1 Al -N -RARE EARTH ELEMENT ALLOY SPUTTERI NG TARGET BACKGROUND OF THE

| NVENTION Field of the Invention 5 The present invention relates to an

Al-Ni -rare earth elenent alloy sputtering target, and nore particularly, to
such an Al-Ni-rare earth elenment alloy sputtering target which can be
produced favorably even when the target is to be nmade | arge and with which
it is possible to realize 10 stable sputtlering which does not acconpany
major warp of the target. While the sputtering target according to the
present invention is applicable to an interconnection filmwhich forms a
liquid crystal panel, an organic EL panel or the 15 like for use in a

tel evi sion set, &lridpt-&3REomHRIEr ELEMENINIALGO Y0 PEOITITER IHG APRAEET refl ecti on
film a recording filmand the |ike for use in the field of optical
recording, an interconnection filmand the like in the field of

sem conduct or devices, use of the sputtering target 20 according to the
present i nVERTHEROUND @F | THDI INCEySt@h panel will be described below as a
typi cal application. Description of the Related Art A liquid crystal panel
of the active nmatréXdtypethé nthudesian TFT array substrate which uses thin
film 25 transistors (TFTs) as switching elenments and includes pixel 2

5 The present inventicn 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

i which can be produced favorably even when the target is to
be made large and with which it 1s possible to realize
10 stable sputtering which does not accompany major warp of

the target.

While the sputtering target according to the present
invention is applicable to an interconnection film which
forms a liguid crystal panel, an organic EL panel or the

15 like for use in a television set, a laptop computer, a
monitor or other display, a reflection film, a recording
film and the like for use in the field c¢f optical recording,
an interconnection film and the like in the field of
semiconductor devices, use of the sputtering target

20 according to the present invention for a liquid crystal
panel will be described below as a typical applicaticn.

Description of the Related Art

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

25 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 substrate and the opposed substrate. The
signal lines in the liquid crystal panel éare 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 electrodes produces alum num oxide or the |ike, which is an

i nsul ati on gaeetralesat thétranephaedtbet weedndepeivow andiker easesrtche

el ectrical resistance there, a 15 conventional solution to which is
general ly i mhéeposnhectnicof gofritlinnef wafichct oy meteal scemchirgs None@r,, Ti
and W as barrier netal between the alum num alloy and the pixel

el ectrodes. skgnkhe DeAssi nendt htha eqente,yeans davesseenuwstvitenphifor a
sinplified producing process by neans of 20 omi ssion of such a film of

hi gh- nel ti ngnpoiuaksnetal @ithordi rerdceanectigm of st hgisperal | igws a
(alum num alloy) and the pixel electrodes (transparent conductive film,

and use of pAbylk c@hli QR Af Q1 XA erasidder Uﬁwug\:%y%u@)@%r@%n dHpposed
for reductlon of the insulation material such as 25 al um num oxi dé and hence

reduction of tihe,glectii;S8L131ayer which is injected between the TFT

array substrate and the opposed substrate.
L 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 allcy (f£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 conventicnal 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-point metal and
direct connection ¢f the signal lines (aluminum alloy) and
the pixel electrodes (transparent conductive film), and use
of AL-Ni alloy for example as the aluminum alloy has been
proposed for reduction of 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 snmaller internmetallic conmpounds in the structure. Sputtering is
generally used to forma thin filmsuch as the interconnection film above.
Sputtering is a nethod according to which plasnma discharge is devel oped
between a 10 substrate and a target material which serves as a film
material, gas ionized by the plasma discharge collides with the target

mat eri al, thesasbascef (Fh&ensr gerunanérilal J&r e 208jteetldd Odnd Paccumaltaindd as a
thin filmon the substrate and is advantageous in that it achieves
producti on Dbcamtehinll8lEpl neetrtiibessaneitamposift Ndn &s Fleabrofthiehd itkar get
material unlike where a vacuum deposition or AIP nmethod is used, Targets

for productkentak theral wignantaldaned idmphs ehbhaveobeahaseef ahephepased
i nclude the alum numalloy having substantially reduced crystal grain

diameters 2B8sageohgi paobertat et Documepér 2ofdEet ddn 186905 anh) it d | ne
conmpounds as those described in Patent Docunent 3 (JP, 2001-214261, A),

Pat ent sDocusgBt ¢h dJdFridPr 199830 ctAni Hies blving SPOWsHELe F e@@%‘%@'ly fine

and small crystal grains or conmpounds reduce splashing during f

deposition gndigs $RAULRALAE UALEREMeEATRAS LR caRd sl iiiimdf %kc'}%%stmﬁfe the 4
Sputtering is generally used to form a thin film such
i 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 of the target material are
ejected and accumulated as a thin film on the substrate and
is advantageous 1in that it achieves production of a thin
i5 film of the same composition as that of the target material
unlike where a vacuum deposition or AIP method is used.
Targets for production of the aluminum allecy film
which have been so far proposed include the aluminum alloy
having substantially reduced <c¢rystal grain diameters
20 according to Patent Document 2 (JP, 11-1069C5, A), very
fine compeunds as those described in Patent Document 3 (JP,
2001-214261, A), Patent Document 4 (Jp, 10-199830, A), etc.
It is shown that remarkably fine and small crystal grains
or compounds reduce splashing during film deposition and

25 secure the unifcorm 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
athin filmto produce, and additionally, suppressed warp of the target
attributable to heating during producing‘%r 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 straig htenlng t hermal deformation during bonding to a cooling
plate, etc.thindrepusbeRtdéidPmation is excessive, not only the accuracy of
t he product but the productivity 15 as well deteriorate. Meanwhile, thernal
def ormati on whi cBy bbeuwsydumiiig euséid nid numkes slieforoht kohigaddedriygteépeat ed
heating and cooling during filmdeposition, and such excessive defornmation
during use dagsésyappnebl em tthat & kesohwdpsn et edeainabi chcbeads btlie thar get
with the cooling 20 plate cracks, the target locally fails to get cool ed and

the sol der gntericd geltsrgard getrs peptedaofbnfraom the IToghidgplhatel The
present invention has been nade in Iight of the problens above, and

accor dgngl ydl@b!ﬂﬁyvﬁ aPleqQVi dﬁdlglﬁdbtﬂllrlr?{? BIE- pares a4y 21 eaepetl ls@y 11
sputtering target i ch does

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 1f such deformation 1s excessive,
not only the accuracy o©¢f the product but the productivity
15 as well deteriorate. Meanwhile, thermal deformation which
occurs during use includes deformation caused by repeated
heating and cooling 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 cooled and
the so0lder 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 sputtering 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 filmdeposition. 5
SUMVARY OF THE | NVENTI ON The target according to the present invention is an
Al -base alloy sputtering target containing Ni and one or nore rare earth

el enents, wherein there are 5.0X 04/ m®2 6 10 nore conpounds whose aspect
ratio is 2.5 or higher and whose equival ent dianeter is 0.2mor | arger,
when a cross sectional surface perpendicular to the plane of the target is
observed at a magnification of 2000 or higher. It is preferable that when
the cross seetianaPmBanyatel o15dpéppeAtiienl avarp)t Herphgnerefuchact anget is
observed at a magnification of 2000 or higher, (a) the major axis

direction ofis8p %ar ovne bef pheduoapountstiaeel yi &hidn 4l c reamgky ok véd
degrees with respect to the direction which is parallel to the plane of the

target, andwfibh the number 206 ofo b kyadenmeunds wieseyiedui wial ent idi dret er
exceeds 5 g m is 500/m2 or fewer. For inprovenent of the heat resisting

property, tpessiBle eartbatleneBtabseconelnr depbeielieaents selected from the
group consisting of Nd, Y and Dy. The aspect ratio in 25 this context is
(the mgximum l ength) / (the length along 6

SUMMARY OF THE INVENTICN
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%/mn® or
10 more compounds whose aspect ratio 1is 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.
It is preferable that when the cross sectioconal 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 tc the plane of the target, and (b) the number

20 of bulky compounds whose equivalent diameter exceeds 5um

is 500/mm® or fewer.

For improvement of the heat resisting property, the
rare earth element 1is 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 deformed (warp) greatly even
during rolling, bonding to a cooling plate and repeated use for film
deposition. This makes it possible to precisely produce a target of a
specified size in an easy manner. This al®o attains 10 easy bonding to a
cooling plate and all ows om ssion of straightening. Further, this suppresses
cracking of a solder material between a target material and a cooling

pl ate due to repeated heating and cooling during use and prevents
separ ati on ofet [id reyouititcer | pgthaggeslf iom the I&ociovin ngepbate, avhi elhchn turn
secures efficient and excellent deposition of an Al alloy interconnection
and el ectrodepbuhérs or the like for a long tine during steps of producing
a liquid crystal display for instance. Wile aimng at solving the probl ens

associ ated with Aacc@PdingoeostEe target whi ehewprpsecpar ingeharby,geeahl v,
the present invention is applicable of course also to a nedium or small

target whichhdges;seef ¥arp agapyehsasea dpaftg;eéritra{]g@brgges- 2% BiRbEGet
DESCRI PTION OF THE DRAWNGS 7 Fig. 1 is an SEM phot ograph (taken at a
magni f kcati @Bes not get deformed (warp) greatly even during rolling,
bonding to a coecling plate and repeated use for film
deposition.

This makes it possible te precisely produce a target
of 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 between 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 cooling plate, which in turn secures efficient and
excellent deposition of an Al alloy intercennection and
electrode films or the like for a long time during steps of

producing a liquid crystal display feor 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 dces not warp as much as a large

target does.

25 BRIEF DESCRIPTION CF THE DRAWINGS



of 2000) of a cross sectional surface of a conventional sputtering target;
and Fig. 2 is an SEM photograph (taken at a magnification 5 of 2000) of a
cross sectional surface of the sputtering target according to the present

i nvention. DETAILED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT The i nventors of
t he present invention devoted 10 thenselves to devel opnent of an Al-Ni-rare
earth elenent alloy sputtering target whi ch is used for deposition of a
useful 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 nade

| arge, and withFugich il o Fddkidiategrardal { z@kexcer| anmagpdiftieritign As a
result, the inventors nade the present invention based on the findings that
t he existencé @f00d0npolinds deresnsedefliomed wsthfaca bdr get cwowked tsenzé t he
pur pose. 20 Describing nore specifically, the inventors found that the

exi stence ofpcbnpoundstwhgse; aspect ratio was 2.5 or higher and whose

equi val ent dianeter was 0.2 u mor larger which were observed in a cross

sectional surfaceigpepperdisgulsaM tghdthegpd@ne(Odkant atgat nwemlid isufficel ently
25 suppress deformation of the target. 8 The aspect ratio is set to 2.5 or
hi ghersas the ce@mounds aboyesase seltarggn toanribat af aRe AlspiRitking nand

target according tc the present inventicn.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
The inventors o©f 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
doss not accompany major deformation (Wwarp} during
producing and use, and c¢an 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 of compounds herein
defined within a target would 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 0.2 um or larger
which were observed 1in a cross sectional surface
perpendicular to the plane of a target would sufficiently

25 suppress deformation of the target.



are believed to contribute to inprovenent of the strength of the target,
and al so because it has been confirmed 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 existence
of circular (sphere-like) conmpounds does, Fig. 1 shows, as a conparison,
an SEM phot ograph (shot at three freely ¢hosen 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 alloy target. Wen
conpounds observed in a cross sectional surface of the target are shaped
like circles as Sh8wn2sReFrg.raciqt s deffiteul £t oI5 BUFREEI et | yhsr event
def ormati on. Even when the aspect ratio of the conmpounds is 2.5 or higher,
i f the conpoghdsuade pdrviearge etowglyan thayertimh céxaentlomaltarigernd he
conpounds will not sufficiently contribute to inprovenent of the strength
of the targetreamdl2@wdd |tomotoshrisfibet ari |iynpaxchidmientt hef déher mdtriegryth
preventive effect. Noting this, the present invention requires the

exi stence obfstitke cempeundawhaslesasperdusati v hss2bbear cohifdghlterdandathose
equi val ent dianeter is 0.2 g mor larger (hereinafter referred to as the

"speci bi ed epapesnEschce2® fA J18fHli d&IENInd$H QAECOR dappeawi B dt-Re apkesant
invention 9 is that a cross sectional surface perpendicular to the plane
of a targetsobgsesyed fc@idmani fdaadQn aterptk 2090t 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 iocations where the thickness is from {1/4)t through (3/4)t
0of the thickness t of the target) of a cross secticnal
structure of an Al-0.6at®Nd alloy 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 ratio of the compounds is 2.5 or
higher, i1f 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 regquires the
existence of such compounds whose aspect ratio is 2.5 or
higher and whose equivalent diameter is 0.2 pum or larger

{hereinafter referred to as the "specified compounds").

25 A requirement in accordance with the present invention



at | east or higher shows 5.0 X 104/ m®2 or nore specified conpounds. This is
because if the nunber of the specified 5 conpounds is less than this, it is
not possible to sufficiently enhance the strength of the target and
securely suppress deformation. The specified conpounds preferably exist in
t he ambunt of 6.0X101 /mm®? or nore, and nore preferably, 8. 0 X 109/ m® or
more. 10 The nunber of the specified conpbunds may be found by observing
and shooting the cross sectional surface perpendicular to the plane of the
target at a magnification of 2000 at | east as described above using SEM
equi pnent and by analyzing the i mage of thus obtained SEM phot ographs. 15
Sections toilsbserye shoakdsaotséaic]udel assunffagee paypendpontbon of tihe cross
section, and observation of those sections where the thickness is from
(1/4)t thropdghne3b4)t teftrgeheobbieckrdssatt aofmaghe fiaageion 3 atec afimerided
During observation, the target should be observed at a few places 20

(preferablyagt tdyee ok MIghdOCahbaRs)s andk am‘avaf age watse sphould Le
used. Fig. 2 shows for reference an SEM photograph (shot at three freely

chosen | ocatbapsunhere tihe st hickness ds {f ome (Aidbert Browal (spbitrield the
thickness t of the target) of 25 the cross section of an Al -2at %\ -0. 6at %\d

al l oy &argetokBounhischigat hgkises thle reauk’emant s jabover Agrrdifie ta i g.
2, it is seen that there are nunerous rod-shaped conpounds
sufficiently enhance the strength of the target and
securely suppress deformation. The specified compounds
preferably exist in the amount of 6.0X10%/mm?® or more, and
more preferably, 8.0X10%/mm® or more.

10 The number of the specified compounds may be found by
observing and shocting the «c¢ross sectional surface
perpendicular to the plane of the target at a magnification
of 2000 at least as described above using SEM eguipment and
by analyzing the image of thus obtained SEM photographs.

15 Sections to observe should not include a surface layer
portion of the cross secticon, and observation c¢f those
sections where the thickness is from {1/4)t through {3/4}t
of the thickness t of the target 1s recommended. During
observation, the target should be observed at a few places

20 (preferably at three or more locations) and an average
value should be used.

Fig. 2 shows for reference an SEM photograph (shot at
three freely chosen lccations 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



unlike in Fig. 1. The gray conpounds shaped like circular plates in Fig. 2
do not satisfy the requirenents above and 5 are believed to be hardly
influential over inprovenment 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 described lateri®10 It is preferable that the
maj or axis direction of the specified conmpounds nentioned above is oriented
along the rolling direction (nanely, the direction of the plane of the
target) when observed within the cross sectional surface perpendicular to

t he pl ane ofwhiikd ts@&tgetf igts &5 regi fenenionabdve000Aecolidghar .LONRIT & he
speci fied conmpounds are found to align along the parallel direction to the
pl ane of theé,tdrgets wmm ofdszr veldene t Aire hheecross rosiechiapral cundaoels
perpendi cular to the plane of the target, defects attributable to pushing
during mechanild&le 20 griecesisi ngTias egshal bompoThids aha@esiufrkes seisabnar mal

di scharge during initial use of the target, and prevents a deteriorated

yi el d of FPP3atklsatirpamne). di sg ays), satnsati shacteny iepakatisonearahidd ti es
and the |like caused by defects in the thin film 25 Mre specifically, it

i s desisrabl g -khaie tiha,dmj 05 8% $iakh1 Al feelhone o1 SQve@orlm@%efem‘enttheof
speci fied conpounds (which are conpounds whose aspect ratio is 2.5
higher and WRA@S&trength of the target. Those compounds shaped like
circular plates shculd 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 crientea alcng 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,
cdefects attributable to pushing during mechanical
20 processing are shallow. This also suppresses abnormal
discharge during initial use of the target, and prevents a
deteriorated vyield of 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



equi val ent dianeter is 0.2 u mor larger) are within the 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 descri bed
above satisfy the requirenent, and nore preferably, the major axis
direction of 90 % or nore of the specified conpounds are wthin the range
of 30 degrees with respect to the 10 dirkktion which is parallel to the

pl ane of the target. For suppression of initial abnormal discharge during
filmdeposition, it is recommended not to allow the existence of bulky
conmpounds. \Wile the present invention is characterized in permtting the
exi st ence oflitketis®nspdcitfi éd cdompainds Whie s fimdecammpuglis olwhic®rt ai n
extent or larger, the excessively |large size of the specified conpounds
devel op abnerrakotipschaisgehats Bepstcdge atofo sput2.€r icng Hiwghag damd twladsaise of
the target. Further, since the specified conpounds above are hard, when the

20 speci fi edgeorpoends @f gnPushedsi o duni RY sMchiaRgewor kare dafiestis caud d be
produced. In addition, not only the specified conpounds described above but

bul ky conmpoyndse frapeddikegebbgulatnpl g @s tHosgshaWR N o Gyn crgoul d

al so result in’inconvenience during filmdeposition. Hence, 25 it is
reconmendablig t SUPRIESE, t BReNYTRBE ff U KYL 25 €0NPOYRES YAR9SE eauiyal ent

di anet er exceegﬁ’S u mdown to 500/m®2 or |ess, irrespective o?ethe shapes
of the 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, it 1is recommended not to allow the
existence of bulky compounds. While the present invention
is characterized in permitting the existence of the

15 specified compounds which are large enough to a certain
extent or larger, the excessively large size o0f 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 cculd be produced. In addition, mnot 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 fiilm deposition. Hence,

25 it 1is recommendable to suppress the number of bulky



conpounds (aspect ratios). The nunmber of such bul ky conmpounds 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 |ike may
be identified by observing and shooting the cross sectional surface
perpendi cular to the plane of the target at an increased 10 nagnification of
| east as described above using tHe SEM equi prent above and by
anal yzing the i mage of thus obtai ned SEM photographs. In this instance as

2000 at

well, it

is

recommended to observe and shoot at plural |ocations where

thickness is from (1/4)t through (3/4)t of the 15 thickness t of the

target.

net hods.

Al t homghuhte pihesentequiealénn ddiesenetr specedgs ab met hddwof to
produci ng the sputtering target described above,
utilizes sppg9/fof m oy i $esseconmerdpecaiveg tdfe comvenshapak| yofer froremed
20 This is because producing in accordance with this nmethod

produces a spupbentdsg tasgettcontaiasng theTheonpoungds specisfuddd ioultdye

pr esent

invention and thus produced target is of a uniformmterial in

t he

a produci ng net hod which

easily

whi ch an al beypoghaserthdis dilssopyede@bbdiyspersedevenly k8 Aoominth ds the

25 matri x phase.

t he fokl om nggprocess. That is, a nelting materi al

10

15

20

25

The orientation of the compounds above, the number of
the bulky compounds abcve 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 of thus
obtained SEM photographs. In this instance as well, it is
recommended to observe and shoot 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 not specify a
method of preoducing the sputtering target described above,
a producing method which wutilizes spray forming 1is
recommended among the conventionally performed methods.
This is 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 dissclved or dispersed evenly in Al which is the

matrix phase.

13 A producing nethod which utilizes spray form ng may be



is dropped down froma nozzle, N2 gas for exanple is sprayed against the
droplets, thereby pulverizing the 5 material, and an internedi ate materi al
(whose concentration is approximately from50 to 60 %9 which is called a
pre- formis made while the powdery material is yet to conpletely

coagul ate. This internediate material is then encapsul ated, degassed,
pressed using an H P (Hot Isostatic 10 Pressing) machine, forged into a

pl at e-shaped material, rolled so that the plate thickness is approximtely
the same as that of the target, annealed and then nechanically processed.
To obtain the specified conpounds above, it is 15 recommendable to control
the diameter of the néz 2% nheneshedy Whdshpriessliy 26§ hepsipNaftarnimef erred
to as the "gas pressure") particularly at the spray formng step for

adj ust nent ot e ddd i fwgl speledy Thicess. bethateithe a cerdpoudsispecidli ed in
the present invention are not 20 obtained by rolling which will be descri bed
| ater and Becadsepptdhasodreerntexpeni neatalky Viesri biaed that ¢hemshapes and
the sizes of these conpounds are determ ned by a spray form ng condition.

As for the rezzivedi adetierstandhihe dgaplpressurtered genaraldiyz ispeakinyg, the
nozzle dianmeter (~) is from2.5 to 14 10 nmand the gas pressure is from

?.33 tosl. 5 MEackqa0ht aind aan iAltedledy J¥Rt efaitdlr ity SpiRd Aididuhe Hoveyer, it
is approximately from 50 to 60 %) which is called a pre-
form 1is made while the powdery material is vet to
completely coagulate. This intermediate material is then
encapsulated, degassed, pressed using an HIP (Hot Isostatic

10 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 is

15 recommendable to control the diameter of the nozzle and the
spray gas pressure (hereinafter referred to as the "gas
pressure”) particularly at the spray forming step for
adjustment of the cocling speed. This 1is because the
compounds specified in the present invention are not

20 obtained 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 feor the nozzle diameter and the gas pressure,

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



inmportant in the present invention to strictly control the nozzle dianeter
(0) to 3.0 through 5.5 mm (preferably the 5 dianmeter ( 0 ) is from3.3
through 4.5 nm and strictly control the gas pressure in the range fromO.6
through 0.9 WMPa (or preferably fromO0.65 through 0.85 MPa). Wen the nozzle
diameter is smaller than 3 nm the flowrate of the nolten A alloy slows
down and the cooling 10 speed increases ¥&lative to the flowrate, and

t herefore, conpounds will not grow alnost at all in one direction but

rat her stay round and conpact, which nmeans it will be difficult to obtain

t he specified conmpounds. On the contrary, when the nozzle dianeter is
beyond 5.5 @ mihentl5 thieowarsatre esfs uriee irplfirem Al. Jaltooyl Hedtres-d asiteriand
the cooling speed slows down relative to the flowrate, and therefore,
conmpounds wahl Hecameohul kyteSi aTe Hvhi spal| foreduce t heigwether, ofitt hies
conpounds, it will be inpossible to secure the enough nunber of the

speci fied CQH?_@M'&@%J: G, Neanwhi & €on tWheRvERei @AStBr 8$3ULe 1iyS dcawedo 1t hatk 0. 6
MPa, the cooling speed slows down, which is not desirable as conpounds

wi il become Bylhy andiddhenumger of the compaynds sl deti@asg.as dil the

case of the excessively large 'nozzle dianeter des abov e gas

pressuce 25 exggeds 09, NPay ot e Gooki g0 speed | ngreasgs, compounuds 48, will

remai n 'shapée Ke “spher €s an I'npossi blre N conpo

havi ng larg%o%%&%qtﬂﬁgidﬁ%iﬁ&éggﬁﬂg in the range from 0.6 through 0.9
MPa {or preferably from 0.65 through 0.85 MPa).

When the nozzle diameter 1s 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 almest at all in cone direction but
rather stay round and compact, which means it will be
difficult to obtain the specified compounds. Cn the
contrary, when the nczzle diameter is beyond 5.5 mm, the

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

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

25 exceeds 0.9 MPa, the cooling speed increases, compounds



|

case of the excessively small nozzle dianmeter described above. 5 The
present invention reconmends controlling the shapes and the sizes of the
conpounds dependi ng upon a spray formng condition and thereafter
controlling the orientation of the conpounds during subsequent rolling as
descri bed above. Control of the processing rate in 10 particul ar anong
rolling conditions is desirable as it makeés it possible to arrange the
maj or 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
ratio of 4%itld 8=mMeiandshheepr d¢Essisphharatse pet pasyiofl Be olr@odsible
However, for enhancenent of the orientation of the conpounds, it is
desirabl e tad ntsesige tbepbahdk praocessi hgrge abhepand the jprocessiing tiat e per
pass during rolling. 20 Describing in specific details, the total processing

rate of 60%ser bEgheie arfdcbBeipeQgeSShADL I &l Aer @@&ﬁe@érS des@rihégher
are recomrended. In the event that the total processing rate is |ower than

60 % the orjrenRtati on of the conpounds does not 25 sufficiently inprove,
which is not preferable. The total 16 processing rate is nore preferably 70

%or higher. Fromyp standngint; gfchess,burden MBARseauiRIFRat 1akd; Prayent i on

of

shapes and the sizes of the compounds depending upon a
spray forming condition and thereafter controlling the
orientation of the compounds during subsequent rolling as
described above. Contrel of the processing rate in
10 particular among rolling conditions 1s desirable as it
makes it possible to arrange the major axis direction of
the specified compounds along the direction which 1is
parallel to the plane of the target.
As for producing of an Al alley target by rolling,
15 generally adopted conditions are the total working ratic of
45 to 85 % and the processing rate per pass of 3 to 10 %.
However, for enhancement o©f the orientaticn 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



a lower productivity, the total processing rate of maximum 85 % in
accordance with the generally required condition 5 above. Meanwhile, 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 |layer portion alone gets deforned but an area near 10
the center of the plate thickness is rarel§ deformed, which nakes it

i npossible to sufficiently enhance the orientation 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 material by spray
form ng net oo cesdrideth above, mawhé | préeferablpos8i Bl ert digheduce Bridrhea by
cold rolling or by hot rolling since the structure will not easily change

during thessgdpedssi ng foss abbirgber upvacegsiipgehat arperpPass;tig o6£sSi ng
in tenperature range of low flow stress after 20 heating the A all oy

mat eri al is effeedd usro@neh 1 her¢f otBe tBeklr eirbicBg sisgprefier abt emadheum
reconmended heating tenperature is from 350 through 450 degrees Cel sius.

The other cowliiQns suedr@mddogethortrsprgmépsm fgreddiPed @D i6@! |1 NY
and the like may be generally 25 accepted conditions (which are described
in JP, 9-24866R;. A 17 for instance). Wile the present invention is
applicable to an Al -

Meanwhile, the processing rate per pass is preferably
5 % or higher in the present invention. If the processing
rate per pass 1is lower than this, an area around the
surface layer portion alone gets defcocrmed but an area near
10 the center of the plate thickness is rarely deformed, which
makes it impossible to sufficiently enhance the orientation
of the specified compounds. 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 abeove, while it
is possible to produce either by cold rolling or by hot
rolling since the structure will not easily change during
these procéssing, for a higher processing rate per pass,
processing in 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 conditicons (which are described in JP, 9-248665, A



base alloy target containing Ni and one or nore rare earth elenents and
none of the ampbunt of Ni and the type and the 5 anmount of the rare earth
elenent is particularly limted, where one plans to use the target
according to the present invention for deposition of an electrode filmof a
diisplay device as that described earlier, 1 through 5 at%of N in an

Al -Ni-rare earth element alloy target is fécomended for 10 reduction of an
insulation material which is produced at the interface between thus
deposited electrode film (alumnumalloy filn) and pixel electrodes. The
target to which one or nore types selected fromthe group consisting of
Nd, Y and Dyfdyasrisdemcadded as rare earth el enments 15 enhances the heat
resisting property of a deposited thin filmwthout fail, which is
preferable. For tdniseeffleet presebe fulteniion sikecumienddd « hiad Ghe ZAirount
of the rare earth elenents accounts for 0.1 through 3 at%in the Al-Ni -

rare earth elaerenil ay} oyatesigetonOidhegpresentl bRventi abrdoasmmoteditht the
shape or the size of the target but is rather applicable to targets having

vari ous shapensiiy as@ ieed angutne shapatand 81 dinsk-tHke ylapgnd neké ng
the fact that deformation such as warp which occurs during producing or use

of the dar geln AR (DESOMBRL MGG of GIBFKADE CeiSnt Ne SR tAlc iRG 1LAT D8 ¢ 8a,
| arger, 18 the present invention may be preferably applied to a | arge- size

target “hiCQ&QEQ?Q%ﬁ?'ﬁ%ghénQénuggngﬁE %BQBQtOQ%C%E%ﬂng to the present

invention for depcsition 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 ¢f an insulation material which is produced at
the interface between thus deposited electrcde 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
pe 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 ncot limit the shape or the
size of the target but is rather applicable to targets
having variocus shapes such as a rectangular shape and a
disk-like shape, ncting the fact that deformation such as
warp which occurs during producing cr use of the target

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



which in turn wll dramatically suppress such deformation and magnify the
effect of the present invention. 5 The present invention wll now be
described nore specifically in relation to exanples. The present invention
however is not limted to the exanples bel ow but may be inplenented after
appropriately nodified to the extent neeting the intentions nentioned
earlier and 10 described bel ow. Those nodifications all fall within the
techni cal scope of the invention. Exanple 1 N2 gas was bl own agai nst the Al
alloy materials No. 1 15 through No. 10 and No. 14 through No. 16 having
the conpositions shown in Table 1 during spray formng under the

condi ti ons phevicdedent Tameation mear bedicaed eraleni alry L ieghdse addrigigs-es
were approximately from50 to 60 %9 were consequently obtained and then
encapsul at ediard tdegassed i cR0 rard uresr 680t em prredsed eursiadgnan odleP steiEhi ne.
These were forged into plate-shaped materials, rolled (at the total

processi ng watiehofirB0t%rnt e 1pr ahress thig-aldive pesppass ofich ddfcqught ikh % and
the finish rolling tenperature of 400 degrees Celsius) so that the plate

t hi ckness waulddmBgn2% vappreoxisraice! ¥ it e es iR sas tt Natveoft itthe final products
19 (targets), anneal ed (400 degrees Celsius) and then nechanically

processed, therehlycobpakeng AingkheYoRl ahes1 Ol mEat % L90 HER X £(3Q% Mm
Q her conditions for spray
specifically 1in 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

technical scope of the invention.

Example 1
N, gas was blown against the Al alloy materials No. 1
15 through No. 10 and No. 14 through No. 16 having the
compositions shown in Table 1 during spray forming under
the conditions provided in Table 1, intermediate materials
{whose densities were apperimately from 50 to 60 %} were
consequently cobtained 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 1C % 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



formng than those appearing in Table 1 are as follows: 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 having the
conpositions shown in Table 1 were dissolved 10 within a vacuum i nduction
melt furnace (i.e., inside a crucible of alumna filled with Ar gas under
100 Torr) at 750 degrees Cel sius (superﬁ@%t), poured into (cylindrical)
nol d of graphite, and casted. This was followed by forging, rolling,
anneal i ng and nechani cal processing as in the case 15 of producing by the
spray form ng nmet hod descri bed above, thereby obtaining Al alloy plates of
the above silZ8r9a§sifor awneabedn T46ICe 1deqrées ACedaiers) Al angd pddsr and
Ni powder were m xed, the m xture was Hl P-processed and pressed, and

t hereafter fecyedicrdlivedrarrrsddd bhdreby metiardindald yAbr eéessedlaties eby
obtaining an Al alloy plate of the above size. A cross sectional surface of

each Al all oy @l ate tt hds &bt nEd 3@E mbser geHew thnadifiiehesdepe st he
nunber of specified conpounds was counted. Mre specifically, using 25

FE- SEM ( Quaribam2®qd EEGn ahbisel dppmiasdingn iy abseanniatg 2@ felldedwan
m croscope manufactured by Phillips) under the conditions of the

magni fiscati on of 2000sapdrhlet:.accel enat idegreelst aga safusb kV, freely chosen
three | ocations
Over pressure: initial ... 0,003 MPa
end ... 0.01 MPa
i For compariscn, the Al alloy materials No. 11 and No.
12 having the compeositions shown in Table 1 were dissolved
10 within a wvacuum induction melt furnace (i.e., 1inside a
crucible 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 forging,
reolling, annealing and mechanical processing as in the case
15 of producing by the spray forming method described above,
thereby obtaining Al alloy plates of the above size. As
for No. 13 in Table 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
cbtained was observed with a microscope and the number of

specified compounds was counted. More specifically, using

25 FE-SEM (Quanta 200 FEG, a field emissicn <Cype scanning



where the thickness 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 u m X about 60 m thus
taking reflected electronic inages. Using the WnROOF i mage anal ysi s

sof tware (manufactured by M TANI CORPORATI ON), inmage 10 anal ysis of the
digitized SEM phot ogr aphs was perforned, 28 he nunber of conpounds whose
aspect ratio was 2.5 or higher and whose equival ent dianeter was 0.2 u m or
| arger was counted, and an average value of the three visual fields in
total was cal cul ated and converted into a count 15 per 1 mm2. In addition,
after hol di rd esdgionAl matFoycppat agmfacthotedl aye HeatlEd o 280ddegrives

Cel sius for one hour, the nmaximumwarp was neasured. This was foll owed by
eval uati on caccdrdiong t oohi chhéhe reapuinficdtivat p @ff 2 @M00r | esd neamd 20
suppressed deformation ( 0 ), whereas the anount of warp over 2mm neant

signi ficant awaep eraX)ing Hd tkall @£l sshows fidel ¥ eidden Zreclabl @atli dNos
Conposition Process Spray Form ng Anount of Warp Method Condition Conpound*
Nozzl e Gas (wmerherhaihi Q! eraPriassir e A (MR3)gh (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 ym X about 60 p m), thus taking reflected
electronic images. Using the WinROOF image analysis
scftware (manufactured by MITANI CORPORATION), 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 pgm or larger
was counted, and an average value of the three wvisual
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 of 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.



1 Al-2at 9N -
0.8 108000 o

Form ng 4 Al -2at %N -

Spray 3.5 0.8 110000 a

| at %0Nd For m ng,

| at % Form ng 3 Al - 2at %N -

Spray 3.5 0.8 58000 0 O0.5at%Nd Form ng 6 Al -3at %\ -
0. 6at %Nd Form ng 7 Al-4at %N -

2 Al -2at YN -

Spray 3.5 0.8 107000 O

Spray 3.5
| at YDy

Spray 3.5 0.8 61000 O O0.4at%\Nd Forming 5 Al -3at %\ -

Spray 3.5 0.8 70000 o
Spray 3.5 0.8 73000 O O.6at%Nd Form ng 8

Al -2at 9%\ - Spray 3.5 0.8 125000 0 2at%NdlForming 9 A -2at%\i- Spray 3.5 0.8

63000 0 O Sat % Form ng 10 Al - 3at N -

Spray 3.5 0.8 81000 O 0. 5at %r

Formng 11 Al-2at%\i - Dissolu- - - 10000 x lat%\Nd tion 12 Al- 3at %N -
Dissolu- - - 5000 x O0.6at%N\d tion 13 Al -2at %\i - Powder - 1500 x | at %Nd
Table 1
No. Composition Process Spray Forming Amount of Warp
Method Condition Compound*
Nozzle Gas (number/mm?)
Diameter | Pressure
(1oam ) (MPa)
1 Al-2atg&Ni- Spray 3.5 C.8 110000 o)
lati3Nd Forming,
2 Al-2at&Ni- Spray 3.5 0.8 108000 o)
lat?y Forming
3 Al-2at¥Ni- Spray 3.5 0.8 107000 o
lat%Dy Forming
4 Al-2atg%Ni- Spray 3.5 0.8 61000 0
C.4at%Nd Forming
5 Al-3atiNi- Spray 3.5 0.8 58000 o
0.5atsNd Forming
6 Al-3at¥Ni- Spray 3.5 0.8 70000 o}
C.6atgNd Forming
7 Al-4atgNi- Spray 3.5 .8 73000 o}
0.6at%Nd Forming
8 Al-2at&Ni- Spray 3.5 0.8 125000 o
2atgNd Forming
9 Al-2at%Ni- Spray 3.5 0.8 63C0C0 o
0.5at%Y Forming
10 Al-3at&Ni- Spray 3.5 0.8 81000 o}
0.5atsy Forming
11 Al-2at&Ni- Dissclu- - - 10000 x
lat@Nd tion
12 Al-3at%Ni- Dissolu- - - 5000 X
O0.6at¥Nd tion
13 Al-2ati&Ni- Powder - - 1500 x
lat¥Nd
14 Al-3atgNi- Spray 2.2 .95 40000 x
0.6at3Nd Forming
15 Al-3atgNi- Spray 6 0.5 27000 x
0.6atgNd Forming
16 Al-3atgNi- Spray 6.5 0.8 25000 x
0.6atsNd Forming
*  Compounds whose aspect ratio was 2.5 or higher and whose
5 equivalent diameter was 0.2um or larger




!

14 Al -3at%Ni - Spray 2.2 0.95 40000 x O0.6at%Nd Form ng 15 Al -3at%\i - Spray 6
0.5 27000 x 0.6at%Nd Form ng 16 Al-3at%Ni - Spray 6.5 0.8 25000 x 0. 6at %\d
Form ng * Conpounds whose aspect ratio was 2.5 or higher and whose 5
equi val ent dianeter was 0.2mor |arger 22 Table 1 indicates the follow ng.
Wth respect to No. 1 through No. 10 in Table 1, since the conpounds having
the size specified in the present inventidn are present in the specified
anounts, warp of the Al alloy plates would be 5 minor even after heating,
and therefore, when these are wused as l|large-size sputtering targets, it
woul d be possible to suppress thermal deformation during producing and use
of the targets. Tablehd davticates dshe ofoNeowinigt hr igh Nespest it Tabl e 1,
since there are only an insufficient nunber of 10 conpounds having the size
specified i A theopgéstint. lionventliabde viar piafceet Hee stomppumdd Heerisigrilfa cant
which w1l decrease the productivity of producing the targets and lead to
i nconveni engé zeursipeg ifded 1 Bxeapbece ahleyt iahesniral prebicaitnac hespr ay
form ng under the recomended conditions were rolled under various
condi tions, spanrd fiiked sdreitis oS wafrpAlofl kby pliat @31apd ghecdnf livanae be
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. 16

in Table 1, =since there are only an insgufficient 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 conditions were rolled under various 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 to those used for No. 1 through No.
10 described in Example 1, the intermediate materials were
encapsulated 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



over filmdeposition were exam ned. Mre specifically, 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 internedi ate
materials were encapsul ated and degassed, and thereafter pressed using an
H P machi ne. These were forged into plate-shaped materials, 25 rolled under
the conditions shown in Table 2, anneal e 400 23 degrees Cel sius) and then
mechani cal |y processed, thereby obtaining Al alloy plates of 8 nmt X 600
mm X 800 mm As in Exanmple 1, a cross sectional surface of each Al alloy

pl ate thus obtai ned perpendicular to the plane of 5 each Al alloy plate was
observed w tihgacascCesEips,) antd t hrenumdeerhof i caipouptscabose, aspecthrat i o
was 2.5 or higher and whose equivalent dianeter was 0.2 g mor |arger was

counted. AsgBriesuh. Anta\.mycemétégegft batmt Rene 9es enm ROULHY SReci fi ed
conpounds for each in this Exanple. 10 The orientation of the specified

conpounds was thgp ihderbinbied 1f r amSEM phat ogr aphs. sPrssEEDLRY chRhMANe
details, the nunber of the speC|f|ed conpounds whose nmjor axis direction

vas beyond 301degraes i &Hugemlﬁéﬁtagrpgm@m% Y\ﬂf%\@asp%@' el to

the plane of the target was 15 subtracted fromthe to nunber of

spectf 5ed cgampunds,1and LherLeaubl owas diul dediby the total dunher . the

speci f1ed conpounds e proportlon ‘fire conpounds

whose najorn@mbgrmea%éﬁgbgﬁgs whose aspect ratio was 2.5 or higher

and whose equivalent diameter was 0.2 pm or larger was
counted. Rs a result, it was confirmed fthat 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 stbtracted from the total number of the specified compounds
and the result was divided by the teotal 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 to the plane of the target was
calculated. An average value cof the three visual fields in
total was then calculated.

As for the number of bulky compounds, the compounds
whose equivalent diameter exceeded 5 um were measured in

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



the range of 30 degrees with respect to the direction 20 which was parallel
to the plane of the target was calcul 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 dianmeter exceeded 5 g mwere
measured in 25 the SEM phot ographs, an average value of the three visual 24
fields in total was cal cul ated and conveltded into a count per 1 mm2. Next,
targets of 5 mmt X 101.6 mmwere cut out fromthe A alloy plates and
subjected to a sputtering test 5 under the conditions bel ow Through arc
nmoni toring, the nunber of arcs during the first ten mnutes of sputtering
was countedfighbtein gslodwd tves reslttsatedit andt eonyeud®mc 410X 40<4ubi or

|l ess Ar gas pressure: 0.3 Pa 10 Ar gas flow rate: 30 sccm (5 X 10-7nB/5s)
Sputter powesr BQfmidW Anode- cat hode di stance: 51.6 nm Substrate tenperature:
roomtenperature 25 Table 2 No. Conposition Rolling Conditions Ratio of

Amount of Nunberyedef akaPyeeessofesp i i gned Bylior of mir aeass chhdol€)
Conmponent s Compounds Arcs

from the Al alloy plates and subjected to a sputtering test
5 under the conditions below. Thrcugh arc menitoring, the
number of arcs during the first ten minutes cf 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



-ing Rate (% *1 (nunber
10 400 86
Al - 2at 9N -
25 0.4at%\d 5 Al - 3at %N -

6 -

Al - 2at Ui -

3.2 30

80 6 -

55 3 -

80 6 -

5 400 70 3.1 62
0.6at%\d *1 O conpounds whose aspect
equi val ent di aneter was 0.2u m or

was within the range of 30 degrees

Rate Per /mmR) *2
| at 90Nd 2 Al - 2at %N -
10 400 93 2.6 23

10 400 94 2.5 19 0.6at9%N\Nd 7 Al -2at %N -

80 6 -

(% Pass (%
10 400 90 3 29
latvDy 4 Al-2at9%\Ni- 80 6 -
10 400 82 4.1 35 0.5at%\d 6 Al - 3at %N -
5 400 75 3 58

55 3 -

1 Al -2at 9N -

| at % 3

80 6 -

10 400 91 2.7

80

| at %0Nd 8

lat % 9P Al -3at9%\i- 55 3 - 5 400 69 4 69

| ar ger,

ratio was 2.5 or
t hose whose

hi gher and 5 whose
maj or axis direction
Wi th respect to the direction which was

paral l el toTekee 2
No. Composition Rolling Conditions Ratioc of Amount of | Number
Total Process | Temp Aligned Bulky of
Prccess ~ing (°C) | Components | Compounds Arcs
-ing Rate () *1 (number
Rate Per /mm?®) *2
(%) Pass
(%)
1 Al-2at¥Ni- 80 6 - 10 400 86 3.2 30
lat®Nd
2 Al-ZatgNi- 80 6 - 10 400 20 3 29
lat?y
3 Al-2at®Ni- 80 6 - 10 400 93 2.6 23
lat%Dy
4 Al-2at®Ni- 80 6 - 10 400 a1 2.7 25
0.4at’Nd
5 Al-3at®Ni- 80 6 - 10 400 B2 4.1 35
0.5at3Nd
6 Al-3at¥Ni- 80 6 - 10 400 94 2.5 19
0.6atsNd
7 Al-2at&Ni- 55 3 -5 400 75 3 58
latsNd
8 Al-2at%Ni- 55 3 -5 400 70 3.1 62
lat®?y
9 Al-3at¥Ni- 55 3 -5 400 69 4 69
0.6at%sNd
*]1 Of compounds whose aspect ratio was 2.5 or higher and
5 whose equivalent diameter was 0.2pum 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 equivalent diameter was over 5
10 nm



pl ane of the target *2 Bul ky conpounds whose equival ent dianmeter was over 5
10 um 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
5 approximately parallel to the plane of a target as in the case of No. 1
through No. 6 in Table 2 and production &® 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 targefabdapd sint Ntesandheonéodlondne . r arthasar thestemwnt ghe
wherein there are 5.0X109/ nm2 or nore conpounds whose 5 aspect ratiois 2.5
or hi gher aadewhbsedeqamwahentodi amppenundss 6p2cufiedr iargere wWrersesmtcr 0ss
sectional surface perpendicular to the plane of the target is observed at a
magni fi cati onvefit2080 orthbi ghefor2. aAhsAl dbhasetdbhoy cfputther i g crfigetd
according to 10 claim1l, wherein (a) the major axis direction of 80 % or
more of thecompounds is aligned with the direction which is

5 approximately parallel to the plane of a target as in the
case of No. 1 through No. & in Table 2 and prcduction of
bulky compounds is suppressed, it is possibkle to secure the
mechanical strength, sufficiently suppress development of
arcs during the 1initial 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 equi val ent dianmeter exceeds 5mis 500/ mMm®2 or fewer.
3. An Al -base alloy sputtering target according to claiml, wherein the
rare earth elenent is one or nore elenents selected fromthe group

consi sting of Nd, Y and Dy. 27

WHAT IS CLAIMED IS:

1. An Al-base alloy sputtering target comprising Ni
and one or more rare earth elements,
wherein there are 5.0X10%mm® or more compounds whose
5 aspect ratic is 2.5 or higher and whose equivalent diameter
is 0.2 u m or larger, when a cross sectional surface
perpendicular to the plane of the target is observed 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 to the plane c¢f the
target, and
15 (b) the number of bulky compounds whose edquivalent
diameter exceeds S5um is 500/mm’ or fewer.
3. An Al-base alloy sputtering target according to
claim 1, wherein the rare earth element 1s one or more

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



