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BACKGROUND ART
[0002] Conventionally, aluminum was used as a wiring material of semiconductor
15 elements. However, a problem of wiring delay began to occur with progress

in miniaturization and integration of elements, and copper, which has a lower
electric resistance, has been put into use instead of aluminum. Copper is
very effective as a wiring material, but copper itself is an active metal and
therefore has a problem of diffusing into and contaminating an interlayer
20 insulating film.  Accordingly, it is necessary to dispose a diffusion barrier layer
such as a Ta film or a TaN film between the copper wiring and the interlayer
insulating film.
[0003] In general, a Ta film or a TaN film is formed by sputtering a tantalum
target. In tantalum targets, it is hitherto known that various impurities
25 contained in the targets, gas compositions, crystal plane direction, crystal grain
diameter, and other factors affect the sputtering performance, such as the film-
forming rate, the uniformity of film thickness, and particle generation.
[0004] For example, Patent Document 1 describes an improvement in the film
uniformity by a crystal structure in which the orientation (222) is preferential
30 from a position in 30% of the target thickness toward the central plane of the
target. Patent Document 2 describes an increase in film-forming rate and an
improvement in the film uniformity by random crystalline orientation of a
tantalum target (crystals are not aligned in a specific direction). Patent
Document 3 describes that the uniformity is improved through an increase in
35 film-forming rate and a decrease in the variation of plane direction by
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sputtering surface of a target to be (110) > (211) > (200) through processes,
such as forging and cold-rolling, and heat treatment. In this case, however,
there is no idea to increase the sputter rate for improving the throughput by
controlling the crystalline orientation.

25  [0008] Furthermore, in Patent Document 8, a tantalum ingot is subjected to a
forging process in which heat treatment is performed at least two times and is
further subjected to cold rolling and then recrystallization heat treatment. In
also this case, however, there is no idea to increase the sputter rate for
improving the throughput by controlling the crystalline orientation.

30 [0009] Patent Document 1: Japanese Patent Laid-Open No. 2004-107758
Patent Document 2: International Publication No. W02005/045090
Patent Document 3: Japanese Patent Laid-Open No. H11-80942
Patent Document 4: Japanese Patent Laid-Open No. 2002-363736
Patent Document 5: National Publication No. 2008-532765 of International

35 Patent Application



Furthernore, in Patent Docunent 8, a tantalumingot is subjected to
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of the invention to provide a tantalum sputtering target useful for forming a
diffusion barrier layer such as a Ta film or a TaN film that can effectively
prevent contamination of the periphery of wiring due to diffusion of active Cu.
15 [Solution to Problem]
[0011] In order to solve the above-mentioned problems, the present invention
provides:
1) a tantalum sputtering target having a (200)-plane orientation ratio of 70%
or less and a (222)-plane orientation ratio of 10% or more at the sputtering
20 surface of the tantalum sputtering target;
2) the tantalum sputtering target according to 1) above, having a (200)-plane
orientation ratio of 60% or less and a (222)-plane orientation ratio of 20% or
more at the sputtering surface of the tantalum sputtering target;
3) the tantalum sputtering target according to 1) above, having a (200)-plane
25 orientation ratio of 50% or less and a (222)-plane orientation ratio of 30% or
more at the sputtering surface of the tantalum sputtering target;
4) a thin film for a diffusion barrier layer formed using the tantalum sputtering
target according to any one of 1) to 3) above; and
5) a semiconductor device comprising the thin film for a diffusion barrier layer
30 according to 4) above.
[0012] The present invention also provides:
6) a method for manufacturing a tantalum sputtering target, the method
comprising forging and recrystallization annealing a tantalum ingot obtained
through melting and casting, and rolling and heat-treating the annealed ingot to
35 form a crystal structure having a (200)-plane orientation ratio of 70% or less
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more at the sputtering surface of the target;

15 9) the method for manufacturing a tantalum sputtering target according to
any one of 6) to 8) above, wherein the rolling is performed by cold rolling using
a rolling roll having a diameter of 500 mm or more at a rolling speed of 10
m/min or more and a rolling ratio exceeding 80%;
10) the method for manufacturing a tantalum sputtering target according to

20 any one of 6) to 8) above, wherein the rolling and the heat treatment are
repeated at least twice, and the rolling is performed by cold rolling using a
rolling roll having a diameter of 500 mm or more at a rolling speed of 10 m/min
or more and a rolling ratio of 60% or more;
11) the method for manufacturing a tantalum sputtering target according to

25 any one of 6) to 10) above, wherein the heat treatment is performed at a
temperature of 900°C to 1400°C;
12) the method for manufacturing a tantalum sputtering target according to
any one of 6) to 11) above, wherein the forging and recrystallization annealing
are repeated at least twice; and

30 13) the method for manufacturing a tantalum sputtering target according to
any one of 6) to 12) above, the method further comprising surface finishing by
cutting and polishing after the rolling and heat treatment.
[Advantageous Effects of Invention]

[0013] The tantalum sputtering target of the present invention shows a high
35 sputter rate due to the controlled crystalline orientation of the sputtering
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and thereby has an excellent effect capable of formng a film having an
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The crystal structure of tantalum is a body-centered cubic lattice structure
20 (abbreviated to BCC). Consequently, the distance between adjacent atoms in
the (222)-plane is shorter than that in the (200)-plane, and therefore the atoms
in the (222)-plane is in a state being more densely packed compared to those
in the (200)-plane. Accordingly, it is believed that the (222)-plane emits a
larger number of tantalum atoms than the (200)-plane does during sputtering
25 to increase the sputter rate (film-forming rate).

[0016] In the present invention, the tantalum sputtering target preferably has a
(200)-plane orientation ratio of 70% or less and a (222)-plane orientation ratio
of 10% or more at the sputtering surface of the target. More preferably, the
(200)-plane orientation ratio is 60% or less and the (222)-plane orientation ratio

30 is 20% or more. Most preferably, the (200)-plane orientation ratio is 60% or
less and the (222)-plane orientation ratio is 20% or more.

In order to provide a stable crystal structure, it is preferable that the (200)-

plane orientation ratio be 50% or more and the (222)-plane orientation ratio be

30% or less. The lower limit of the (200)-plane orientation ratio is desirably

35 30%, and the upper limit of the (222)-plane orientation ratio is desirably 40%.
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For example, the (200)-plane orientation ratio (%) is calculated by
{[measurement intensity of (200)/JCPDS intensity of (200)J/Z(measurement

intensity of each plane/JCPDS intensity of each plane)}x100.
[0018] The tantalum sputtering target of the present invention can be used for
20 forming a diffusion barrier layer such as a Ta film or a TaN film in copper wiring.
Even in a case of forming a TaN film by introducing nitrogen into the
atmosphere during sputtering, the sputtering target of the present invention
can increase the sputter rate compared to conventional sputtering targets.
The sputtering efficiency can be thus improved to allow formation of a film
25 having an intended thickness in a shorter time than ever before and significant
increases in the throughput of forming copper wiring having the diffusion
barrier layer such as the Ta film or the TaN film and further in the throughput of

producing a semiconductor device having the copper wiring.
[0019] The tantalum sputtering target of the present invention is produced by a
30 process shown below for example. Tantalum having a high purity of 4N
(99.99%) or more is usually used as a tantalum raw material. The tantalum
raw material is molten by, for example, electron beam melting. The molten
tantalum is cast into an ingot or billet. Subsequently, the ingot or billet is
subjected to forging and recrystallization annealing. Specifically, for example,
35 an ingot or billet is subjected to press forging, annealing at a temperature of
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recrystallization tenperature to 1400C, cold forging

(secopdary forging),
and anneal i mifusturg, tveiserhealir seaimentc Al st dempesatuss 'E"Sﬁﬁ"ertaﬁﬁri“(?%ocgélﬁoc in
ﬁg't foogfe[ A g%%ﬁ%a’ﬁ;}bﬁﬁﬂé‘ﬁ%léb $R56 R sURdce SofPfld @4rgefl is HusjeRtdEnbat i on

finish processing such as mechanical processing or polishing processing to

25 give a final product.

[0022] The tantalum target is produced through the process described above,
and it is particularly important in the present invention that the crystalline
orientation of the sputtering surface of the target has a low (200)-plane
orientation ratio and a high (222)-plane orientation ratio.

30 The orientation is mainly controlled in the rolling step. The amount and
distribution of strain to be introduced during rolling can be varied by controlling
the parameters in the rolling, such as the diameter of rolling roll, the rolling
speed, and rolling ratio, and thereby the (200)-plane orientation ratio and the
(222)-plane orientation ratio can be controlled.

35 In order to effectively adjust the plane orientation ratios, modulation of



tantal um sputtering target of the present invention can be controlled by
adj usting the conditions for the cold&olling. Specifi caIchi}r,”Péo?%%g?% roll
having a | arger roll dianeter, such as a dianeter of 500 nmor nore, is
preferred. A higher rolling speed, such as a rolling speed of 10 mMmn or
nore, is pref , Eunth ' C f ] t 11 ng
only once, %oﬁ{j@ﬁﬂ?&]e%dﬁégrbﬁ Fégr%i%degdd?%@%%é?pg pHrPe %%rg}gagpnégorﬁ:@{sl%ﬁ of
per form ng févepraMidingprepet ¢260)-plane erientation retiveandr(222p plamet onéntatien f i nal
t hi ckness of the target tp _be the sane as that in the case of perform ng
the rol |1 ng "8 ynendiay QESHIMIBRY ARCTndAToBI MRy Gos st EhaBoies Rl .
15[ 0021] SubgraRgt bY ceRamt IEV&aIEBharasta?BEiESY B bENEproduesd alndur ftieéi 0 of
the tantal um sputtering target of the present invention can be controlled

t hbough t he detgrenined CPRGitiaRd t he heat treatnment by adjusting the conditions
for the heat tr t th I d i L calihy haher

t enper at ure of l?%%aé]ﬁgaa{ q%'ﬁg%?at%reﬁ??&b%%%gd%deﬁge atau?@”b) rggo%ét@&ﬁooc,
i s preferrediaméugf 500 2On aramioes adep eviting gpeadtdfel@umoorin af more and a

i ntroduced dur.ing roll}j heat trea t needs,. rat ure;. 00C
or nore for rBIF'BQ?%ﬁ'Cha% g%r cié}gt'gquezwss Hﬁﬁ}eu‘?ré’,%uﬁ;r@f bﬁﬂ%% '% Hgglf'ﬁ'@% at a
tenper at ur e thitgiseand BAY pké@GStidrsprReess thataddryachides tieblystallineoriertaton
surface of the target is subjected to finish processing gggg as nechani cal

prBcessing &f 16 PERPAY IMeoEiessy heo eptriexad-a i Aaserio € Q068K CPhe
tantal um t argg ibﬁs%?%%x%r m&léaghgtr%ﬂ?égﬁl fcﬁrgﬁ'fd Bard l%lﬂﬁl\éefan&rﬂsd)t I's

particul arly |Prlrgortant I'n the present invention t the crystalline
ori ent at i on sofficidrdlygpurfarmingrectystabizetiat ateheffectivget has a | ow (200) - pl ane

orientation ratiLo,and a hjgh 2) - pl i g r.at| h
orientation is n‘éf'iﬂﬁ?r{)qochnh%oﬁ(ré%uﬁhR}g%’g%( 3{“??‘?”“%%@%03%@ t$k#é8%?r%%-r%t &é:rrl]das

di stri buti omelfing, c&dting} foriging, rard> eblireyl isddesirably Gubjented dm réerysiailizatiomy
controlling the paraneters inr}({)he_ roll| n&, such as the dianmeter of rolling
rdPl, the r @NEANG fgiye FRFANLYNITYE PEYGH™®-and t her eby the (200)- pl ane
orientation ratio and the (222)-plane orientation ratio can be controll ed.
In order to effectively adjust the plane orientation ratios, nodul ati on of
PCT/J P2012/Bx@Be®stondi ti ons needs to be repeated to sone extent. However,

wh Giti P _ ) . . o and
(592 TBe' or g Biaeie? yErB8RRLN RSty b sekofbdd fy ERBIE, (e lchiRe
const ant ch@anmes srée dstehded ito daclitety uaderstanding ahd deanatclireit itise poegentan be

produced under the 5determ ned.condition. Usual ly, a target.is .
effectively "E)‘f%lﬁ'&@edqﬁéﬁﬁ o 'BF"I"ti“?ﬂj‘ AR |°t%%{v?¥?d“§‘eai%ﬁ§€fje?” g’fe é?fgmllﬁﬂlor
nore at a rqhdd sethensedes indéntdThie iAEiudRESn @slindehfbh.i Nng ratio of 8%to
12% in one pass, but the production process is not |limted to this, and any

pr odud®d26h prochsigntaiem i rastarey having @ putitn of 9-899%enwaci BiRlted WER t he
e amne oy R, SRR AR ol By} SEad ]y 833B8F pagAht on
suf fi ci ent | digreefeor ofi 1§5r eon.y s Sabkeguaentyn theeingbt avas \peess-forged at room
25 temperature into a diameter of 150 mm, followed by recrystallization annealing
at a temperature of 1100°C to 1400°C. The ingot was forged (primary
forging) at room temperature again into a thickness of 100 mm and a diameter
of 150 mm, followed by recrystallization annealing at a temperature of
recrystallization temperature to 1400°C. Furthermore, forging (secondary
30 forging) at room temperature was performed to give a thickness of 70 to 100
mm and a diameter of 150 to 185 mm, and then recrystallization annealing at a
temperature of recrystallization temperature to 1400°C was performed to give
a target raw material.
(Example 1)
35  [0025] In Example 1, the resulting target raw material was cold rolled with a



Furthernore, the tantalumingot or billet subjected to pro as
mol ting, casting, forging, and rolli né’ is desirably subj g&cr@%%ﬁﬁz/o%g&
recrystallization 15annealing to give fine and uniform structure.

[ Exanpl es] [0023] The present invention will now be described by Exanples.

The foll ow . . I f.agiki i d
oot |1 m Folng ol bEtG™ Bl of B8Ot 402 "BfihlyidpRe8 dBERTRATEhAS an
_exa{rﬁl es bas?_ﬂhg)rratidgeazf'z@z%nim@lal ithiekneds bh& presamd & diasmeteorof 529 il uded
in e inve on. t ant i al havi i f 995%
was nol ten %I{oweg éﬁé ?%&1@%@5{?@? agﬂbbﬁm.m”§ﬁ{)%%qqeéﬁl;§;ﬁ%n§a u%b&é? 8%1%%’ an i
i ngot havi ngofiskictRgfle 8ftakdd. N Svdaquetintalunt Bputteriny tavget haeng-4 or ged
at room25 ‘tenperature into a dianeter of 150 nm followe

r e&r%/st al lji gaistalrstaptesl hainaa é?Q@Tﬁi@fﬂ%uodﬁétaéipnlrf@G@ft@-Q%@@éﬁj arf@2d)ngot
was forge : i ur ol [ g,n,@s of
100 mm and ﬁﬂéﬁﬁ@@%@H}@goffgng.éﬁgﬂ}%\%ggﬁ@@&.r e%rr)@g}!a Lljgz'ggit@?lrsghﬁeél 1 ng at
a tenper at utargef gaee mysatsfadtant sputtarenate o OB Alsecitooioprore thé spHibeng

forging (secgndary 3Q, forgin t room-t erature was perforned to give a
t hi ckness pie%'f_ﬂ?’lcé' lgber’?ﬁ‘?‘gh%g%? %?%{“eﬁabgwwo to 185 nm and then
recrystal li zat ipie ghitestrg\eritlitichd wereagfalloavsof recrystal lization
tenperature to 1400C was performed to g{i ve a target raw material. (Exanple

1)035[ 0025] I n Exanplower Soure: déeal G4 tyBli® raw material was cold rolled
with a 9PCT/J ong%(ng?%gﬁwol ling roll having a dianeter of 650 nmat a
rolling speed of 20 nfmn and a rolljng ratio of 92%into a thickness of 8
mm and a di anet er blitirba@ vaqummlﬂmWéBdTQW heat treatnment at 1000C.

Subsequently, the ’E}‘égﬁﬁ?rﬁé""%g&@@@gﬁ@ﬂl A§hed to give a target. As a

result, a tantalu ving a 5 crystal structure having a
(200) - pl ane ori ent Spuerifigyas ppéssiBe 698 B0 Tarr(222) - pl ane orientation ratio
of 37.8% was obtained, Sputtering usi g this sputtering target gave a

sabi sfactory sputt SPUHEH 87“99.1%239@83 to inprove the sputtering
efficiency. (fﬂ@@mbfesﬂ ts are shown in Table 1. The sputtering conditions

were as foll'ows:
[0026] In Example 2, the resulting target raw material was cold rolled with a

rolling roll having a diameter of 650 mm at a rolling speed of 20 m/min and a
rolling ratio of 66% into a thickness of 24 mm and a diameter of 300 mm,
20 followed by heat treatment at 1100°C. This target material was cold rolled
again at a rolling ratio of 67% into a thickness of 8 mm and a diameter of 520
mm, followed by heat treatment at 900°C. Subsequently, the surface was cut
and polished to give a target. As a result, a tantalum sputtering target having
a crystal structure having a (200)-plane orientation ratio of 39.6% and a (222)-
25 plane orientation ratio of 34.5% was obtained. Sputtering using this sputtering
target gave a satisfactory sputter rate of 9.23 A/sec to improve the sputtering
efficiency. The results are shown in Table 1.
(Example 3)
[0027] In Example 3, the resulting target raw material was cold rolled with a
30 rolling roll having a diameter of 500 mm at a rolling speed of 20 m/min and a
rolling ratio of 91% into a thickness of 8 mm and a diameter of 520 mm,
followed by heat treatment at 1000°C. Subsequently, the surface was cut and
polished to give a target. As a result, a tantalum sputtering target having a
crystal structure having a (200)-plane orientation ratio of 40.8% and a (222)-
35 plane orientation ratio of 35.7% was obtained. Sputtering using this sputtering



i oPower source: direct current system Power: 15 kWU ti mat m._5x108
Torr Atnospheric gas conposition: Ar S‘butterl ng gas presﬁ?ﬁé’mé@ G390 r
15Sputtering time: 15 seconds (Exanple 2) [0026]In Exanple 2, the resulting
target raw material was cold rolled with a rolling roll having a dianeter

Chi ckness of2rBst Bavé Ats ARG, oftgr Bt of 851 Al o hpirgley In Spbfehnd) 1.0,
at 1100C. TeifgigrmygeTheatsulisdrerstovooindlalde led again at a rolling ratio of

67% into a k |ckn /guof 8 mMm and a dianeter of 520 nm followed by heat
treatnment a bsequently, the surface was cut and polished to give a

targefpozéys a rQEUEkam |ef anttﬁé Lr@s@mngtt@fgétgretvarrggrenaawasgc@ldcrcmetiawlth a
structure havi ng ane orientation ratio of 39. Grfgpand arg é) 25
/N

pl &ne ori enr@tln@moll gawagoa' duneles RES580TE Aka.rolpgisreedr 1 Mg
sputtering }&flﬁifr?%‘vcﬁ @!’)%aﬁﬂ o Bt riés%pé\‘t 58 mAPhRdY c%rﬁété?"%ﬁ'%@(? nhrﬁpr?ve

t he sputtering Icie eres ts are shown I n Exanpl e
[0027] I n Exmwvmoebytmmatrteeathtenugatth‘r@éc r dhisrtarget mataaal W@BCDQM)IFDH;QFI with

i min and acPai 7 oibd co bR i SerieRRete At Shind GaiRIstetad e, o1

520 mm fol lawetblibwedest hbat@éatansnt ait 90000C. Stbbeuerdlyt the stfeceswas ace was
cut and pollshed to

g ot ol b el oy o o
go 8% and ag( ﬁé&h?@ﬁaﬂhpe‘i‘ [250)Plahé blien@itiod Tatl§oMas. BR N (222)-
puttering Gs1 i sputter
plane orlentatlon ratio of 32 7% was obtained. Sputtering using this sputtering
target gave a satisfactory sputter rate of 9.18 A/sec to improve the sputtering
efficiency. The results are shown in Table 1.
15 (Example 5)
[0029] In Example 5, the resulting target raw material was cold rolled with a
rolling roll having a diameter of 650 mm at a rolling speed of 15 m/min and a
rolling ratio of 90% into a thickness of 8 mm and a diameter of 520 mm,
followed by heat treatment at 1200°C. Subsequently, the surface was cut and
20 polished to give a target. As a result, a tantalum sputtering target having a
crystal structure having a (200)-plane orientation ratio of 53.4% and a (222)-
plane orientation ratio of 21.2% was obtained. Sputtering using this sputtering
target gave a satisfactory sputter rate of 8.96 A/sec to improve the sputtering
efficiency. The results are shown in Table 1.
25 (Example 6)
[0030] In Example 6, the resulting target raw material was cold rolled with a
rolling roll having a diameter of 500 mm at a rolling speed of 20 m/min and a
rolling ratio of 92% into a thickness of 8 mm and a diameter of 520 mm,
followed by heat treatment at 900°C. Subsequently, the surface was cut and
30 polished to give a target. As a result, a tantalum sputtering target having a
crystal structure having a (200)-plane orientation ratio of 55.4% and a (222)-
plane orientation ratio of 20.4% was obtained. Sputtering using this sputtering
target gave a satisfactory sputter rate of 8.91 A/sec to improve the sputtering
efficiency. The results are shown in Table 1.
35 (Example 7)



10PCT/ JP2012/ 079598 target gave a satisfactory sputter rate of 9.19 Alsec
to improve the sputtering efficiency.he results are sh& HPRORAE P8, .
(Exanmpl e 4) [0028]In Exanple 4, the resulting target raw material was cold
rolled with a5 rolling roll having a dianmeter of 650 mmat a rolling

speed of 15 mim d Ll | j 629 i : i

2P e 2B or J0oERmPRor dedeahThadRisteRid i8R WascEaesRigh i BT an

g}at gr Imil wgsmm? ol hhViag agrinmetat 08 500Irhimngt a ablling afpe@dlofi 10 m/min Bndlkness
an a |

di anet er f052 mm,, fol |l owed by heat, treatnment at 0C.
SubsequentlW"'@%éagﬁrqfag%/"y\}é’go cﬁjﬂh'ﬁﬁ“esénﬁpéohrgh@bd @0%5‘\'{‘}365 aﬁ%gtmmAs a
result, a talifoRled by REAL BEathter 3t 9abohavi 89b§eqzijéfﬁw,aihesédrfﬁébw@5 batvamy a
(200)-plane orientation ratio of 45.2% and aré 22)- plane orientation ratio

of 5 _32]; 7% wapobshed tregivespdargsti nds s reslt 1|4 tandglunt spvtteyinctajget havegd

sati sfactor t r.at ' V&t bt end

efficiency. %?%géirgétg’{ﬁtlf% @?\gﬁg%o@q%ﬁ%%bgeh%@(@gﬁl %?.g{o ?gg%lezr?)-
Exialnplhe 5, blwaa_r@%ﬂtﬁiim;&tm@‘em.s%/wanbbtaimd.V\/aSplaitﬂrmglaﬁih@ttl'liwisphttarimgal l'i ng
ro aving ,a djaneter of .650 mm a rolli eed of 15 m.m .

rol ling rat f¥96F 98¥8A ?ﬁq?f%l&?wl %&‘ﬁ@sr aiﬂ Ogb% %‘%fcatog'm{gi’%lﬂ%g pg@%‘%‘n

fol l owed by chpdndy’ eFhERBEUIR ark2fwn Priasiguent |y, the surface was cut and
20 polished to give a target. As a result, a tantalum sputtering target

haQing a crysxampkt8lct ure having a (200)-plane orientation ratio of 53.4%
and a[c{ogzlz)- Pl) NExQnbR)B2the Tekafihg @Pgétlra%%maériapwsneém ekt ®ith g

usi ng'thi's sputtefring target gave a satisfactory sputter rate of 8.96 ks
to inprove rdiing polt havingg didmeteenf pO0The atsubllisgapeesdheind minmalend a .

25( Exanpl e 6),.[0030] | e 6,1t I i . i
cold rolled" "{’91 ra% qu}l Eﬁg’%ﬁ%a ﬁg'\(}Pe%Srsg%giéahﬁﬁeéﬁ%%eé%ﬁ%%%%aé@gwﬁ?ig
speed of 20fgNgHel Bptheat frebirhagt 40000 f IAsaquiently thbistkiaessvad cét amd and a

di ameter of 520 mm fol |l owed by heat treatnent at 900C.
subface was Pelisheghtp give a target.y As a reSLﬁt, a fantalum sput?erinsg:]u §'r88t“ﬁ2\t/i'n ‘al he

ec

crystal structure having a (200)-plane orientation ratio of 69.8% and a (222)-
plane orientation ratio of 12.1% was obtained. Sputtering using this sputtering
target gave a satisfactory sputter rate of 8.66 AJsec to improve the sputtering
efficiency. The results are shown in Table 1.

20 (Comparative Example 1)

[0033] In Comparative Example 1, the resulting target raw material was cold
rolled with a rolling roll having a diameter of 650 mm at a rolling speed of 20
m/min and a rolling ratio of 80% into a thickness of 8 mm and a diameter of
520 mm, followed by heat treatment at 800°C. Subsequently, the surface was

25 cut and polished to give a target. As a result, a tantalum sputtering target
having a crystal structure having a (200)-plane orientation ratio of 77.2% and a
(222)-plane orientation ratio of 9.6% was obtained. Sputtering using this
sputtering target gave a low sputter rate of 8.27 A/sec to cause a decrease in
throughput. The results are also shown in Table 1.

30 (Comparative Example 2)

[0034] In Comparative Example 2, the resulting target raw material was cold
rolled with a rolling roll having a diameter of 500 mm at a rolling speed of 15
m/min and a rolling ratio of 80% into a thickness of 8 mm and a diameter of
520 mm, followed by heat treatment at 800°C. Subsequently, the surface was

35 cut and polished to give a target. As a result, a tantalum sputtering target



30 polished to give a target. As a result, a tantalum sputtering target
havi ng a crystal structure having a (i@)O)-pI ane orient at i'on 42l 078596?)5.4%
and a (222)- plane orientation ratio of 20.4% was obtained. Sputtering

using this sputtering target gave a satisfactory sputter rate of 8.91 A/sec

to i nprove . SP I i.GJ | & i )

35( Exanpl o ROnDBERRIA RS Eh e FIEBREY p AP NERE creoflfnSaRyR 78 TR 2 4

t?r ggto raw r(razz)npllalhevmﬂeruaﬁaciih rrfatibeof B8i3% wasodbtaimgd: ol Sputtaringg uaingi thiet er

o] mmat a.rollin ee 10 m n._an rolli rati f _90% i.nt

t hi ckness oﬁthtﬁW%Wgﬁfg?ﬁ%@ﬁQW Ty dampﬁgﬂﬂﬁ&hqﬁﬁ%'ﬁ% 5?‘3&??1%?&@ gta
1400C. SubsegpéeBhbifi. tTHR @eUitdare ¥RS sHowrRindrdble nol i shed to give a target.

As a result, a fantalum sputtering target having a crystal structure having

a $200)-pl grﬁggﬁm%ﬂﬁ!\&ﬁ:—wp@&b of 63.9% and a (222)- plane orientation
r at . 8% Lped. i i i j
at1o (%bg?, IWaéoﬂ#Brag{aﬁ\?éjfEéﬂ‘ggéeﬁ' fHe Pééd?t%%%r@eﬁ%lw ﬁ{dtté}filalt\ﬁégeéokgave a

sati sf ry sputter e o ksSec to I nprove the sputtering
ef fici ency. rdlked nithua rallivg eols havingi an dieahéter of 400(Araabbeoling sse] ofh10

Exanple 8, the .resulting target .r mat eri.al l,d_rol | ed wi rellin
roll having yp arroglpgg@gor% 'Zﬁ’%dn o?ltﬁlr?é\r,@%seéﬁ Somﬁéhﬁ%ﬂnérﬁ%%r :9? )
rol I'i ng ratigpoomn$2fsllbred By Heiat kitesment aB 110020d Subsequdrdly, tie Sifaoen

foll owed by heat treatnent at 900C. Subsequently, the surfaFgﬁs was .cut ,and

180pol i shed Was @itvandapelishgeto give a targelil tAs A resitb A RN sRteRgoardgtt
having a Crylita & CHAFIRARE ik 63000 PlapBDrRhtAIAelg b 8L3% dHd £9. 8%
and a (222)- plane orientation ratio of 12. 1% was obtal ned. Sputtering
usi ng this $p22Felanagotientgtion gatie af S:8%svast obtaingslit t Sputiering osing. BES A/ sec

LS omon . LGB SoeE e LB AR b BUELARRE D A Bt
target raw nRicRighplt. WeFhec@stilts are also shown in Table 1.

15 (Comparative Example 4)

[0036] In Comparative Example 4, the resulting target raw material was cold
rolled with a rolling roll having a diameter of 400 mm at a rolling speed of 10
m/min and a rolling ratio of 75% into a thickness of 8 mm and a diameter of
520 mm, followed by heat treatment at 1200°C. Subsequently, the surface

20 was cut and polished to give a target. As a result, a tantalum sputtering target
having a crystal structure having a (200)-plane orientation ratio of 87.5% and a
(222)-plane orientation ratio of 6.8% was obtained. Sputtering using this
sputtering target gave a low sputter rate of 7.83 A/sec to cause a decrease in
throughput. The results are also shown in Table 1.

25  [0037] As shown in Examples and Comparative Examples, the targets satisfying
the conditions of the present invention show high sputter rates to improve the
throughput. The relationship between crystalline orientation and sputter rate
in Examples and Comparative Examples is shown in Fig. 1. As shown in Fig.
1, it is revealed that the sputter rate increases with a decrease in (200)-plane

30 orientation ratio or an increase in (222)-plane orientation ratio.

[0038] [Table 1]
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First time

Heat
treatment
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900°C
1400°C
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800°C

800°C
1100°C
1200°C

Rolling
ratio
92%
66%
91%
65%
90%
92%
90%
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80%

80%
78%
75%

Rolling ratio
in one pass

(%)
10~12
8~10
10~12
10~12
8~10
8~10
10~12
10~12
8~10

8~10
10~12
8~10

Rolling

speed
(m/min)
20
20
20
15
15
20
10
20
20

15
10
10

Rolling roll

(mm)
650
650
500
650
650
500
500
500
650

diameter

500
400
400

Example 1
Example 2
Example 3
Example 4
Example 5
Example 6
Example 7
Example 8
Comparative
Example 1

Comparative
Example 2
Comparative
Example 3
Comparative
Example 4

[0039]

INDUSTRIAL APPLICABILITY

The present invention provides a tantalum sputtering target that shows a



520 mm foll owed by heat treatnent at 1100C Subsequent |y e
was cut and polished to give a target 4As a result, a tarﬁcg‘%ﬁp@z(ﬁlgg%arl ng

target having a crystal structure having a (200)- pI ane orientation ratio of
85.3% and a (222)-plane orientation ratio of 8.0% was obtained. Sputtering
using this tterd rget e S r fhéause
a decrease ?‘Fglh %5%%%@3? htg%\és% tsé?lgp ea'g%{sagirnse h&I‘I\/\(néin tQﬁorJBI_og;‘ﬁéé\'%ﬁGtt.é ¢
15( Conpar at is,uﬁaEe(@mmhetanr);et 808 Ghérebgdrgsaamtexeelldhbt aafieick capablheoffesaingiang

target raw scod ol |l ed \Mtharollln roll v, amster
of 400 nm a?ﬁﬁ?‘@éﬂr\q %@iﬁﬂ’@‘l’ CkESHM AP NRAF e fQ qr%%serg}%thrcg‘}g%;)g%l nto a
thi ckness of Sma&aﬁtamrﬁlé\@mteerngotar@aﬁ dfMihef présamtdnbentisrats tpramtumm at
1200C. Subsequently, the surface 20 was cut and Ol'fﬁﬂgd to rget.

Asba result usafutlé@ﬁfgrmmgspudlfa‘wom@arréﬁrd@vehawmese? & yip Qr %frg“cfﬁ'iﬁ'rt@a avi ng
a (200)-pl a t ° ) i

ratio of 6. \C/g}affse%g%?gl nedérﬂggﬁ%ﬁrnlgggﬁﬁ?%pt@%éﬁg’gpoljﬂngﬁ r?gbttg%ﬁdlég){gve a
| ow sputter dfabtweJCUY.SS Alsec to cause a decrease in throughput. The
results are also shown in Table 1. 25[0037] As shown in Exanpl es and

Conpar ati ve Exanples, the targets satisfying the conditions of the present
i nvention show high sputter rates to i nprove the throughput. The

rel ati onship between crystalline orientation and sputter rate in Exanpl es
aRrfl Conparative Exanples is shown in Fig. 1. As shown in Fig. 1, it is
reveal ed that the sputter rate increases with a decrease in (200)-plane
30orientation ratio or an increase in (222)-plane orientation ratio. [0038]
[ Tabl e 1] 14PCT/ JP2012/ 079598 hi gh sputter rate due to the controlled
crystalline orientation of the sputtering surface of the target and thereby
has an excellent effect capable of formng a film having an intended
thickness in a short tine to increase the throughput.



The tantal um sputtering target of the 5present invention is particularly 5
useful for forming a diffusion barriet®|ayer such as a Tﬁ’cﬂ'ﬁf’?ﬁgfmaw\saN
filmthat can effectively prevent contam nation of the periphery of wring
due to diffusion of active Cu. 10 15PCT/JP2012/079598 CLAI V5 A
tantal um sputtering target having aqlég -plane orientation ratio of 70% or
| ess and a (222)-plane orientation t of 10% or nore at the sputtering
surface of the tantal um sputtering target. The tantal um sputtering

target according to Claim1, havi 200) - pl ientati L f 60%
o [osESa 4 (222) ASPARLIGPEHEHRS GOPRUNGR BV IatbPaeRatpRaato of | °0
sputtering surfageg, g néé&fﬁgaﬁ @%aaﬁét&rénmmm% of 10% of Morleast eeum

sputtering target accor m 1, having a (200)- plane orientation
raki o of 50% or spettaringneurfaqe2ofhe tantabing sputierang taigetati o of 30% or nore at

the sputteriag surf L] i ; i il
for a 'l?mgiTon bar?ﬁg;grﬁtgb@?sb@ﬁ@ﬁ@g@%ﬁé#@&@ JF?Q?%&F%‘/IS :[Aagé(ygg_r d: nm
g
Eﬁ' an]y_ lone]c of Cb@jn];&?orierttaticﬁm ratio of ;SO%eUi lnssdwgc_l ar(2@8y-plemecomngntatom gatiche
infilmfor a diffusion barrier |ayer accor i i A, et hod
for manufacturi ﬁgz‘&o/%%frﬂ‘ﬁf%ﬁﬁ %‘&ﬁ%@%ﬁg W&éﬁ@éfﬂ?%é%ﬁgFﬁ%%rBLﬂwgitﬂ%&m °
forgi ngo@nﬂ gpecryst Thé tZeIMR sBOREHG Rfgat Aédtraingoi Clamh 10 hb@ingesl(20D)ough
melting an asting, and rolling and heat-treating the anneal ed ingot to
}‘ o m a gr yst glzzplan@ct‘t)mﬁréamrﬁg? af POYopr frsenend gi @RRAPIA5E PrERNHBLIRN Talys, or
[ e52 a0 2 (222} Bhare e Bl ) b Pocd GAE WRABPLp g 1
sput t e{Clagmt4dr get adctbirdifimg foo aQliffusios, barhier imtenddrroednusirg the Spuienng and
e

recrystallizatipn annealing .a tantal i ngot, .obj ai ned through nelting and
casting, and rofqrgﬁga%d'ﬂgép-qnﬁ’é?éﬁ #&éfﬁﬁﬁsa&ﬂgﬁ ed ingot to forma crystal
struct geRiAd]i Ng a A288Middrieto?’ dentat ésmphigihgothel tHAY%ilaT foess diffiien

(222)-plane orientation ratio of 20%or nore at the sputtering surface of
the target. barries layarasgording iklaiatduri ng a tantal um sputtering target

accor diRg: Caimg, o] 1,ShA9 4f j [ ion
anneal m%"é%llant al u% m%lﬁ?ggﬁ}aﬁ]e t%ﬂ#@h hang*fr??ﬂ’g“ Z%téeﬁ@??’%@bgngﬁé
rol 1ing and heamdthedtéanptisieg diorging eand rrgotystallizagiom anoeslingala santakkiur e

hav 79 2, (200) PRipeSgbgR ARl QB SRR SRR RS,
The nmethod for fRnunealsd Mgst tafomh ua eutal estruntureahgeingaac (20l)+plane any
028 of Gaims GOEignt%’tiomgtrig Io? 7%)&?0; Perlslann é?ZEf)r-r];lgEen%gietr)\Yation ratio of 10%

or more at the sputtering surface of the target.

[Claim 7] The method for manufacturing a tantalum sputtering target
according to Claim 6, the method comprising forging and recrystallization
annealing a tantalum ingot obtained through melting and casting, and

25 rolling and heat-treating the annealed ingot to form a crystal structure
having a (200)-plane orientation ratio of 60% or less and a (222)-plane
orientation ratio of 20% or more at the sputtering surface of the target.

[Claim 8] The method for manufacturing a tantalum sputtering target
according to Claim 6, the method comprising forging and recrystallization

30 annealing a tantalum ingot obtained through melting and casting, and
rolling and heat-treating the annealed ingot to form a crystal structure
having a (200)-plane orientation ratio of 50% or less and a (222)-plane
orientation ratio of 30% or more at the sputtering surface of the target.

[Claim 9] The method for manufacturing a tantalum sputtering target

35 according to any one of Claims 6 to 8, wherein the rolling is performed by



16PCT/ JP2012/ 079598 cold rolling using a rolling roll havi n(r:; a di anet er of
500 mMmor nore at a rolling speed of %i) mmn or nore ana’Cé[JPBW{%’a5‘-’+8at|o
exceeding 80% [C aim 10] The nethod for manufacturing a tantal um sputtering
target according to any one of Clains 6 to 8 wherein the rolling and the

heat 5 treatmepi rlq ing etfsﬁﬁé %ﬂf&ﬂ‘tng: r%ﬂ%a\ﬁ%ggdi%ﬁggertdﬁf%dook%ggnrdlﬂ&rg?.ﬁrdc or med

by cold rolli ngcﬂlgl havi ameter nore at
a rolling SpeedrdilfnngpdSédTbﬁmm/nﬁm er arateandod rolliny ratioi exoeledBRPB8AH6. nor €.

c 11] The et hod f | ing t
ccor IFBITA Ohny. ondher ePEPHs 161 ¢ BATGIAGNAN, A (AN, PHEatARniTog!
10perforned at gotsaReY & Hh§ ot S0CRIMS 649@CwHErbiAl theldliHgeand the Aehor

manuf acturing a tantal®um sp utterlng] target according to any one of Clainms 6
to511, wherei n tragtmentaragennatedetr 9@$tetquez@nddheéﬁﬂeall$ ﬁgrfa%e¢ O¥EA%®d at

oot o, [KalR Bk P g B e SR it bRy
conpri si ng surf gpeed ohil8 m/ngnloy noaretantha soling caticsofi 6lifoairtneore; he roI ling and
heat ti&alm 1% The method for manufacturing a tantalum sputtering target
according to any one of Claims 6 to 10, wherein the heat treatment is
10 performed at a temperature of 900°C to 1400°C.

[Claim 12] The method for manufacturing a tantalum sputtering target
according to any one of Claims 6 to 11, wherein the forging and
recrystallization annealing are repeated at least twice.

[Claim 13] The method for manufacturing a tantalum sputtering target

15 according to any one of Claims 6 to 12, the method further comprising
surface finishing by cutting and polishing after the rolling and heat

treatment.



