to a
Cortann otiGACion At e SRR Ty aIiF | e 198 oreneTaep ot P
conpounds devel op abnornal. di scharge at the stage of sputterin uring
Cnitial UsE R TIPRHIRUTIRR (HHSCE STHCEP (e SpeciT BRI Eeve ar e

hard, when the 20 specified conpounds are pushed in during machine work,
def ect s cofl@ e lsrgdudédmetfAraddi t Pod, 4 Mot oBnlpadeE) speei Hiléd idonpaainds
descri bed above but bul ky conpounds shaped like circular plates as those
shown in Fizgnae colil & 381 deoresdl wiith | rewrrehi bacéhgurdingdtiian depbsihti on.

Hence, 25 it is reconmendabl e to suppress the nunber of bul ky 12 conpounds
whose ®qui Vil ATl beret P ER€edds™s G dovdm E8rdsbe/ m’ﬁ?etfrerl%élé{r 85 %

irrespective of the shapes of the conpounds (aspect ratios). The nunber of
such bul ky or more of the specified compounds described above satisfy

the requirement, and more preferably, the major axis

direction of 90 % or more of the specified compounds are

within the range of =% 30 degrees with respect to the
10 direction which is parallel to the plane of the target.

For suppression of initial abnormal discharge during
film deposition, 1t is recommended not to allow the
existence of bulky compounds. While the present invention
is characterized 1in permitting the existence of the

15 specified compounds which are large enough to a certain
extent or larger, the excessively large size of the
specified compounds develop abnormal discharge at the stage
of sputtering during initial use of the target. Further,
since the specified compounds above are hard, when the

20 specified compounds are pushed in during machine work,
defects could Dbe produced. In addition, not only the
specified compounds described above but bulky compounds
shaped like circular plates as those shown in Fig. 2 could
also result in inconvenience during film deposition. Hence,

25 it 1s recommendable to suppress the number of bulky



conpounds shoul d be preferably reduced down to 300/mm 2 or 5 less. The

orientation of the conpounds above, the nunber of the bul ky conpounds above
and the like may be identified by observing and shooting the cross

secti onal

surface perpendicular to the plane of the target at an increased

10 magni fication of 2000 at | east as desg&ibed above using the SEM
equi pnent above and by anal yzing the i magé of thus obtained SEM

phot ographs. In this instance as well, it is recommended to observe and

shoot at plural |ocations where the thickness is from (1/4)t through (3/4)t

of the

not speci f y*APHE
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15 thickngﬂg t . of the target. Although the present invepntion does
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d whi ch il . f i i ded h
YT Srmed 81 hodst ESBVHRESVF o Blealds pritiiting Th SEE8: dance

dWBPSBr STy e it

a

with this nmethod asi | roduces a sputtering target containipg th
conpounds §ﬁ&ﬁqu§%irﬁ%%é%%ﬁe§§ﬂ?‘?ﬁventig CandfvGs p odﬁEEB tﬁPSE? is of

a uniformmaterial in mhifh an alloy elenent is dissolved or diéggrsed

evenly in ACTRIEHS sSPRE h6

utiliags spray formng may be the follow ng process. That is, a nelting
I

mat er i

10

15
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25

d25emer ¥¢ S ek, T§9UACHr GRS nig® méP
i%@%ﬁopped down froma nozzle, N2 gas for exanple is

The orientation of the compounds above, the number of
the bulky compounds above and the like may be identified by
observing and shooting the <cross sectional surface
perpendicular to the plane of the target at an increased
magnification of 2000 at least as described above using the
SEM equipment above and by analyzing the image o©f thus
obtained SEM photographs. In this instance as well, it is
recommended to observe and shoet at plural locations where
the thickness is from (1/4)t through (3/4)t of the
thickness t of the target.

Although the present invention does nct specify a
method of producing the sputtering target described above,
a producing method which utilizes spray forming is
recommended among the conventionally performed methods.
This 1is because producing in accordance with this method
easily produces a sputtering target containing the
compounds specified in the present invention and thus
produced target is of a uniform material in which an alloy
element is dissolved or dispersed evenly in Al which is the

matrix phase.

whPEh



sprayed agai nst the droplets, thereby pulverizing the 5 material, ‘and

intermedi ate material (whose concentration
% which is called a pre- formis nade while the powdery materi al

conpletely coagulate. This internediate material is then encapsul ated
degassed, pressed using an H P (Hot Isosﬁgtic 10 Pressing) nmachine, forged
into a plate-shaped material, rolled sothat the plate thickness is
approximately the sane as that of the target, annealed and then
mechanically processed. To obtain the specified conpounds above, it i
recomrendabl e to contro

I di h l.e.and th
pressure (hereinafter rBFégﬁgdhgg%%%ﬁFﬁi &%ggﬂoé%é§§%%5"}ﬂ%%ﬁfﬁgg¥g?%§ at

th for i tep f dj ust ment__of ol i d. This i
he CompouUNi SRelh ) S8 LAVERE BFBCRRE | nvARY orF are WBLC 209 0B BPAed

rolling which wll be described has been .
experi ment aﬁy%ﬂﬁqded R fhEMshAp&LZ A tﬁlé s Zes f?ﬂr t RESBPdEnpdiinds
are determned by a spray  formng condition. As f

the gas pre¥RIF¥Ed 22IHENer al F§e speBERP TSt hetnBrePE dPARBEELZEDY i §from
2.5 to 14 10 mm and the gas pressure is fromO0,3 to 1

al | oy at erfafebiabprayd fap M RESrTOREYER , MeEeTsal| hpbpeantonRePhE2pr-e8ent

| ater and . because it

or the_ nozzle di anet

invention to strictly control the

10
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is approximately from 50 to 60 %) which is called a pre-
form 1is made while the pcwdery materiazl is vyet to
conpletely coagulate. This intermediate material is then
encapsulated, degassed, pressed using an HIP (Hot Isostatic
Pressing) machine, forged intc a plate-shaped material,
rolled so that the plate thickness is approximately the
same as that of the target, annealed and then mechanically
processed.

To obtain the specified compounds above, it 1is
recommendable to control the diameter of the nozzle and the
spray g¢as pressure (hereinafter referred to as the "gas
pressure") particularly at the spray forming step for
adjustment of the cooling speed. This is because the
compounds specified in the present invention are not
cbtained by rolling which will be described later and
because it has been experimentally verified that the shapes
and the sizes of these compounds are determined by a spray
forming condition.

As for the nczzle diameter and the gas pressure,

generally speaking, the nozzle diameter (¢ ) 1is from 2.5 to

an

S

is approximately from50 to 60
is yet to

15

ecause

by

er

and

.5 MPa to obtain an Al



nozzl e dianmeter ((~ ) to 3.0 through 5.5 mm (preferably the 5 dianeter ( 0)
is from3.3 through 4.5 mm) and strictly control the gas pressure in the
range from 0.6 through 0.9 MPa (or preferably from0.65 through 0.85 MPa).
When the nozzle dianeter is smaller than 3 nm the flowrate of the nolten
Al alloy slows down and the cooling 10 eed increases relative to the flow
rate, and therefore, conpounds will not ow alnost at all in one direction
but rather stay round and conpact, which neans it will be difficult to
obtain the specified conpounds. On the contrary, when the nozzl e dianeter
is beyond 55 mm_the 15 flow rate of the_nolten | oy, . becones faster and
the 2ol i nif SRS T P TET ST ve T oF TR T1Bur? at o5 MPa COnEPEf b,
conmpounds will _become bulky. Since this will_  reduce the nunber of the
Compounds, 31 Bl 1ZbPY nPEEEFEPE BY SBEGYe THENENbUGh HRWBERE of the'S

speci fied conpounds. 20 Meanwhil e, when the %gs pressure is |lower_ than 0.6
MPa, the cO¥ISTHPRpetd sNBWETESRAL WAVERTETNSC ddditEble @ teohpolifids

wi |l becone bul ky and the nunber of the conpounds wll decrease as in the
case of thaw@kssivahgtenar g ) no2zBe dditawestgh descritbetbabberead Wiebhehe gas
pressure 25 exceeds 0.9 MPa, the cooling speed increases, conpounds 15 wl|

r emai N5 shapéicanie tkeer sphér es imndfremwid.l3 behropolssidblse mmb edai atcoapomnds

having | arge aspect ratios as in the case of the excessively small nozzle
di amet er dexdrtideld the gas pressure in the range from 0.¢& through 0.9

MPa {or preferably from 0.65 through 0.85 MPa).
When the nozzle diameter is smaller than 3 mm, the
flow rate of the molten Al alloy slows down and the cooling

10 speed increases relative to the flow rate, and therefore,
compounds will not grow almost at all in one directicn but
rather stay round and compact, which means it will be
difficult to obtain the specified compounds. Cn the
contrary, when the nozzle diameter is beyond 5.5 mm, the

15 flow rate of the molten Al alloy becomes faster and the
cooling speed slows down relative to the flow rate, and
therefore, compounds will become bkulky. Since this will
reduce the number of the compounds, it will be impossible
to secure the enocugh number of the specified compounds.

20 Meanwhile, when the gas pressure is lower than 0.6 MPa,
the cooling speed slows down, which 1s not desirable as
compounds will become bulky and the number of the compounds
will decrease as in the case o0f the excessively large
nozzle diameter described abkove. When the gas pressure

25 exceeds 0.9 MPa, the cooling speed increases, compounds



above. 5 The present invention recommends controlling the shapes and the
sizes of the conpounds dependi ng upon a spray form ng condition and
thereafter controlling the orientation of the compounds during subsequent
rolling as described above. Control of the processing rate in 10 particul ar
anmong rolling conditions is desirable as | makes it possible to arrange
the major axis direction of the specified conpounds along the direction
which is parallel to the plane of the target. As for producing of an Al
alloy target by rolling, 15 generally adopted conditions are the total
working ratjo 45 to oce55|n te ass _of 10 %
Fovever, | ol ana LB TAE T her bET GAPREr R 61 e ¢ ﬁ%ouﬁd driqshigle
desirabl e t rease the tot rocessin rate an proce53|ng rate per
pass. dur | ng PoRHT 26 TRLE T ﬁav-lﬁgs 9 cofeflr) SRS R TR et P tRees ng
rate of 60 % or higher and the, pcessi rate ass of 5 % her
are recommehéad. 1 E‘ eSERESth ? ¥he’3mtagtqal nBFéE@SS stie |d§slcdﬂl?7é?edgt han

60 % the orlentatlon of the compounds does not 25 sufficiently inprove,
which is nofPpVBferable. The total 16 processing rate is nore preferably 70
% or higher. Froma standpoint of |ess burden upon equi pnent and preventlon
of a Power prodlBEi vitrpsette tIGVRN Y esEe FIURAESS of CREXFALALNY  the

shapes and the sizes of the compounds depending upon a
spray forming condition and thereafter controlling the
orientaticon of the compcunds during subsequent rolling as
described above. Control c¢f the processing rate in
10 particular among rolling conditions 1is desirable as it
makes it possible to arrange the major axis direction of
the specified compounds along the direction which is
parallel to the plane of the target.
As for producing of an Al alloy target by rolling,
15 generally adopted conditions are the total working ratio of
45 to 85 % and the processing rate per pass of 3 to 10 %.
However, for enhancement of the orientation of the
compounds, it is desirable to increase the total processing
rate and the processing rate per pass during rolling.
20 Describing in specific details, the total processing rate
of 60 % or higher and the processing rate per pass of 5 %
or higher are recommended.
In the event that the total processing rate is lower
than 60 %, the orientation of the compounds does not

25 sufficiently improve, which is not preferable. The total



85 % in accordance with the generally required condition 5 above.
Meanwhi | e, the processing rate per pass is preferably 5 %or higher in the
present invention. |If the processing rate per pass is |lower than this, an
area around the surface |ayer portion alone gets deformed but an area near
10 the center of the plate thickness is rgrely def ormed, which rmakes it
i npossi ble to sufficiently enhance the otPentation of the specified
conpounds. The processing rate per pass is nore preferably 7 % or higher.
In the case of an Al alloy material to obtained by the 15 nmaterial by spray
form ng net hod descri bed abpve, while it bi pgﬁsgble Hﬁgﬁ%?duce ei ther by
col d rol i MFECIRIHOLEALDdI +F ngeEFnBECEREARLY udlufe A% M1HG easi TS change
during these processing, for a higher processin% rate per pass,, processing
in tenper attr@IRHGE 7T | %5 F1 BV SERe 8808 CHIPHREatd R%%V%‘t]aq’? oyt
material is effective, and therefore, hot rolling is preferable. The
recomended® hEHN§hgPrednpet bt tive fBef LoPISOrORESFdRU5H dedh eeBatENdys.
The other conditions such as those for spray formng, HP, forging, rolling
and the |ilk& nay ibe greeerdange 25thcdépt edetohdl iy odequitiicch eprddeseri bed
in JP, 9-248665, A 17 for instance). Wile the present invention is
appl i cabl e @z Al - base alloy target containing Ni and one or nore rare
earth

Meanwhile, the processing rate per pass 1s preferably

5 % or higher in the present invention. If the processing
rate per pass is lower than this, an area around the
surface layer portion alone gets deformed but an area near
10 the center of the plate thickness is rarely deformed, which
makes 1t impossible to sufficiently enhance the orientation
of the specified compcunds. The processing rate per pass
is more preferably 7 % or higher.
In the case of an Al alloy material to obtained by the
15 material by spray forming method described above, while it
is possible to produce either by cecld rolling or by hot
rolling since the structure will not easily change during
these processing, for a higher processing rate per pass,
processing 1n temperature range of low flow stress after
20 heating the Al alloy material is effective, and therefore,
hot rolling 1is preferable. The recommended heating
temperature is from 350 through 450 degrees Celsius.
The other conditions such as those for spray forming,
HIP, forging, rolling and the 1like may be generally

25 accepted conditions (which are described in JP, 9-248665, A



el ements and none of the anmount of NI and the type and the 5 anount of the
rare earth element is particularly [imted, where one plans to use the
target according to the present invention for deposition of an el ectrode
filmof a display device as that described earlier, 1 through 5 at% of N

in an Al-Ni-rare earth el enent alloy targFt is recommended for 10 reduction
of an insulation material which is produé%d at the interface between thus
deposited electrode film (alumnumalloy filn) and pi xel electrodes. The
target to which one or nore types selected fromthe group consisting of

Nd, Y and has b%en added as rare earth el ements 15 enhances the heat

resi sting propert'§-8fc§’deposited thin filmwthout fail, which is
preferable. For this effect to be felt, it is_recongende t hat the_anount
of the rare earPhiéPerfdift SPLREBURt 476G OL t+7 0BFRIZCAPIEI i hal ARN -
rare earth elenent _alloy target. 20 The present invention does not limt the
shape or thB2s§j 2éley e dedr g tsuming Mk rgtd apipe | @ BbMeL B0 REFy&ES thhavi ng
vari ous shapes such as a rectangul ar shape and a disk-|ike shape, noting
the fact thaleBenbemandonosige® fashanadirwiti chf dEeupBAdGREN§YPROGNE Adicor use
of the target 25 beconmes nore remarkable as the size of the target is

| arger > 18 &heupreséntthaveareoramiy tsd gfresflerbhl yaappriedriy airatgsl size
target which nmeasures 600 nmor |onger along one side, which in turn wll
dramati cal | yheuppress pdaels def orsmtlilon target according to the present

invention for deposition of an electrode film of a display
device as that described earlier, 1 through 5 at% of Ni in
an Al-Ni-rare earth element alloy target is recommended for

10 reduction cof an insulation material which is produced at
the 1interface between thus deposited electrode film
{aluminum alloy film) and pixel electrodes. The target to
which one or more types selected from the group consisting
of Nd, Y and Dy has been added as rare earth elements

15 enhances the heat resisting property of a deposited thin
film without fail, which is preferable. For this effect to
be felt, it is recommended that the amount of the rare
earth elements accounts for 0.1 through 3 at% in the Al-Ni-
rare earth element alloy target.

20 The present invention does not limit the shape or the
size of the target but is rather applicable to targets
having various shapes such as a rectangular shape and a
disk-like shape, noting the fact that deformation such as
warp which occurs during producing or use of the target

25 becomes more remarkable as the size of the target is larger,



and magni fy the effect of the present invention. 5 The present invention

w [ now be described nore specifically in relation to exanples. The present
i nvention however is not limted to the exanpl es bel ow but nay be

i npl enented after appropriately nodified to the extent neeting the
intentions nentioned earlier and 10 descr%ﬁed bel ow. Those nodifications al
fall within the technical scope of the iTfivent i on. Exanple 1 N2 gas was

bl own against the Al alloy materials No. 1 15 through No. 10 and No. 14

t hrough No. 16 having the conpositions shown in Table 1 during spray

form ng und t he condi.tions,provided in Table internmediate materials
(ahose donst i R asFa aphy SRE RSVt PorPE0 £6588 YorPROLES. &anBeqad ey
obt ai ned and,then encapsg[a ed and dega% ed, 20 and thereafter pressed using
an H P machfhé® FREGETWERECDf BRGEHTFHAL & él BfeOLhapBd e hatePPdl 87 61HP&d ( at
the total processing rate of 80 % the processing rate per pass of 6
through 10 95aRB e FH5H sHLt bl IGrdg atemserat (WWPRIe HD0S g gede reditdicds) so
that the plate thickness would be 25 approxi mately the sanme as that of the
final produdfd TQGPF£V9§P§)?féﬁﬁéapédtg&oeréégﬂéeén€@P§Pe§) and t hen
mechani cal | y processed, thereby obtaining Al alloy plates of 8 nmt X 600
mm X 860 nm O h8kecopdfffbhs fovespiay Wbkhi MPY hde t KeSEerdfsshr Megs n

Table 1 are as follows:
specifically 1n relation to examples. The present

invention however is not limited to the examples below but
may be implemented after appropriately modified to the
extent meeting the intentions mentioned earlier and
10 described below. Those modifications all fall within the

fechnical scope of the invention.

Example 1
N, gas was blown against the Al allcoy materials No. 1
15 through No. 10 and No. 14 threough No. 16 having the
compositions shown in Table 1 during spray forming under
the conditions provided in Table 1, intermediate materials
(whose densities were apprqximately from 50 to 60 %) were
consequently obtained and then encapsulated and degassed,
20 and thereafter pressed using an HIP machine. These were
forged into plate-shaped materials, rolled (at. the total
processing rate of 80 %, The processing rate per pass of 6
through 10 %  and the finish rolling temperature of 400
degrees Celsius} so that the plate thickness would be

25 approximately the same as that of the final products



5 Superheat: 200 degrees Celsius Over pressure: initial ... 0.003 MPa end
... 0.01 MPa For conparison, the Al alloy materials No. 11 and No. 12
havi ng the conpositions shown in Table 1 were dissolved 10 within a vacuum
i nduction nelt furnace (i.e., inside a crucible of alumna filled with Ar
gas under 100 Torr) at 750 degrees Cels?gs (superheat), poured into
(cylindrical) nold of graphite, and castéd. This was followed by forging,
rolling, annealing and nmechani cal processing as in the case 15 of producing
by the spray form ng nethod described above, thereby obtaining A alloy

pl ates of the above size,  As, for 13 jin Tahle fter A ppwer, Al-Nd
powder and ﬁ:far%eo er \A@P@eﬁilfgd, %On‘igtegrréee\%as #gb?%gesggépanéhen
pressed, and thereafter forged, rolled, anneal ed. and 20 mechani ca

Pt ccessed. UL Dbl RERGEARCAr ARFiRl dBes b i herhnGUa o sor=Her oss
sectional surface of each Al alloy plate thus obtained was observed with a
n cr oscope &hd t ﬁuﬁbe?ogfmmsﬁécﬁgpeamconﬁ&mﬁﬁs%@ﬁg%ﬁﬁﬂﬁ%dfokb?ﬁray
specifically, using 25 FE-SEM (Quanta 200 FEG _a field em ssjon type
scanni ng 20F@TRRT ol 3R criRTdpePemui 3Et 17 etPBye Phi T8 p3 ToLhaes  t he
conditions of the magnification of 2000 and the accelerating voltage of 5
kV, freely chosen thrdgggedtons whe?elehecehiekhessswas from (1/4)t

through (3/4)t within a
Over pressure: initial ... 0.003 MPa

end ... 0.01 MPa
For comparison, the Al alloy materials No. 11 and No.
12 having the compositicns shown in Table 1 were dissolved
10 within a wvacuum induction melt furnace (i.e., inside a
crucikble of alumina filled with Ar gas under 100 Torr} at
750 degrees Celsius (superheat), poured into (cylindrical)
mold of graphite, and casted. This was followed by fcrging,
rolling, annealing and mechanical processing as in the case
15 of producing by the spray forming method described above,
thereby obtaining Al allcy plates of the above size. As
for No. 13 in Tabkle 1, after Al power, Al-Nd powder and Ni
powder were mixed, the mixture was HIP-processed and
pressed, and thereafter forged, rolled, annealed and
20 mechanically processed, thereby obtaining an Al alloy plate
of the above size.
A cross secticnal surface of each Al alloy plate thus
obtained was observed with a microscope and the number of
specified compounds was counted. More specifically, using

25 FE-SEM (Quanta 200 FEG, a field emission type scanning



5 cross sectional surface perpendicular to the plane of each Al alloy plate
wer e observed (each in the visual field of about 50 y m X about 60 y m
thus taking reflected electronic imges. Using the WnROOF i nage anal ysi s
software (manufactured by M TANI CORPORATION), inmage 10 anal ysis of the
digiti zed SEM phot ogr aphs was perforned, the nunber of conpounds whose
aspect ratio was 2.5 or higher and mhos@ equi val ent dianeter was 0.2 y mor
| arger was counted, and an average value of the three V|sual fields in
total was cal cul ated and converted into a count is per I . I'n addition,
after holding each Al allo plate on_a _hot plate o] ZSO degr

Cel <1 us- 1 or SLRELFBr mithe Sbe i MEE FrUae b PBa L L FHPS vl IO L Shed by
eval uati on according to which the amount of warp of 2 nm or Iess meant 20
suppr essed 8%$%%Fé@?%n (©H |, Sfer eHRIPRE LERGERD of°§arb20%@erfﬁﬁ%1n§§ﬁt
significant warp ( X The Table 1 shows the results. 21 Table 1

No. Conposi t AeaPtBERE5SHr 891 Fae R A§ARDERt 6FPaLE NEPREBCSREREI 6RCEYPOTED*
Nozzl eGas(nunber/ m®2) Di amet er Pressure (nn)gNP ) _
1A1- 2at %\ - SpeE§3thBo. Bhiokpess was from (1/4)t through (3/4)t within a

5 cross sectional surface perpendicular to the plane of each
Al alloy plate were observed (each in the visual field of

about 50 py m X about 60 g m), thus taking reflected

electronic images. Using the WinROOF image analysis
software {(manufactured by MITANI CORPCORATION), image
10 analysis of the digitized SEM photographs was performed,

the number of compounds whose aspect ratio was 2.5 .or

higher and whose equivalent diameter was 0.2 uym or larger

was counted, and an average value of the three visual

fields in total was calculated and converted into a count
15 per 1 mm?®.

In addition, after holding each Al alloy plate on a
hot plate heated to 250 degrees Celsius for one hour, the
maximum warp was measured. This was followed by evaluation
according to which the amount of warp ¢f 2 mm or less meant

20 suppressed deformation (O ), whereas the amount of warp

over 2mm meant significant warp {(X). The Table 1 shows

the results.



| at 9NdFor m ng,

2A1- 2at 9N - Spray3. 50. 81080000 | at %rFor m ng

3Al- 2at %N - Spray3. 50. 81070000 | at %DyFor mi ng 4Al - 2at %\i - Spray3. 50. 8610000
0. 4at ¥%\NdFor mi ng 5A1- 3at %N - Spr ay3. 50. 8580000 0. 5at ¥NdFor mi ng
6Al- 3at %N - Spray3. 50. 8700000 0. 6at ¥NdFor m ng 7Al-4at %N - Spray3. 50. 8730000

0. 6at ¥NdFor mi ng 8Al- 2at %\i - Spray3. 50. 812
9A1- 2at 9N - Spray3. 50. 8630000 0. 5at %rFor m

0. 5at %rFor m ng 11Al1-2at %N - Di ssol u---10000x | at %N\dti on
12A1- 3at %Ni - Di ssol u---5000x 0. 6at %\Ndti on 13Al- 2at %N - Powder - - 1500x | at %N\d
14A1-3at%Ni%§852y%.20.9540000x

000 2at %\NdFor m ng
g 10A1- 3at %N - Spray3. 50. 8810000

No. Composition Process Spray Forming Amount of Warp
Method Condition Compound*
Nozzle Gas (numbe r/mm?)
Diameter | Pressure
{mm) (MPa)
1 Al-Zat3Ni- Spray 3.5 0.8 110000 0
lat3Nd Forming,
2 Al-2at&Ni- Spray 3.5 0.8 108000 o
latay Forming
3 Al-2atsNi- Spray 3.5 0.8 107000 o}
lat&Dy Forming
4 Al-2atgNi- Spray 3.5 0.8 61000 o}
0.4at3Nd Forming
5 Al-3at&Ni- Spray 3.5 0.8 58000 o}
0.5at3Nd Forming
6 Al-3at&Ni- Spray 3.5 .8 70000 o
0.6atsNd Forming
7 Al-4at¥Ni- Spray 3.5 0.8 73000 o}
0.6at¥Nd Forming
8 Al-2atgNi- Spray 3.5 0.8 1259000 o)
ZataNd Forming
9 Al-ZatgNi- Spray 3.5 0.8 63000 o
0.5at’yY Forming
10 Al-3at&Ni- Spray 3.5 0.8 81000 o
0.5atsyY Forming
11 Al-2at¥Ni- Dissclu- - - 10000 x
latgNd tion
12 Al-3ati&Ni- Dissolu- - - 5000 x
0.6at3Ndg tion
13 Al-2at&Ni- Powder - - 1500 x
latsNd
14 Al-3atgNi- Spray 2.2 0.95 40000 x
0.6atsNd Forming
15 Al-3at%Ni- Spray 6 0.5 27000 x
0.6at’Nd Forming
16 Al-3at¥Ni- Spray 6.5 0.8 25000 x
0.6at%Nd Forming
*  Compounds whose aspect ratio was 2.5 or higher and whose
5 equivalent diameter was 0.2um or larger




0. 6at %\NdFor m ng 15A1- 3at %Ni - Spray60. 527000x 0. 6at ¥%NdFor m ng

16A1- 3at %Ni - Spr ay6. 50. 825000x 0. 6at ¥NdFor m ng Conpounds whose aspect ratio
was 2.5 or higher and whose 5 equival ent dianeter was 0.2m or |arger 22
Table 1 indicates the following. Wth respect to No. 1 through No. 10 in
Table 1, since the conpounds having the size specified in the present
|nvent|on are present in the specified anbunts, warp of the Al alloy plates
woul d be 5 m nor even after heating, and therefore when these are wused as
| ar ge- si ze sputtering targets it would be possible to suppress therwa

def ormati on duri 0 ucrn ! d us of e targets the c Qntrany,
S%b%é? q abl et E?Jtrt{c]%wjth%re Egh

for No. 11 throu onIy |nsuf |C|ent
nunber of 1 npound i.n speC|f| in the . i nvention,
warp after eggFﬁ&g %P é GnHPF@ 9 |CHERE e?Fhéng the

productivity of prodyci the targets and Iead i nconveni ence durlng use.
5 Banpl ¢ SRR HHEGY hteriihl bbb BRHON: byPpr bR oPREnE CaRAE. (b
recomrended condltlons were roll ed under various conditions

structures 6PSAfIdPMo ey aH@IPhePH nthGerdtle 2bvey fFi:'ialﬁeoFepHQPtlFioﬁj%re

exam ned. More specifically,
5 minor even after heating, and therefore, when these are

used as large-size sputtering targets, it would be possible
to suppress thermal deformation during producing and use of
the targets. On the contrary, as for No. 11 through No. 17
in Table 1, since there are only an insufficient number of
10 compounds having the size specified in the ©present
invention, warp after heating will be significant, which
will decrease the productivity of producing the targets and

lead to inconvenience during use.

15 Example 2
Al alloy materials obtained by spray forming under the

recommended cenditions were rolled under wvariocus conditions,
and the structures of Al alloy plates and the influence
over film deposition were examined. More specifically,

20 after obtaining intermediate materials by spray forming
under similar conditions tc those used for No. 1 through No.
10 described in Example 1, the intermediate materials were
encapsuleted and degassed, and thereafter pressed using an
HIP machine. These were forged into plate-shaped materials,

25 rolled under the conditions shown in Table 2, annealed (400



20 after obtaining internmediate materials by spray formng under simlar
conditions to those used for No. 1 through No. 10 described in Exanple 1,
the internmediate materials were encapsul ated and degassed, and thereafter
pressed using an H P nmachine. These were forged into pl ate-shaped
materials, 25 rolled under the condition?§§homn in Table 2, anneal ed (400 23
degrees Celsius) and then nechanically processed, thereby obtaining Al
alloy plates of 8 mMmmt X 600 mm X 800 mm As in Exanple 1, a cross sectional
surface of each AI all oy plate thus obtained perpendicular to the plane of

5 each A aIIo bser eg with a nlcro e..and the n Eber
conpounds mﬂ%g g@éngﬁgo cg hEN o Meigie= gﬁp %%%S%%§1v§ greb
di aneter was O. 2 u mor larger was counted. As a result, it was confirned
that there RRF@iNEABUGH §bé€¥fpeat€6rr85uﬁd§‘mf br %eae$0 it K 58%<é%l e 10 The
orientation of the s emﬂeﬁ8 npounds was then identified from
phot ogr aphs. Destfi b 5x|aﬁmp 3 FetHIE 19fe° %ﬂ%]ersﬁlf%?ﬁ% Qﬁeéiaf: ea‘l
conmpounds whose nmajor axis direction was beyond _30 degrees with respect to
the direct RbROWNIRIR WRas thafalakiaingd heespaﬁelaflleﬁe §ar §8€ Wies?ns ot
subtracted fromthe total nunber of the specified conpounds and the result
was di Vi dededgithe edlay RLAbervaf eRECTr¥pEctitadacBAREaRESPCand théRet he
proportion (% of the speci fied conpounds whose mmjor axis direction was
within thenpahge of SUREfNEesWAPER Befsedt ¥atihewdpr ectd opr higher
and whose equivalent diameter was 0.2 pgm or larger was
counted. As a result, it was confirmed that there were
enough specified compounds for each in this Example.

10 The orientation of the specified compounds was then
identified from SEM photographs. Describing in more
details, the number of the specified compounds whose major
axis direction was beyond * 30 degrees with respect to the
direction which was parallel to the plane of the target was

15 subtracted from the total number of the specified compounds
and the result was divided by the total number of the
specified compounds, and then the proportion (%) of the
specified compounds whose major axis direction was within
the range of = 30 degrees with respect to the direction

20 which was ©parallel o the plane of the target was
calculated. An average value of the three wvisual fields in
total was then calculated.

As for the number of bulky compounds, the compounds

whose equivalent diameter exceeded 5 u m were measured in

25 the SEM photographs, an average value 0of the three visual



20 which was parallel to the plane of the target was cal cul ated. An average
value of the three visual fields in total was then calculated. As for the
nunber of bul ky conpounds, the conpounds whose equival ent di aneter exceeded
5 mwere neasured in 25 the SEM phot ographs, an average val ue of the three
viisual 24 fields in total was cal cul ated_gnd converted into a count per 1
mP. Next, targets of 5 nmt X 101.6 mmwere cut out fromthe Al alloy

pl ates and subjected to a sputtering test 5 under the conditions bel ow.
Through arc nnnitoring, t he nunber of arcs during the first ten m nutes of

sputterlng count able 2 _sho the results te vacuu 4.0
o palof S Tt Bhre i r e Tt eE A58 seed et TR o COHIES X
10- 7n8/s) gutter pomer 500 W Anode- cat hode distance: 51.6 mm Substrate
t enper at ur €% obf® enper at ure 25 Tabl e 2 No. Conposi ti onRol | i ng

Condi tionsRati o of Amount of Nunber Tot al ProcessTenpAl i gnedBul kyof
Process- i ng( C) CompohentgcaspsuridsApcgmm t X ¢ 101.6 mm were cut out

from the Al alloy plates and subjected to a sputtering test
5 under the conditions below. Through arc monitoring, the
number cof arcs during the first ten minutes of sputtering
was counted. . Table 2 shows the results.
Ultimate vacuum: 4.0 X 107 Pa or less
Ar gas pressure: 0.3 Pa
10 Ar gas flow rate: 30 sccm (5 X 107'm%/s)
Sputter power: 500 W
Anode-cathode distance: 51.6 mm

Substrate temperature: room temperature



-i ngRat e( % *1( nunber
10400863. 230 | at %Nd 2Al - 2at %N - 806 -
10400932. 623 | at Dy 4Al - 2at %N - 806 -
10400824. 135 0. 5at %Nd 6Al1- 3at %Ni - 806 -
- '540075358 | at %Nd 8Al - 2at %N - 553 -
540069469 0. 6at %Nd OF conpounds whose asﬁ
whose equi val ent di aneter was 0.2m or

| ar ger,

direction was within the range of 30 degrees
whi ch was p$£€{ée£ to the

Rat ePer/ m®2) *2 (9% Pass (% 1Al -2at %\i - 806 -
1040090329 | at % 3Al- 2at ¥%Ni - 806 -
10400912. 725 0. 4at 9%N\Nd 5Al - 3at ¥%Ni - 806 -
10400942. 519 0. 6at 9%Nd 7Al - 2at %N\i - 553
540073?.162 | at %¢ 9Al1- 3at 9. Ni - 553 -

ct ratio was 2.5 or

t hose whose nmmj or axis
with respect to the direction

hi gher and 5

No. Composition Rolling Conditions Ratio of Amount of | Number
Total Process | Temp Aligned Bulky of
Process -ing (°C) Components | Compounds Arcs
-ing Rate (g)*1 (number
Rate Per /mm?) *2
(%) Pass
(%)
1 Al-2at%Ni- 80 6 - 10 400 86 3.2 30
lat¥Nd
2 Al-Z2atg&Ni- 80 6 - 10 400 90 3 29
latsy
3 Al-2at&Ni- 80 6 - 10 400 93 2.6 23
1at%Dy
4 Al-Zat%Ni- 80 6 - 10 400 91 2.7 25
0.4at%Nd
5 Al-3atiNi- 80 6 - 10 400 82 4.1 35
0.5at%Nd
6 Al-3at®Ni- 80 6 - 10 400 94 2.5 19
0.6atsNd
7 Al-Zat®Ni- 55 3 -5 400 75 3 58
lat%Nd
8 Al-2at&Ni- 55 3 -5 400 70 3.1 62
latsyY
9 Al-3at’Ni- 55 3 -5 400 69 4 69
0.6at3Nd
*1 Of compounds whose aspect ratio was 2.5 or higher and
5 whose equivalent diameter was 0.2um or larger, those whose
major axis direction was within the range of * 30 degrees
with respect to the direction which was parallel to the
plane of the target
*2  Bulky compounds whose egquivalent diameter was over 5
10 pum




pl ane of the target *2 Bul ky conpounds whose equival ent dianmeter was over 5
10 4 m 26 Table 2 indicates the followi ng. Wien there are the specified
anount of conpounds specified in the present invention, the major axis
direction of the specified conpounds is aligned with the direction which is
S approximately parallel to the plane of a target as in the case of No. 1
through No. 6 in Table 2 and production ef bul ky conpounds is suppressed,

it is possible to secure the nechanical strength, sufficiently suppress
devel opment of arcs during the initial stage of sputtering and achieve 10
nore stable sputtering. 27 WHAT IS CLAIMED IS; 1. An Al -base all oy

sputtering targefaRbPmpei 4Neg CRiteSard OnEC bEOWHRS: r al@edartie ks e?r’é%t she
wherein there are 5.0X104/ m®2 or nore conpounds whose 5 aspect ratio is 2.5
or hi gher aFRPGhbsed eimiitent idi GRBPEHNAEs WUl hedr Itar &€ RAEASATCr 0SS
sectional surface perpendicular to the plane of the target is observed at a
magni fi cat i BRIt DOOO oFhdi gheior 2. ahs Al dbeset aproyosputheri ApecaFged
according to 10 claiml, wherein (a) the major axis direction of 80 % or
nmore of thecompounds is aligned with the direction which 1is

5 approximately parallel to the plane of a target as in the
case of No. 1 through No. 6 in Table 2 and production of
bulky compounds is suppressed, it is possible to secure the
mechanical strength, sufficiently suppress development of
arcs during the initial stage of sputtering and achieve

10 more stable sputtering.



conpounds are within the range of 30 degrees with respect to the direction
which is parallel to the plane of the target, and 15 (b) the nunber of
bul Ky conmpounds whose equival ent dianmeter exceeds 5 UMis 500/ m2 or
fewer. 3. An Al -base alloy sputtering target according to claiml1, wherein
the rare earth elenent is one or nore e&gnents sel ected fromthe group
consisting of Nd, Y and Dy.

WHAT IS CLAIMED IS:
1. An Al-base alloy sputtering target comprising Ni
and one or more rare earth elaments,
wherein there are 5.0X10°/mm’ or more compounds whose
5 aspect ratio is 2.5 or higher and whose equivalent diameter
is 0.2 um or larger, when & cross sectional surface
perpendicular to the plane of the target is cbserved at a
magnification of 2000 or higher.
2. An Al-base alloy sputtering target according to
10 claim 1, wherein
{a) the major axis direction of 80 % or more of the
compounds are within the range of =30 degrees with respect
to the direction which is parallel toc the plane of the
target, and
15 (b) the number of bulky compounds whose equivalent
diameter exceeds Sum is 500/mm® or fewer.
3. An Al-base allcy sputtering target according to
claim 1, wherein the rare earth element is one or more

elements selected from the group consisting of Nd, Y and Dy.



