; €3eh0eJIKTLXDMO6LOTQI XM 1 CONTOURED SPUTTERI NG TARGET Fiegd f tm@z
"I nvention The present invention rel y to sputterin @5}%
‘and,- nore p@b%b§ﬂ5§rly’ to sputterlﬂWWWMH@wg&mhL use in 5 pepeessiiem a
substrate or "wa n a sputtering system round of the Invention
Sputter coating refers to a process for R tlng a substrate, such as a
sem conduct or wafer, within a vacuum hanmber of a sputtering
system In the sputter coating 10 proWMﬂﬂNMﬂW”@mmlled electric field
positively biases the wafer relative to an OC@g,posmely nmount ed, negatively
bi ased target nmade of sputtering material. ce the processing chanber is
evacuated, an inert gas is introduced into the chanber at a | ow pressure,
and the applied electric field ionizes the process gas. As a result,
positive 15 ions fromthe gas bonbard the target to cause sputtering of the
target material onto the wafer in a thin film A nmagnet or 2 7 FEB 2u02
WO 991 63128 PGINS9911160.i .2 el ectronagnet may be | ocated behind the
target to provide a magnetic field above the surface of the target facing
the wafer to confine the ion "plasm" adjacent the target, and thereby
enhance the sputter coating operation. 5 Sputtering targets are typically
formed as a generally circular disk of target material, such as al um num
al l oys, gold, silver, copper, titanium titaniumtungsten or platinum The
di sk of target material may be sol dered ar1 ot herw se bonded to a supporting
target backplate to forma replaceable sputtering target assenbly. 10

During the sputteoRYIOUREMEPUTTENMNG TARGET sputtered fromthe top surface
of the target and depoSited on the wafer. The sputtering material typically

erodes unevenly el §°Sfti hef ﬂw or face of the target exposed to the

wafer, with sone get eroding nore quickly than other areas.

15 To overcone this probl erﬁ] some sputtering equi pmrent enploys a variation
P

of the magnetic field, or tArpseNt inventipmrriptesrgenerally saspusieringe t ar get ,
or both, to create a generally uniform

systems and, more particularly, to sputtering targets for use in
5 processing a substrate or wafer in a sputtering system.

Background of the Invention

Sputter coating refers to a process for coating a
substrate, such as a semiconductor wafer, within a vacuum
processing chamber of a sputtering system. In the sputter coating

10 process, an applied electric field positively biases the wafer relative
to an oppositely mounted, negatively biased target made of
sputtering material. Once the processing chamber is evacuated, an
inert gas is introduced into the chamber at a low pressure, and the
applied electric field ionizes the process gas. As a result, positive

15 ions from the gas bombard the target to cause sputtering of the

target material onto the wafer in a thin film. A magnet or



sputtering rate across the face of the target. Typically, the out rﬁd-jaﬁé
+ region of the target has been nade thicker than the central 20 egiF o1
‘the target . T rget may include a concave region forned i get

+ face or evé‘fpé}%ﬁ%ﬁ%e formed through the center 2 7 FEB 2@5&V/\% /917%5128
PCTJUS991 | 1b0.i -3of the target. Sputtering material is eroded fromthe
target until the target is no |longer able to provide the desired coating
features on the wafer) At that tinme, the target assenbly, consisting of the
eroded target and backplate, is replaced by a new target assenbly. 5 In
titaniumnitride (Ti N sputtering, for e le, a titaniumsputtering
target and backpl ate assenbly is nounted in the vacuum processi ng chanber
with exposed surélactroofagries may dpetiotatsicnpehinddhe targetidoaovigis achanber is
evacuated, and then filled with nitrogen gas that ionizes in the presence

of the applied ehpgnetie fithd Bbele thE@sirfack@fite@sargeerading thé wdfer fy ocess gas
bonmbard the tup surface of the target and cause titaniumparticles to be

sputtered toward - er. LGt g ' t Liani um
particles chem c%(}%%aec{or\m%l%g‘?‘%e a%??crseg\gtéﬁg#r@gggﬁggi&? (b)y? gp%nhégt hi n
filmof titaniumnitride on the wafer surface. 15 An inportant aspect in
sputter coating b¥ SRHESTSCAHINMPPIANATY of the fil m deposited onto the
wafer. As the anount of contam nants within the sputter processing chanber
i ncreases, 5t he waf er produSpuiteeind tdegetsase sypisaliynformed es aagenersiiyred on
the wafer. For exanple, in titaniumnitride sputtering, TiN nodules are 20
known to form on.; t el f . i fL t he
central portion %l?g@ﬁge%r(geﬂtap%st @%g‘?@?ée a%}%ﬁ%lg%ﬁg??égéb@l?h%%r, VO
99163128 PC TNS99/1 1604 -4 outer, per.i Eher al edlge of tgﬁ t rkge face rather
than on the waf eFOPBRL RN MAY WANHBIHAGSEPL AR FHRYM hdNiRE BIHEr &t have a
tendency to flake and generate contam nating particles that adversely
affect the puritpnaieriashmagdmosolideded ior ahemvise bondedftol arsoppotimgwaf er .
Since TiN 5 particle generation becones worse with increasing use of the
target, the 1arggloBUsheRfaRPld 7l rkpidtenbleldARRMIrPIrBENEMB.
accept abl e device yield. Target conditioning is achi eved by conducti ng

tant um oy SPHLEE S QA9 PERLHSHors YRSl R el 8 o

surface of the target and deposited on the wafer. The sputtering
material typically erodes unevenly across the width or face of the
target exposed to the wafer, with some areas of the target eroding
more quickly than other areas.

15 To overcome this problem, some sputtering equipment
employs a variation of the magnetic field, or multiple, non-planar
erosion zones on the target, or both, to create a generally uniform
sputtering rate across the face of the target. Typically, the outer
radial region of the target has been made thicker than the central

20 region of the target. The target may include a concave region

formed in the target face or even a hole formed through the center



10 only sputtering causes the Ti N nodules held on the target to b? }Fféeﬂﬁfd
- and.deposited on the non-product substrates. \Wile the periodi c2

condi ti oni qgog%@jlgpgs the usable life of the target by renorcnysishesos
contam nating Ti N nodules, it requires stoppage of the wafer coating
production line and results in downtinme of the 15 sputtering system Thus,
notw t hst andi ng known contouring of sputtering targets and nodifications to
operation of sputtering systens, nodule formation on targets has been a
problem particularly in titaniumnitride gputter deposition. In the past,
one- pi ece sputtering targets have been 20 Yade that include steep-angled
bevel s forned adj acent the guter .edge of, f,he targgt to reduce re,g osition
of TiN particl esOhthiftarget. Sputiering MatgHa! \Erogesnom hetress LM -5- 1
outer surface of the target. fn U S. Patent No. 5,538,603, for exanple,
bevel s are for nethragd} Boemtorider able &3 pealgde difie desiredrogpatingfastwepen at an
angle of at least 30 with respect to the planar face of the target, and
preferably at a giealafér. ARG time the tArget 46ferhbh), dorisiing' @i gt ory of the
backscattered atons will cause the atons to mss the outer surface of the
target altogether. The, stee ngles_of .the bevels are also.chosen,to reduce
the thickness of ef‘?%e(ﬁﬂf@@{ g%@jbgeﬁégﬁ't‘if%‘tl?%"r‘?bérﬁ Bﬁ‘é’?targeéc?gséeww‘ncrease
the sputter deposition rate near the tapered target edge. Thus,
backscattePed Ti N particl e ipnitvatnitide (1Y) spdttedagpissiexaompleh@ target are
nore likely to be resputtered onto the wafer or substrate. However, the

steep tapered ta&i@ii@nﬁgmﬁé@ eargeesRd bacpsiate bS¥mBR Rahoanelinttee t he
same Ti N nodul e formation problens associated with sputtering targets

mounited 1o tar gep BRCKRIALENSIh A0 iidbosbl frdcd & MEs T

Sputtering target an pl'at € asse uces generati
contam nating particles f%omgnodul es th orm duri ng a spu}d,teri ng
™ R

t may .f
operation. Theref?dngaya &§ Yaguum §B§F’tt%efri'$1§\’?‘é‘|‘%}@fjf @ ther ket e
assenbly that requires | ess periodic conditioning during the fife of the
target, 20 therelwithh agtddemgas thdtésisizey it e pesehtewfahd apptiedetdaton i n
prevent ative nmai ntenance. W O 991 63128

10 field. Paositive ions from the plasma process gas bombard the top
surface of the target and cause titanium particles to be sputtered
toward the wafer. During the sputtering process, the titanium
particles chemically react with the nitrogen process gas to form a
thin film of titanium nitride on the wafer surface.

15 An important aspect in sputter coating of wafers is the
purity of the film deposited onto the wafer. As the amount of
contaminants within the sputter processing chamber increases, the
wafer product yield decreases as impurities are formed on the
wafer. For example, in titanium nitride sputtering, TiN nodules are

20 known to form on the sputtering face of the target as material from

the central portion of the target is sputtered and redeposited on the



-6 Summary of the Invention PCTNS99~' 116~O.t The present invent bop R 2002
overcones the foregoing and ot her shortcom ngs and drawbacks of the‘F
:sputtering targets heretofore known. Wile the invention w ri bed
inb5 conneé’(?%ﬁﬁemath certain enbodi ments, it wll be under sﬂt,%{)/gggtgﬁgﬁﬁt he
invention is not limted to these enbodi nents. On the contrary, the
invention includes all alternatives, nodifications and equi val ents as nmay
be included within the spirit and scope of the present invention. 10 In
accordance with the principles of the present invention, a contoured
sputtering target is provided that includes-a target member of sputtering
mat erial having a top surface or face designed to be exposed to, and
confront, the wafcerteopespiberat etdge betheytacgettfade rathsirahan dsotheowagen f ace
typically bonded or otherwise 15 joined to a conventional target backplate,

and an outer periqi{PtheSsihddrthg GYEifidnatHPTIN AHHDESORAFRE iteRdERCyRto
processi ng chanber, sputtered material is ejected fromthe top surface of

R LR R

contoured annul ar region fornmed on the top surface that extends radially
i nwardly a predetrarity eétheidepasited titapmymHutride (o o9y ¥e wefercThirssnl N 604
outer peripheral surface and away fromthe bottom surface. The cont oured

annul ar reg on W&)art'iﬂ@lﬁ&%r@ti@ﬁ paesmeLniees with i@cr’éééinf'gsﬁéb sfittiatsgktat
extends radially inwar and away fromthe bottom surface. The target

. y .
menber may furth%elt e‘t"ijﬁu tfghé%‘?iagppgﬁg@s@ggél}gﬁ_ﬁhﬁgé@r%@essed regi on

formed in the top sSurface o t he contoured
annul ar region. In an alternativye enbodi mrent of the present invention, at

| east two contouﬁﬁﬁ98ﬁ§ﬁ¢gﬁvw@gﬂ@ﬁs may be formed on the top surface of the
target nenber. One of the contoured annular 10 regions is fornmed radially
inwardly fromthe other corfargetecbraditiohiag is @ghimveddne condubtih, of the
contoured annul ar regions may include a planar surface or a radi used

e oot e MBTRUY AR dhnaEi G dARRALE AL SRR 2ot
region 15 fgrmed L nGretRg ausas TN RoalsdRia'diting fargal fopgded by the
released and deposited on the non-product substrates. While the
periodic conditioning prolongs the usable life of the target by
removing the contaminating TiN nodules, it requires stoppage of the
wafer coating production line and results in downtime of the
15 sputtering system. Thus, notwithstanding known contouring of
sputtering targets and modifications to operation of sputtering
systems, nodule formation on targets has been a problem,
particularly in titanium nitride sputter depasition.
in the past, one-piece sputtering targets have been

20 made that include steep-angled bevels formed adjacent the outer

edge of the target to reduce redeposition of TiN particles near the



contoured annul ar regions. The shape or profile of the contour edlﬁzn‘ytgrzugz
- regions on the target nenber is particularly advantageous to red
-acéunulatiqgog%mﬁggeposition at the target edge. Additional bgrrukdaiefd
contoured sputtering target of the present invention is particularly
profiled to reduce the sputtering or erosion rate of the target WO

991 63128 PCTNS99Il 11604 _$_ nenber near the outer peripheral surface. As
nodul es (not shown) format or near the outer peripheral surface during a
sputtering operation, the |ower plasna infinsi ty existing near {he forned
annul ar regions on the target, and the réduced sputtering rate created by
the profile of the target, prevents tE{a nodul es from fl aking or
resputtering dur O8Er=SEHARCE A daSSEr ptﬁ atgat NQn@cﬁﬁseﬁo%z%ﬁﬂl ar regions
formed on the target nenber advantageously stabilize the nodul es that may
formon the targekanpibarevels siegorfedadjdgentetacarteeegdgetcdrthagamget f | aki ng
of the nodules during a 10 sputtering operation. The contoured sputtering
Larget of the presatbobPyeh bAgleldial fan 30° S RSHRES W thabiahrabediodul es
during a sputtering oBeratl on, and further reduces generation of

contam nating particles fromany, nodul es that may form dugi ng . .the 15
sputtering operat gh".’tafﬁét'éﬁﬂt%éfeé'agg'pq}ta[%ﬁa&\ﬂ? I§eteo l6t' Hetnt
invention also requires | ess periodic conditioning during the life of the
target, théreby rkstrajéaigry of thedwmckgeattared ampmisnwillacalise thedatomto i n
prevent ati ve mai ntenance. The above features and advantages of the present

20 invention w | Imise theblgdr s‘th!ﬂfé@ésdf(iﬁété(ﬂgﬁahartég@ﬂfﬁﬁpe'rh@ skéen apgRBIRFENY I Ng
figures and detail ed description. WO 991 63128 g PCT/ US99/ 1160s Bri ef

Description of t i e .acce i ] Lch. ar
incorporated in gﬁ%l '8’82%{}% ? L?;E(; %@%%e?\r%gg‘étuﬁggﬁé S@I‘Sgﬁla%%\ﬁ?bﬁe t?a}lggﬁst rate
enbodi nents of the invention and, together with a general description of
the 5 invention ddiRaendbis\itenperipherabedss teincieass e sprtter depesition
enbodi nents gi ven bel ow, serve to explain the principles of the present
i nventi on. rate near the tapered target edge. Thus, backscattered TiN particles

10 that collide and redeposit on the target are more likely to be
resputtered onto the wafer or substrate. However, the steep
tapered targets are single-piece targets that do not encounter the
same TiN nodule formation problems associated with sputtering
targets mounted to a target backplate.

15 Accordingly, there is a need for a sputtering target and
backplate assembly that reduces generation of contaminating
particles from nodules that may form during a sputtering operation.
There is also a need for a sputtering target and backplate assembly
that requires less periodic conditioning during the life of the target,

20 thereby resulting in less system downtime and a reduction in

preventative maintenance.



Fig. 1 is cross-sectional view along a dianeter of a sputteri ngztflm 4 ﬁz
- accordance with one enbodi nent of the 10 present invention; Fig® 1A% ‘Q
~enl arged vi e encircled area of Fig. 1; Fig. 1B is apw {1ghd ar to
Fig. 1A sho‘&iﬁlﬁggg%pal ternative enbodi ment of the present in\ym‘i‘@gﬁ?l@é Fi g.
2is atop plan view of the sputtering target shown in Fig. 1; Fig. 3is a
viewsimlar to Fig. 1, illustrating a sputtering target in accordance with
a second enbodi ment of the present invention; 20 Fig. 3A is an enl arged
view of the encircled area shown in Fig. 3 WO 99/63128 2 ~ FEB 202

PCTI US99/ 11604 -10Fig. 3B is a view sim I‘a$'to Fig. 3A show ng an

al ternative enbodi nent of the present invention; Fig. 4 is a top plan view

of the sputterinSupamgey okthadnvention. 3: 5 Fig. 5is a viewsinmilar to
Fig. 1, illustrating a sputtering target in accordance with a third

enbodi ment of the present TRYQHEEEME inBnfibE ovBrcdings thé fbegiiingahar ged vi ew
of the encircled area shown 10 Fig. 5Bis a viewsimlar to Fig. 5A show ng

an alternative e i . v i_aqn; . Fi IS a view
simlar to Fig, g%%h%%?g"%‘é’{g@}nﬁ ﬁ%ﬁ%ﬁ@r%ﬁ@“&%&%‘cﬁ %gﬁ%&of t he
present invention, Fig. 6 is a top, plan view of the sputtering target shown
15 in Fig. 5; Fi aereﬁogcgedm%w ¥While the inyeptign will be dasenbed Hy a sputtering
target in accordance with a fourth enbodi nent of the present invention; and

Fig. 8 is & top pbanesti@with tdeainperhbedimegntsaitgell! iséhawdelood thapthe?.
WO 991 63128 PCTNS9911160d -11 Detail ed Description of the Invention Wth

reference to t he'JJeQHfo%SiF ﬁgm}ii?e& ) th%sae' é\m%&:‘i@%H{s‘?‘rOnathngrET}Erﬁtﬁrggtr}ehe

sputtering targe{ assenb n accordance W th one enbo
present invention is _shown utfering target 5 assenbly 10 jncludes a
target menber 12'%‘fe"§i9u“t'f‘€ﬁ4%§ E}{L@I‘g@qngrlvﬁﬁgp%ggpay@@(ﬂ PAUIVEIEdE ABr wi se
joined to a target backplate 14 for use

may be included within the spirit and scope of the present

invention.

10 In accordance with the principles of the present
invention, a contoured sputtering target is provided that includes a
target member of sputtering material having a top surface or face
designed to be exposed to, and confront, the wafer or substrate
being coated, a planar bottom surface typically bonded or otherwise

15 joined to a conventional target backplate, and an outer peripheral
surface. During a sputtering operation in a processing chamber,
sputtered material is ejected from the top surface of the target
member and deposited on the substrate in a thin coating or film.

in one embodiment of the present invention, the target
20 member has a contoured annular region formed on the top surface

that extends radially inwardly a predetermined distance from the



in'a sputtering system (not shown). As those skilled in the art ?}I 5
rappreciate, sputtering target assenbly 10 is nounted within a va uurﬁEB 2002
processi ng_chanber (not shown) of the sputtering system 10 r‘ﬁﬁ§ )

t hr ough fag‘f%??éf’?gzs( not shown) and a centrally threaded shaft .9%4162%
sputtering system (not shown) may be of the type shown in U S. Patent Nos.
4,909, 695 and 5, 130, 005, both assigned to the assignee of the present

i nvention, which are expressly incorporated herein by reference in their
entirety. 15 Target menber 12 may be fornmed as a generally circul ar disk of
sputtering material, including, but not FFi‘mted to, titanium
titaniumtungsten, platinum alum num alloys, gold, silver, copper or
refractory net al outer ipsrigbsral Buefageaanst ewapiraratpeboemmserrfagewTnge vary,
typically between ten and fourteen inches depending 20 on the size of the

wafer to be sputi¢sitedredannaiardgion mageﬂclhﬂéﬁ slangeterfat@rgped may be used
to sputter coat a six inch dianeter r F E B 2002 WD 99/63128

PCTNS99I 1| oC~. t i i to
Sputter coat an & g e"&ﬁ%@ a%%%é}%)@&éﬁ}%@?lwﬁmﬁ%%&q%ﬁoﬁzﬁ escri bed
in detail herein as a circular disk with a dianeter of about ten inches, it
will be appreci aPRUOBYsUTRRrS% SRE [27E8TMeTRE My fupher dpHEde &leNdur ati ons 5

and sizes of target menber 12 are possible without departing fromthe
spi rit and5scopecorficavecompceasteaitrecassed fegion Asnbedin thetwrsswudatendt the
reference to Figs. 1 and 2, target nmenber 12 has a precisely machined face

or top surface }r%%e@a@ﬁ,uﬁgﬁﬁﬁgbmwthgﬁﬁgg ?re‘a%rﬂﬂa Fgéqbnperi pher al

surface 22. 1 D ab as s gures, the outer peripheral
surface 22 is formed generall erpendi cul arly to the planar, bot{om
surFace_20. During a sputt@‘r?%aﬁﬁ typimbogﬁ%ofg@ﬁb&psg@t nYeRHaht ed
within the sputtering process chanber (not shown) with the tog surface 18
of the target 12afigeshiyve kentrifred gnmutlarstegiens mayee tarmmed oattbeitap is 15
caused to be ejected fromthe top surface 18 of target nenber 12 and

deposi ted onto tberfied ef tHeirgeh@mben Gné lof Bhé tbAtcFetdsanMilar known in the
art. In accordance with one enbodi nent of the present invention, as best

contour ed Po 1 ealChEREReeht e it o Ry Bt RED FTER hodu e (ot

shown) that may form . .
annular region. One, or both, of the contoured annular regions may

include a planar surface or a radiused surface that extends radially
inwardly and away from the bottom surface. The target member
may further include a planar, concave or central recessed region

15 formed in the top surface of the target that is surrounded by the
contoured annular regions.

The shape or profile of the contoured annular regions
on the target member is particularly advantageous to reduce
accumulation of redeposition at the target edge. Additionally, the

20 contoured sputtering target of the present invention is particularly

profiled to reduce the sputtering or erosion rate of the target



2 7 F E B 200Z WO 99/63128 PCT' /US99/ 11604 -13 near the outer peripheral

- surface 22 of the target during a sputtering operation. Top surfp@eFEB 02
‘target nenmber 12 is forned with a contoured annul ar region g Qfstl t ends
radi al Iy i ™aP¥63)2% rom t he outer peripheral surface 22 and éﬁé?’ 3R he
bottom surface 20. 5 For a ten inch dianeter target, for exanple, the
contoured annul ar region 24 may extend to an annul ar boundary 26 that |ies
radially inwardly fromthe outer peripheral surface 22 in a range between
about 0.195 in. and about 0.975 in. The profile of contoured annul ar region
24 is 10 particularly chosen to reduce acd&srul ati on of redeposition at or
near the outer peripheral surface 22. The profile of contoured annul ar

regi on 24 is al smerhbeenedrotheasiitee peliphsmlistudaceg Asrneduss gnot stt@wvnf t ar get
menber 12 near the outer peripheral surface 22. Thus, as nodul es (not
shown) format o cats ; ; i rate
created by the pfoorﬁ??fao%Pa%%{rh%e@“ﬁg%QPH??}[gHgﬁ?gvﬁg'ﬁgtg@ﬁeﬂ?gnsi ty

exi sting near the outer ?erWera]I surf g%e.ZZ stabi li zeﬁ?tﬁqe nodul es (not
shown) and pr eveRPE atiRAMIRG KVeT BIRSHIP MDY AR Jeab MRS ng
particles within the processi ng chanber (not shown) that may adversely
affect the 20 spahheleedegiohmonthettargetbsnd she reduced eputtedingsatewn) . Wil e
the contour of target nmenber 12 reduces generation of contam nating 2 7

FEB 20Q2 57 4 parddied 8% the@ronrisl @ thhqdt, prvdres MeRokalasroreer 1,2,
particularly in titaniumnitride sputtering processes, those skilled in the

arCwll apprecigte that the_ present.inventi s appkicable to. othE
sputtering proceggggga‘%Jr rﬁéPanﬁ'?ﬂéﬂJ{”n ?)gﬁﬁtggnéP@r%%%‘%n‘sgb?ic[o%oﬂ scope
of the present invention. The contoured annular region 24 is inclined from

the outer periphénatlasuegigns formed amihertaagel(Membriadyaia@eeus/boundary 26.
The contoured annular region 24 may be inclined at an angle "a" (Fig. 7 A

in a range betweetshleuthehadegabtattma) foreh ain the tapgdtimentban® 28 (Fig. 1
A) that is parallel to the planar bottom surface 20 of the target. In one

Tnclude 8 pl anar S FaR A ERrEeByr b R AERBIBHR nodBbRIFD IR chown

in Fig. 1 B, the contoured annular region 24 may include a radiused surface
32 that exifends sputtering operation.

The contoured sputtering target of the present
invention therefore reduces accumulation of nodules during a
sputtering operation, and further reduces generation of
contaminating particles from any nodules that may form during the
15 sputtering operation. The contoured sputtering target of the
present invention also requires less periodic conditioning during the
life of the target, thereby resulting in less system downtime and a
reduction in preventative maintenance.
The above features and advantages of the present
20 invention will be better understood with reference to the

accompanying figures and detailed description. .



15 radially inwardly fromthe outer peripheral surface 22 to the %pgﬂﬁfr
" boundary 26 and away fromthe bottom surface 20 of the target 122 gﬂ@%
‘enbodi ment of the contoured annual region 24 as shown in Fi ,U% Agd 1 B,
t he configdwgﬁﬁﬁﬂz%f target nmenber 12 reduces generation of contam nating
particles fromnodules that 20 may form near the outer peripheral surface
22 during a sputtering operation. W0 99163128 PCTNS99; 116U~t -15 1n
accordance with the principles of the present invention, target nenber 12
may include a planar region (not shown) formed on the top surface 18 that
is surrounded by the contoured annul ar red§i-on 24. The planar region (not
shown) is 5 forned generally parallel to the planar bottom surface 20 of
target 12. | n anBriedDesotiptionmiitheDramdngs esent i nvention, as best
understood with reference to Figs. 1 and 2, the target nenber 12 may

include a substantially Comﬁé\é@céﬁﬂiaﬂvi@“drfa%ﬁgﬂ WRidhé&retipRofpibizlee 18 t hat
is surrounded by the contoured annular region 24. 10 The circunferenti al

edge of the concave reqi 4 GoLNnci. Wit h I ndary
26. In yet anot héf? aaﬂg@g?ﬂ@ﬁ? a(rﬁaﬁ ﬁ@%?éé%‘ﬁ%&%ﬁ@?%hﬂgaegﬂgégﬂ%ﬁﬁgsgr st ood
with reference to Figs. 5) 5A, 5B, 5C and 6, the target nenber 12 may

i ncl ude a pl anar of &g BryeBbon@ENee togethehwithohgaseral fesesprtgnaibei s
surrounded by the annul ar region 24. The planar region 36 is generally

paral l el td& the phasnaionbgiveombsvef aettitOdefiled elesariptibn ofhteepl anar regi on
36 includes a central recessed region 38 fornmed in the top surface 18 that

reduces the thic : obar regi on 36
and the bottom sﬁfﬁg%%%g@%% ‘?ﬁé%%&:mﬁﬁg@hﬁgmﬁ'ﬁ@ﬂ%@%& 20%

Z' FEB ?0~?_ WD 99163128 PCTNS99111604 -16 For a ten inch dianeter target,
for exanple, centY&feHR¥EY region 38 is preferably fornmed in the about
0.195 in. to about 3.10" central portion of the top surface 18. As best
understood with reference fig.Fiigsross-sectidhal vichealoeg a aliametarssfeal 5 regi on
38 may include a 45 step 40 that extends fromthe planar region 36 to a

recessed planar regh@fing3afq¥ti®dctordaRe vilth SHE eAfSodiPnerY éfthat i vel y, the
step transition fromthe planar region 36 to the recessed planar region 42

may be foryed as a_ 90 step 44 (Fig. 5B) or a radiused step 46 (Fig. 5Q).
The format!dn of REERER/EY %%?‘?Jn 34 10 of Figs. 1 and 2, and the central

recessed regions 38 of Figs. 5, 5A _ _ .
Fig. 1A is an enlarged view of the encircled area of Fig.

1;

Fig. 1B is a view similar to Fig. 1A showing an
alternative embodiment of the present invention;

15 Fig. 2 is a top plan view of the sputtering target shown
in Fig. 1;

Fig. 3 is a view similar to Fig. 1, illustrating a sputtering
target in accordance with a second embodiment of the present
invention;

20 Fig. 3Ais an enlarged view of the encircled area shown

in Fig. 3;



5B, 5C.and 6, in conbination with the contoured annul ar region 24. Fgéﬁﬂﬁﬁ
"reduce generation of contam nating particles from nodul es that y

near. the outer peripheral surface 22 of the target 12 durin i ng
operation. M S%%H8r ef erence now to Figs. 3, 3A, 3B and 4, gﬁﬁgﬁggb%§¥ive
enbodi nent of target nenber 12 is shown, designated target nenber 112.
Target nmenber 112 has a face or top surface 118, a planar bottom surface
120, and an outer peripheral surface 122 that preferably extends

perpendi cularly to planar bottom 20 surface 120. z ; FED ~QO2 WD 99/63128
PCTNS99111604 17 As best understood with'Peference to Figs. 3 and 4, top
surface 118 of target menber 112 is formed with a first contoured annul ar
regi on 124 that extends radFig B it awdew simfilagiotfie Jusbpwiegiapher al surf ace
122 and away fromthe bottom surface 120. For a 5 ten inch dianeter target,

for exanple, the gREiRHVEGMBOYINRENt Sftheprbdénfmivepiiband to an annul ar
boundary 126 that ties radially inwardly fromthe outer peripheral surface

122 in a range between about. 0.,0195 | nd_ab 0.1 i n.. Lo thi
enbodi mrent of the present iE\Qeﬁt'isEnTPp{h@lﬁgl\’ée‘e'Lﬁqﬁhgest%%rk% t[aégﬁte‘ltHoﬁgﬂber
112 is also formed with a second contoured annul ar regi on 224 that extends

radi al |y inwardl yirfFi@n3he first annular region 124 and away fromthe
bottom surface 120. For a ten inch dianeter target, for exanple, the second

contoured amnul ar regi on 22figrayis exviendsitrilaanodtigul aluseativipe s p2 e rinkat
lies 15 radially inwardly fromthe annul ar boundary 126 in a range between

about 0.1755 in. ygef%ggéﬁé}g-gggiw}hnggﬁira%%sgé%qv\%@%%[ﬁgegghpn 124 is

inclined at an an range and about 60
relative to a plane 128 (Fig. 3A) that is parallel to the planar bottom 20
surface 120 of th&eN@& . In one enbodi nent of the present invention,
contoured annul ar region 124 includes a planar surface 21 FF B 2002 W
991G3128 PCTNS99/ 1160~ _ 78Fig. B#0is(dfi galarGeamiev8Af tha@ncirslddnarearsbdvim om
t he outer peripheral
in Fig. b;
10 Fig. BB is a view similar to Fig. 5A showing an
alternative embodiment of the present invention;
Fig. 5C is a view similar to Fig. 5A showing yet another
alternative embodiment of the present invention;
Fig. 6 is a top plan view of the sputtering target shown
15 in Fig. 5;
Fig. 7 is a view similar to Fig. 1, illustrating a sputtering
target in accordance with a fourth embodiment of the present
invention; and

Fig. 8 is a top plan view of the sputtering target shown

20 in Fig. 7.



surface 122 to the radially inward annul ar boundary 126. Alter n;} pvgké 2@3
shown in Fig. 3B, the contoured annular region 124 may i ncl ude a S
surface 132 that extends radially inwardly 5 fromthe outerpﬁ{lg@mgﬁl
surface 122%P8%H2 annul ar boundary 126 and away fromthe bottom surface
120. The contoured annular region 224 is inclined at an angle "a" (Fig. 3A
in a range between about 5 and about 20 relative to a plane 228 (Fig. 3A
that is parallel to the planar bottom 10 surface 720 of target 112. In one
enbodi ment of the present invention, contoured annul ar region 224 may
include a planar surface 230 (Figs. 3 and'¥) that is inclined fdomthe
contoured annul ar region 124 to the radially inward annul ar boundary 226.
Al ternatively, tBRetaibed Deseriptiomof she fnugngiorp24 may i ncl ude a 15 radi used
surface (not shown) that extends radially inwardly fromthe annul ar

boundary 126 to the annul ayiltprsigiante 28 hafigusddard @Fighe iRgidrapusyr f ace
120. In each enbodi nent of the contoured annual regions 124 and 224 as

shown in Figs. 3A and 3B,,the configur.ati f t e 2 duces
gener ati on of 20%%%&8%%%9 r ;ér&a?%t{tgasssgﬁﬂobﬁryA@ﬂh%@gOﬁg&M&}%ﬁ near

t he outer z 7 F ~ B zooz WO 99163128 PCTNS99/ 11604 79 . peripheral
surface 122 of t kankedigeant of theinreseqt HVGHLIONHR iSheVWbePRUTIERNTITAT@Ricor dance
with the principles of the present invention, target nmenber 112 may i ncl ude

a planar region (@Re¢mbl\shoWBludey arettgenmidnebéo? sfispaterihgdnbtatal itisat
surrounded by the annular regions 124 and 224. The pl anar region (not

shown) is fornmed n I ral . r ot her
enbodi nment of theng%* gégsﬁﬁé'ﬁrﬁggﬁﬁlt@%r,v%g%} g%@%%&é@#ooﬁ'%%qﬁeﬁgr%%ce to
Figs. 3 and 4, the target, nenber 112 in%ud@ a 10 %ﬁbstanti al |y concave
regi on 134 for med! AFARETNGFYSIRT ABR! SNBVRI A0S 1RO Fhibled fe eyt WH! annul ar
regions 124 and 224. In yet another enbodi nent of the present invention, as
best under st ood wippheciefegspattering tariggtasserably H) istineuntedetithmerdber 112 may
include a planar region 136 formed in the top surface 118 that is

surrounded 15 by aBguaNpHEsingdiNaRsherdfof8owAf of %@Bﬁﬁnéﬂab%s@ﬁ_ s
formed generally parallel to the bottom surface 120. The planar regi on 136

el uces oot 9oL SRS GEh el G5 B 4 BB fddd e

shaft 16. The sputtering system (not shown) may be of the type

shown in U.S. Patent Nos. 4,909,695 and 5,130,005, both assigned
to the assignee of the present invention, which are expressly
incorporated herein by reference in their entirety.

15 Target member 12 may be formed as a generally
circular disk of sputtering material, including, but not limited to,
titanium, titanium-tungsten, platinum, aluminum alloys, gold, silver,
copper or refractory metal silicides. The diameter of target member
12 will vary, typically between ten and fourteen inches depending

20 on the size of the wafer to be sputtered. For example, a ten inch

diameter target may be used to sputter coat a six inch diameter



above with reference to Figs. 5 5A, 5B and 5C. 20 As best un%rsgggdz@'?th
reference to Fig. 7, the central recessed region 138 may i ncl & e
'140.t hat ext ends % 1 ~ ~ ~ 200 WD 99l 63128 PCTNSQQlllGOdPFﬁRE%Qﬁ@hthe

pl anar regiVWA9Y882% 0 a recessed planar region 142 formed in the top surface
118. Alternatively, the step transition fromthe planar region 136 to the
recessed planar region 142 nmay be fornmed as a 90 step (not shown) or a

radi used step (not shown) as 5 described in detail above with reference to
Figs. 5B and 5C. The formation of the concave region 134 of Figs. 3 and 4,
and the central recessed regions 138 of Filgs. 7 and 8, further reduce
generation of contam nating particles fromnodules that may form near the
out er peri pher al waifigff, agtlel? Bvelfvetinehttargeetmayl Bediseidtg spiitberseoattasy i ng
operation. Fromthe above disclosure of the general principles of the
present inventiopg; i i L EPE L ;

enbodi nent s, thogéqqggﬁkﬁ]gvé?‘%‘ﬁc\?ﬁg%gtﬁ&%mﬂ%ﬁ%e%ﬁwlgg?rpq}gﬁgﬁgaﬁﬁ?e\lgﬁ‘rji ous
modi fications to, whi.ch the present 15 inyention s susceptible.. Fa

exanmpl e, the cenf‘Péﬁ”nrae“cae%'é‘g‘daFSbﬁaﬂ)‘ﬁghﬁ&éﬁ'&?tﬁég* ARQULES 'é‘ﬁP‘&Ee'&"Wﬁth
central holes (not shown) extending through the thickness of the target
menber . Mor eover peiappretiatdsebypboseiskilled in iag aftothat ptheresdnfiguratigess of
greater or |lesser dianeter than the ten inch dianmeter target nmenber 12

di scussed 20 her ghA,siidtCoftar@itThentbsiet2 AR phsabRUMRItWbLNdEBERRY frb t he
radially inward extent of contoured annul ar regions 24, 124 and 224 will be
2 7 FED ~~~2 WO %ﬁl 63.168 PCT/ 1JS9 !1161(eN éﬂh i_ncreased or decreased
proportionally. % SPH @H‘Pi%r?qeno ‘El"ge BESSAEPVEENEL s is therefore not
limted to the specific details and illustrative exanple_ shown and
described. Accordingly, depgrbestamndaigtand withaeferencederigntiaand 2vi t hout
departing fromthe spirit or scope of 5 Applicants' general inventive

concept . Ther ef orgrgefpémoantls tigsa peediselpenddtitheadacmby oy suacsagpe of
the follow ng clains and equival ents thereof: Having described the

vent] on, VE OLAIMnoodii Artd o6 andanbdtoffofoRerdisuftack 22V A

Al A&Y . A3; @A&I }
L ol cal caltba] caPEalaPbaPS P BRI B GUFEcy & ay e: RECRUPEal g Tagec22)
is formed generally perpendicularly to the planar bottom surface 20.
During a sputtering operation, target member 12 is mounted within
the sputtering process chamber (not shown) with the top surface 18
of the target 12 facing the wafer (not shown). Sputtering material is
15 caused to be ejected from the top surface 18 of target member 12
and deposited onto the wafer {not shown) in a thin film as is well
known in the art.
In accordance with one embodiment of the present
invention, as best understood with reference to Figs. 1, 1A and 2,
20 target member 12 is contoured to reduce generation of

contaminating particles from nodules (not shown) that may form
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D 1S4/ 1010% Uk <s)u a%:(e) ?2%8{aé?lizes the nodules (not shown) and prevents them

from flaking and generating contaminating particles within the
processing chamber (not shown) that may adversely affect the
20 sputtered film on the substrate or wafer (not shown). While the

contour of target member 12 reduces generation of contaminating
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particles from nodules that may form on target member 12,
particularly in titanium nitride sputtering processes, those skilled in
the art will appreciate that the present invention is applicable to
other sputtering processes as well without departing from the spirit
and scope of the present invention.

The contoured annular region 24 is inclined from the
outer peripheral surface 22 to the radially inward annular boundary
26. The contoured annular region 24 may be inclined at an angle
“a” (Fig. 1A) in a range between about 5° and about 20° relative 10
a plane 28 (Fig. 1A) that is parallel to the planar bottom surface 20
of the target. In one embodiment of the present invention,
contoured annular region 24 may include a planar surface 30 (Figs.
1, 1A and 2). Alternatively, as shown in Fig. 1B, the contoured
annular region 24 may include a radiused surface 32 that extends
radially inwardly from the outer peripheral surface 22 to the annular
boundary 26 and away from the bottom surface 20 of the target
12. In either embodiment of the contoured annual region 24 as
shown in Figs. 1A and 1B, the configuration of target member 12
reduces generation of contaminating particles from nodules that
may form near the outer peripheral surface 22 during a sputtering

operation.
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contoured annular region 24. The planar region (not shown) is

5 formed generally parallel to the planar bottom surface 20 of target
12. In another embodiment of the present invention, as best
understood with reference to Figs. 1 and 2, the target member 12
may include a substantially concave region 34 formed in the top
surface 18 that is surrounded by the contoured annular region 24.

10 The circumferential edge of the concave region 34 may be

coincident with the annular boundary 26.

In yet another embodiment of the present invention, as
best understood with reference to Figs. 5, 5A, 5B, 5C and 6, the
target member 12 may include a planar region 36 formed in the top

15 surface 18 that is surrounded by the annular region 24. The planar
region 36 is generally parallel to the planar bottom surface 20 of the
target. The planar region 36 includes a central recessed region 38
formed in the top surface 18 that reduces the thickness of the target
member 12 between the planar region 36 and the bottom surface 20

20 of the target 12 by about 5% to about 20%.
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understood with reference to Figs. 5 and 5A, the central recessed

5 region 38 may include a 45° step 40 that extends from the planar
region 36 to a recessed planar region 42 formed in the top surface
18. Alternatively, the step transition from the planar region 36 to the
recessed planar region 42 may be formed as a 90° step 44 (Fig. 5B)
or a radiused step 46 (Fig. 5C). The formation of concave region 34

10 of Figs. 1 and 2, and the central recessed regions 38 of Figs. 5, 5A,
5B, 5C and 6, in combination with the contoured annular region 24,
further reduce generation of contaminating particles from nodules
that may form near the outer peripheral surface 22 of the target 12
during a sputtering operation.

15 With reference now to Figs. 3, 3A, 3B and 4, an
alternative embodiment of target member 12 is shown, designated
target member 112, Target member 112 has a face or top surface
118, a planar bottom surface 120, and an outer peripheral surface

122 that preferably extends perpendicularly to planar bottom

20 surface 120.
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annular region 124 that extends radially inwardly from the outer
peripheral surface 122 and away from the bottom surface 120. For a

5 ten inch diameter target, for example, the contoured annular region
124 may extend to an annular boundary 126 that lies radially
inwardly from the outer peripheral surface 122 in a range between
about 0.0195 in. and about 0.195 in.

In this embodiment of the present invention, top
10 surface 118 of target member 112 is also formed with a second
contoured annular region 224 that extends radially inwardly from
the first annular region 124 and away from the bottom surface 120.
For a ten inch diameter target, for example, the second contoured
annular region 224 may extend to an annular boundary 226 that lies
15 radially inwardly from the annular boundary 126 in a range between
about 0.1755 in. and about 0.995 in.
The contoured annular region 124 is inclined at an
angle “B" (Fig. 3A) in a range between about 30° and about 60°
relative to a plane 128 (Fig. 3A) that is parallel to the planar bottom

20 surface 120 of the target. In one embodiment of the present

invention, contoured annular region 124 includes a planar surface
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Alternatively, as shown in Fig. 3B, the contoured annular region 124
may include a radiused surface 132 that extends radially inwardly

5 from the outer peripheral surface 122 to the annular boundary 126
and away from the bottom surface 120.

The contoured annular region 224 is inclined at an
angle “a” (Fig. 3A) in a range between about 5° and about 20°
relative to a plane 228 (Fig. 3A) that is parallel to the planar bottom

10 surface 120 of target 112. In one embodiment of the present
invention, contoured annular region 224 may include a planar
surface 230 (Figs. 3 and 4) that is inclined from the contoured
annular region 124 to the radially inward annular boundary 226.
Alternatively, the contoured annular region 224 may include a

15 radiused surface (not shown) thgt extends radially inwardly from the
annular boundary 126 to the annular boundary 226 and away from
the bottom surface 120. In each embodiment of the contoured
annual regions 124 and 224 as shown in Figs. 3A and 3B, the
configuration of target member 112 reduces generation of

20 contaminating particles from nodules that may form near the outer
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peripheral surface 122 of the target 112 during a sputtering
operation.

In accordance with the principles of the present
invention, target member 112 may include a planar region (not
shown) formed on the top surface 118 that is surrounded by the
annular regions 124 and 224. The planar region (not shown) is
formed generally parallel to the bottom surface 120. In another
embodiment of the present invention, as best understood with
reference to Figs. 3 and 4, the target member 112 may include a
substantially concave region 134 formed in the top surface 118 that
is surrounded by the annular regions 124 and 224. In yet another
embodiment of the present invention, as best understood with
reference to Figs. 7 and 8, the target member 112 may include a
planar region 136 formed in the top surface 118 that is surrounded
by the annular regions 124 and 224. Planar region 136 is formed
generally paralle! to the bottom surface 120. The planar region 136
includes a central recessed region 138 formed in the top surface 118
that is similar to the central recess region 38 described in detail
above with reference to Figs. 5, 5A, 5B and 5C.

As best understood with reference to Fig. 7, the

central recessed region 138 may include a 45° step 140 that extends
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planar region 136 to the recessed planar region 142 may be formed
as a 90° step (not shown) or a radiused step (not shown) as
5 described in detail above with reference to Figs. 5B and 5C. The
formation of the concave region 134 of Figs. 3 and 4, and the
central recessed regions 138 of Figs. 7 and 8, further reduce
generation of contaminating particles from nodules that may form
near the outer peripheral surface 122 of the target 112 during a
10 sputtering operation.
From the above disclosure of the general principles of
the present invention and the preceding detailed description of
preferred embodiments, those skilled in the art will readily
comprehend the various modifications to which the present
15 invention is susceptible. For example, the central recessed regions
38 and 138 may be replaced with central holes (not shown)
extending through the thickness of the target member. Moreover, it
will be appreciated that for sputtering targets of greater or lesser
diameter than the ten inch diameter target member 12 discussed

20 herein, the dimensions set forth above with respect to the radially

inward extent of contoured annular regions 24, 124 and 224 will be
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made from such details without departing from the spirit or scope of
5 Applicants’ general inventive concept. Therefore, Applicants desire
to be limited only by the scope of the foliowing claims and
equivalents thereof:

Having described the invention, WE CLAIM:



