.31 JUL 2006 050346-0092 SPUTTER TARGET HAVI NG MODI FI ED  SURFACE reidtuRens
[ G001] This application clains the benefit of U.S. Provisional
Application No. 601508, 317, filed Cctober 6, 2003, which is hereby
i ncorporated by reference., Field of the Invention [0002] The present
I nvention relates to sputter targets used in physical vapor deposition
processes, and nore particularly relates to sputter targets having
surface textures nodified to mninmze the effects of sputter
re-deposition. Background of the Invention [0003] Physical vapor

deposition (PVD) techniques, such as sputtering, are used in a variety
of fi@ﬁ@@iﬁ.‘b_@@ovi de thin filmmaterial deposition of a precisely
controlled thickness with an atom.cally snmooth surface. In sputtering
processes, a target |ocated |n a chanber filled with an inert gas

at nosphere i s exposed>ta B NG MOBIEHeB e 5 pl asma, |ons
within this plasm colli de MUW@EWRE the sputter target causing-
the target to emt atons fromthe target suri target surface. A voltage difference

between the target and the subst is.10 at.e the
eni tt el 9113#%1 tagP]F‘EﬂUHFt(’ﬁ?é éﬁ"rﬁ@ﬁ Pfﬁ@rf roRisiogg} Agrle %Pnﬁ?e%ﬁﬁ“ﬁ’géﬁﬁi .
[0004] n u Ofsokhéd s et eri al s, especially
sputterl%goc‘;%o??b;%lﬁb &?hkﬁ%hflgpﬁggb?&c e mag etél'fc data storage industry,
however, is highly dependent on the cleanliness of the sputter chamber.
At t heFieid ufitheTaveitionsed in these endeavors, contam nants as small as a
gas m)l ecul e can significantly alter the course of the small quantities
@ﬁ) The RES ROhveRidi Fles ) thageaeascaqntmrsﬁuiosﬁ;@t Rpoditiba her ,
nS|d rlngt arragnetlc medi a Isk is rejectab i f even ohe snmall .
bit of priebsses; and niicye [pdrtltculadyselaws ta spattet Grgetahdvwngssiobict texores modified e
purity af, the_at re within the chanber is paranount. [0005)
Sputteﬁ‘ﬂ’&“@%%ﬁ?‘%&tggﬂweﬁﬁ SPOFISPH deposits of the target coating

material on other surfaces within the chanber in addition to the
subst r giRreleRid dTIndTivRRtigh that cones back to 1 ‘ '

[0003] Physical vapor deposition (PVD) techniques, such as sputtering, are used in a variety

of fields to provide thin film material deposition of a precisely controlléd thickness with an

atomically smooth surface. In sputtering processes, a target located in a chamber filled with

an inert gas atmosphere is exposed to an_electﬁc field to generate a plasma, Jons Wlthm this -
plasma collide with a surface of the sputter target causitig the target to emit atoms from the

target surface. A voltage difference between the target and the substrate that is to be coated

causes the emitted atoms to form the desired film on the surface of the substrate.

[0004] Success in sputter coating of fhinefilm mafedals, especially spufter coaﬁng of thin

films in the magnetic data storage industry, however, is highly deﬁandent on the cieanliness

of the sputter chamb:r. At the vacuum levels used in these éndeavors, contaminants as small

as a gas molecule can sigmificantly alter the course of the small quantities of material

transported from a sputfer target to the substrate. Further, considering that a magnetic media

disk is rejectable if even one small bit of debris is found to disrupt the atomically smooth
surface, the purity of the atmosphere within the chamber is paramoun. |

[0005] Sputtering techniques typmally form deposits of the target coating material on other

surfaces within the chamber in addrtmn to the snbstrate, Coating material that comes back to
1



“I* JUL 2006 coat the non-sputter areas of the sputter target hap TaJUlgH06
ritcsk of dlslodglng again duo to the energetic nature of the plasm
atmosphere.: This dislodged debris can contaninate the nmedia surface
with | arge pieces of fatal debris, which then may be coated upon to | ock
theminto the filmstructure. In light of the stringent cleanliness
require-nmeats of the magnetic data storage industry, the effects of
sputter re depositioni descri bed above are highly ‘undesi red. [0006]
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mrre%?a%hgit |wﬁIgertechn| ues forhﬁrgst mater%?s a?se able to grodezggﬁ '

st andamface with be:gepprcce ffmledabaagﬁlmeb thepimay hesogied wper ek tem intitheoo

B g I RRHET-o ! e et Slsamriegs tegurepaye Shiplridadf: i agri® <
mat er i;gh %e st%fﬂﬁﬁteﬁecggﬁeﬁbn%ewnbe@m ahdhiphy wdaHagr and a

cl eaner ‘1‘ pr oduc ta need: still exiSts to further
m t i g0e06]Eomkhidatab selhtisyn totthe prcrbéslmapnaemaﬁcd) rmﬂ:sipmalr 1e-depositien fnvluget i on

100071 The present ent i on .addresses the eds di sguss above

modi f YSHRE €5 o5 F#datﬁstlagewﬂmau%ﬁr t%%f%ﬁﬁ@&lﬁ@f ¢ OBSPHIE aﬁf%/%s of he
prese vent 08GO texr t he
Do e UEE R 036 Pleteld Yedialle ?‘?‘fhé%ﬁtoa&?ha?fé*f o 3 dofte, ,
re-de p@ﬁidaﬂﬂmi@éﬁepm@mw*t@u%ieeﬁ with vales ba&u&elzﬁmdezmmﬁ) inéhe3p U‘hiser

dep05| tion in sputtering applications (00081 According to one aspect
of ' t guEheshimcsmses the swrresper e thesputey t@ﬁget wpcthersby prprayes the gbilighioned

by for | t e,

7 ougr R SRR Pl Sk BANRER Ak BRAaRt b BE R apd ¥
non- s pelkrRk fidisBad pRbudth EIEReL, Qrneed BHIUBLists E‘»lﬁirm@f it gte e bffedte ot sputter
non-sputter. areas may have different nmacroscopi ¢ trough patter ns The
troughrepéi‘nppélﬁn% are forned in the non-sputter. areas using conventional

| aser ablation methods or machining processes. [00091 According to other
aspect gé tSe | t he macroscopic trough pattern in the : .
non- sp§ Oftﬂé/ﬁ{v&ﬂonoscopl cal ly roughened using conventional bead or
rit blas

gri [000‘71 L}%e present invention addresses the needs dlscuss above by modifying the surface

texture of the sputter target. Specifically, the present invention macroscopically roughens the
non-sputter areas of the sputter target to ul:!zprove the ability of the non—sputter areas to frap
re-deposited target coating material and reduce the effects of sputter re-deposition in
sputtering applications. ' ' |
[0008] Accordmg fo one aspect of the mvcnuon, the non—sputter arcas are macroscopmally
roughened by forming a macroscopic trough pattern in the non-sputter areas. The trough
pattern may be formed in any of a number of designs in the non-sputter areas of the sputter
target, Furthermore, different non-Sputtfﬁr areas may ‘have different macroscopic trough
patterns. The trough patterns are formed; ;m the vnon-sputter areas using conventional laser
ablation methods or machining processes. ! |

[0009] According to other aspects of theizinventiou, the macroscopic uough pattern in the

non-sputter areas is microscopically roughcned using conventional bead or grit blasting



2 3 1 JUL 2006 techniques. Ile mcroscopl c roughening further %r’gv'esd%s
" thé ability to trap re-deposited target coating material and prevent it

- fromcontam nating the filmapplied to the substrate. [0010] In another
aspect of the invention, ~the non-sputter areas are counter-bored into
the face of the sputter target in addition to having the macroscopic
trough patterns forned in them Counter-boring the non-sputter areas

pl aces them farther away fromthe plasma environment than the sputter

ar eas faclhifddser Ihaeﬂumrescopimeromghmﬂng further émpeyyes iheeability tpetrap codeposited

Tﬁ%i&h%%éi SRR A SOl ”S%é%%w%ﬁﬁawﬂ%aﬁﬁ’p' el gh S bttt
ncor VA1) B e U0 T WO dEhSh00S ne&"%ﬁ%}ﬁerence o e ©

f ol | owfang ofitthe spttet @srged it ddditical tot hﬁrmgﬂﬁm@mw&m@@c pdtefhs foirhéd ihe
accorrpanyl ng_drawi ngs. Brief Description of the awi ngs [ 00121 Figure |

i s a dihagr arfaairdorng thh sonEpetigrs agass php@%ﬂxenhfagﬂter BT pmgth@op amea

mbodi nent _of t 00131’ T
o ofafordlect Ml ¥ BBl rucste Bt Auel shief, 1P ufb T AShaR et e
| nvent poiing Rl dilcse: éldle%nﬁnﬁﬁmetﬁ@ﬁ}m 9IRA 18 tRAbieAe Of an

angl ed- trough pattern according to on ment of the invention.
100151 [(@1§1irBhesforegolg aunmys:é(mﬂ mwvemtfondhas peert movttbdgaet‘rhadh@nmmgnfttbe one

enbodi pent of th l,on, I l,ed Des on of, | nvent.i on

50161@% it EEXE‘F SR St B cRein PodeSagting Pk M eipR e
ot extur

Sput b PRy tF%%@E%%E‘?t%ﬁﬂ%ﬁ%ﬁgr&g%‘gﬁ%gﬁﬁ%é@ﬂﬂe Tafuficlidh
mat er i slith thikedorgpapying doawitgee applications in which the sputtering is
bei ng used, As one skilled in the art will recognize, the invention

descri bed deend on the material of the sputter target t
: X ar gets in general.

[0012] Figure 1 is a diagram depicting fhe face of a sputter target according to ome
embodiment of the invention. ‘ |
[0013] Flgure 2 is a cross section of & poruon of a squared-trough pattern accordmg to one
embodiment of the mvention.

[0014] Figure 3 is a cross section of a por.tlon of an angled-trough pattern accordmg to one

embodiment of the i 1nvcnt1on

[0015] Figure 4 is !a cross section of a sﬁwf.ltter target according to one embodiment of the
| ! : )

invention.

Detailed Descri ptan of the Inventmn

[o016] The present invention concerns the modification of the surface texture of sputter |
targets to minimize the effects associated w1th sputter re-deposition. Sputter targets are made
of a wide variety of matenals which depend on the apphcauons in which the sputtering is
being used. As one skilled in the art will :ccogmze the mventton described below does not
depend on the material of the sputter target and can be applied to sputter targets in general,

Accordingly, specific target materials are ngt mentioned in the description below.

3



31 JUL 2006

., Accordingly, specific target materials are not nentioned in the
" description below. 3 31 JUL 2006 [0017] Figure | is a diagram depicti ng

the face of a sputter target according to one enbodinment of the

i nvention, As shown mFigure 1, the face of sputter target 1 includes

sputter area 2, and non-sputter areas 3 and 4. This enbodi nent of the

I nvention is being described using a circular sputter target having one

sputter area surrounding by a non-sputter agea in thegggnter of the

t ar get [08KA Bightn 1 s1utt SRE@Re SRIFRE 0% RGeSt &r SIIMICF Hareph Agwordips do one ;
o R b GRS A NRPEN ML 00 0P YR Bl =

| 11 egUirfter hitadGinll itRR-spufier ArBaseR s, NEkishenbodipeht fofthe Sprehtiar ist webget s
havi ng "di fferent nunbers and positiens of sputter and non-sputter areas,

whi ch’ destibed winga direjansputtprtarash hivieg R sPUFRTATSH SYTEBVINERY 3 NETHERUEAT of

th t hod t ' in t ' devij ;

Sput { oFea eSS e g oY b dobsivdd bl B PR of fetE e
mat er i flveifon BB o BRRohEBHafHn Hbwdver, 2B shayaliccustid! fof Bpuitlap teatt t er
chanber, Sputter area 2 is nacroscopically snmooth, and to a certain'

degr eehaning difGoeitshhpas, s&cﬂ)msmaangléﬁﬂ or iFgulae xEngddéton, thomyerivnotayrbat  of
the inventjon the standard syrface roughness of.,.sputter area,2 ha

Vel ues Ul o RUET GREH Brens ALFESE THRIPRSY BFOPABNON S ot i A BonaT

| nches . LOQRLL aﬁﬁ&%géﬂ&?go@ VRamfEnRP hd E%érﬁtgr RloAsRsfod 8PES dafhode
p03|t tdrget coating material an ithe non-sputter areas of the sputter

\t.alr get system beihgrusedin thp spatEringdeddhesi on properties of the non-sputter
areas and duce the occyrrence of this redepqgsited. erial bein :
o1 oS SR feathe o € Teei e ek g, SO £ s R s
Macr os LGl Heps | Wit : ‘ rg .
Speci f?@g{’@ Jfl.)tfh%jh)r‘lyi%vent P%Fé S%%%%gﬁq\s t ehlrbﬁsr%— spt?tﬁéenrlﬁﬁi eggut(t)e( ﬁtr?"l'rie2 '
‘Sput t emnactaeggitally sootli rgdaonmcensinoféged ndogkeopitilgramaath tahegell arfeas. 1
[0020] In Fjgure 1, .the nacroscopic.itrough paftern is depicted in
non- s p FKEBPleafiee exbgdiment of thegn %*3&@%3&%@#&%@? ST SPUELHERAL i ¢
~Shapesha§§fﬁu£@fe'%§1ﬂ& 260 ﬁi%%@s,%ﬁ%ﬁf@mﬁm&ﬁgﬂl é?)emrdféﬁﬁhéé) i npl ement
€, e i nv may be

t he inveniiton. For exanp nt1on”nmay | mpl enent ed usi ng
‘ {0019] As described above, the sputtering process tends to deposit target coating material on

the non-sputter areas of the sputter target. In order to improve the adhesion properties of the
non-sputter areas and reduce t:.he ocourrence of this redeposited material being dislodged and
‘ coﬁtaminaﬁng the substrate, tile present ilivcntion macroscopically roughens these arcas of
the spuiter target. Specifically, the inventfion roughens the non-sputter areas of the sputter
target by forming a mz{crosco;;ic trough patl‘:cern in these areas. |
[0020] In Figure 1, the macroscopic tI_ough: pattern is depicted in non-sputter areas 3 and 4 as |
2 series of conceniric circles. Concentric :shapes are ot the only trough pattérn that can be
used to implement the invention. For ex;;.ample, the invention may be implemented using
other pattems such as spirals: or c_ross-hatci:hing within the non-sputter areas. Furthermore,
the trough pattern in each non-spufter aref:a may be different than that used in other non-
sputter areas. ' '
[0021] To form the madrosciopic trough patterns, the surface of the mon-sputter areas is

macroscopically roughened using either a! laser ablation method or a physical machining

4



| o A TIUL 2005
I other patterns such as spirals!! or cross-hatching within the
noh-sputter areas. Furthernore, 9 the trough pattern in each

non-sputter area may be different than that used in other non- sputter
areas. [0021] To formthe macroscopic trough patterns, the surface of the
-non-sputter areas is macroscopically roughened using either a | aser

abl ati on nethod or a physical machining 4 JUL 2006 process. For

exanpl e, a high-energy YAG or simlar laser is used to pattern a precise
pat t erprogsds.t Ber etaniphs @ logh-enorgyHAG oesitmilag laseris used topeernamrgciss pagen
sputter target. Laser powers are 1 set based.on the t of |aser used,

i n cont thetsucfacept hrquad, tstangalar erimsgnlary sbaned, SP“V&Ft_tﬁf&)éﬁgLasﬁT POWEE 8% 0al
of controlli.n h eptsh L dihdof .- . - : I ng
The” T i agas DETW B Had 15ee Sh SO Rt SbBE AR Begl sk @ ) OO

be pr oguicnt USAINGF comR@NiNY e iU Snd wekitasf thd Bishbiitd trongh dérneing ¢he ti ng
tool. [002217The types of” troughs used to formthe troug{% patterns,
i ncl udtrpugiupatiers. nédtetmiativelyd theomagrosespit teMek matigms anay 2 BrRENed BsRgh.

Figure 2 depicts a craos ecti.on_of ia rti of a macroscopic trough
pat t er FaFly) Oaﬁmhc_glr?-ssa;ﬂ_ flglmég ‘?’éc@ﬁ]agt?%gsi ng a squared trough. The
squar e?odggl) tmng %g BF gﬁ ; shRedicUdhR 1% R aheyaRemy ihaud, Butdrslhét limitef toDa 025

i nches, ere in the range of 0.020 to 0.050 inches. The
squar egqiaraligbsgtpand an angledeougha BigptenZ debictf 2 G1@3s Gettinshedsa podtonnefya -be

e e e RS Fraeh ot A S e R0 183
(ihches 's&t%‘éd Qepi¥idiEd Fggigt@ 23 EBRChAS OWRIY 81 of b.@fas $heROS buNEhE e

00231 "Fi gure. eprcts a ss 'sectiion or a portion of the racrostopic
t r ough appwhers in theramgt ofi0:02000-0Qidtihdres.a The sqirahidoukhs praferably hangh depth

o a0k DBRB ST, et R sy Ao Betees sh 00T b Fited "

I nches.o o Jhea 39k pldrdHol Sarl Hh&k Ellyt £ Cedth WREWR 8palin@3p bPORLS

inches, but may be formed with any spacing gréatér than 0.005 inches. _
[0023] Figure 3 depicts a cross section of a:portion of the macroscopic trough pattern formed
in non-sputter areas 3 and 4 using an anglejd trough. The angle troughs depicted in Figure 3
preferably .have a width x2 of 0.040 incheis, but may be anywhera in the range of 0.030 to
0.050 inches. The angled troughs preferably have a depth b2 of 0.035 inches, but may be
anywhere in the range of 0.009 to 0.043 i!nc;hes. The trough angle 8 preferably is 60 degrees,
but may be anywhere in the range of GOito 120 degrees. While the root of the troughs -

depicted in Figure 3 have a “V” shape, Ialﬂ!emative embodiments may use an angled trough |
having a root with a rounded shape. ' "

[0024] Figure 2 and 3 only" depict two troluglis of the tfough pattefn formed=m non-sputter
areas 3 and 4, It is to be understood, hnwe:ver, that the number anci troughs used to form the
trough patterns in non-sputter areas 3 and!4 will vary depending on the trough pattern, the
size of trough used and the size of the ﬁon—s'iputter area.

- [0025] In an additional embodiment of theé invention, nﬁcroscopic roughening is performed

on non-sputter arcas 3 and 4 in addition to the macroscopic roughening provided by the
trough patterns. Microscopic roughening is typically performed using shot, bead or grit

5



|*, but may be anywhere in the range of 0.009 to 0.043 inches.aT’!héJUL 2006
trough angle 8 preferably is 60 degrees, but may be anywhere in the
range of 60 to 120 degrees. 'Wile the root of the troughs depicted in
Figure 3 have a 'T" shape, alternative enbodi nents nmay use an angl ed
trough having a root Wth-a rounded shape (00241 Figure 2 and 3 only
depict two troughs of the trough pattern forned in non-sputter areas 3

and 4. It is to_be understood, however, that, the nunber, aﬁéj t roughs, used
to for hiastieg ta pddigHcraseopts srafach renghnassy ihigh i5neh domcieddn the figyes, g the

dependi ng ,on_the trough ttern Skzge. d i ze of
e PSS SR s W et 0 a8 i e

| nvent g dneiich pRpRRieS, sitisaliphiiGréas 3n@dioreRghepinfiovediput ter areas 3
and 4 in addition’l to the nmacroscopi c rougheni ng provided by the trough

pat t er 8026} Figus dojepivts anotes einbgdinsent ppthednveptipar Speqibentiys Figyreshdepictbead
or grit 5 JUL,200 bl asting .to.add nicroscopic,surface ro ess,. Wwhich
'S not ACERTSSPENCT B HECK AR d4n Yo PRA-ERSG ALeRs? BN AT sl pored jrgo
L hos 4 Hrlsrftpuht s BTt phlfpte s 1404 8 bbbt 1

adhesi on properti€s, of non-sp | nproved.
[ 00261 spirgted)2 ddth @ipechttieglaserdadirormentasf thé eputtey elwrileen. The counter-
Specifically, Figure 4 depi,cts a cross,section, of sputter taﬁ%Ft 1.in

whi ch rhere nerfosned neing PBysical mpchimingoalsisurh o kathe, il orofher suting deole s

sputt ermtarge t It - 4 4at | tj.on -
Ran © ot pitroe, the Sy SANARS Lt AP BBl el b IS, s
sput t erdegtbwbi@mi%&ba. Huwnévert, thdwalls insy pe sétat ower arlasg Péfgmbbatherdroth off Ng
tools such as a lathe, m Il or other cufting tools. The cut _of the

t he,
count erthespk of dhargounierhore dg betwesn (LY inghes; Bomnbedpiget kp sfgedoractd, as

depi cted in.:Fi : " : e set at other angles.
Pr ef era%%h%ﬂ@ég? %ﬁ%g‘%@&%@’ﬁ%%ﬁ% er-bore is between 0.010
i nches [o2y) Wiletnat dejicte® in Figuka4,.cthe enderdstopia BRUS pactded dsthsdddlabone BRS

fromthe target bottom surface. (00271 Wiile not_ depicted in Figure 4,
t he nmacssfwped in theggunigtbered penypuliar asas 3 26 de Furthermare othes embgdimentsh e

count er g ofe Sl B Rilirb op AR ForthtR hot:splttir HELTS s 240 GaiRBRE dURLY ©

counter-bored and macrosco;jitally roughéned with trough patterns. In this manner, the

" ability of the non=spuiter areas to trap re-deposited target coating material is improved and
~the effects of sputter re-deposition are xeduced.
[0028] While the foregoing has described what are considered to be the best mo‘de and/or
other examples, it is understood that various modifications may be made therein and that the
subject matter disclosed herei}l may be implemented in various forms and examples, and that
they may be applied in UmeTous applications, only some of which have been described
herein.
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of the invention mcroscopically roughen non-sputter areas 3 and 4 In
addi tion Wﬁaﬁgidglu%e@gépt er-bored and nmacroscopically roughened with
trough p X TS manner, the no utter are ability 0 he
non-sputter areas to trap re-deposited target coating material is

i nproved and .the effects of sputter re-deposition are reduced. (00281
Wil e the fordgoi né‘%@teﬁwp%@imt are considered to be the best node
and/ or ot her.a%igggggglagesd, ahd 1S understood that various nodifications may
be made therein and that the subject matter disclosed herein may be

i npl emrent ed i A neoarspoiter dror myirgreadmecrasgppidrough ghattdratand tidsh isay be appl i ed
i n nunmerous_applications, only some of which have been described herein.
6 JUL ZO%CIW&g’ﬂcaﬁgr@%eﬁ%‘g Is: 1. A sputter target conprising: a
sputter area; and a non-sputter area having a macroscopi c trough pattern
and which is mcroscopically roughened. 2. The sputter target according
to Caim1l, fudrtheThespyitarsirgef aacqtlimgad Claimolf, fontien cemptisiag agplwakty ofher ei n
each of the non-sputter areas h a macroscogic t rough attern. 3. The
Sput t er  PRREBNI 2t GEIn Sagh i e Bon-GRHICE RO SRaqiRscoBIeUFORER: y of

non- sput t@fedr eas is a center area of the sputter target. 4. The sputter
target according to Claim2, wherein one of the plurality of non-sputter
areas is a perinmeter area of the sputter target. 5. The sputter target

according to aiml, wherein the Cr.O0S£OpI rough tern conprises a
Bl ural ity of Or ougHEeFBRTH goe Emige B ot aReraie ounBpbe Plgaiif L
sputter 4RhABhHAGREH @&n&&a@aﬂjf@he]ﬂpum%eﬂ the macroscopi c trough
pattern conprises a trough formng a spiral pattern. ‘

4. The sputter target according to Claim 2, wherein one of the plurality of

non-sputter areas is a perimeter area of the sputter target.

5. The sputter target according to Claim 1, wherein the macroscopic trough
pattern comprises a plurality of troughs forming a series of concentric shapes.
0. The sputter target according to Claim 1, wherein the macroscopic trough

pattern comprises a trough forming a spiral pattern.

7. The sputter target according to Claim 1, wherein the non-sputter area is

counter-bored in the surface of the sputter target.

8. The sputter target according to Claim 1, wherein the macroscopic trough

pattern is a squared-trough pattern.

9. The sputter target according to Claim 1, wherein the macroscopic trough

pattern is an angled-trough pattern.

10. A method for preparing a sputter target comprising the steps of etching a
macroscopic trough pattern in a non-sputter area, and blasting the macroscopic trough

pattern in the non-sputter area with microscopic particulate.

7



| | | 31 .JuL 2006
7. The sputter target according to Claim1l, wherein the non-sputter are
is counter-bored in the surface of the sputter target. 8. The sputter
target according to Claim1l, wherein the nacroscopic trough patternis a
squar ed- t r oughl Ipat t Biemethod Bhevrdipgtd €taithdOgftrthaccmnshisivgp the stepaifm 1,
wherein the .macroscopi ¢ trough  pattern is an angl ed-trough pattern. 10.
A net hod OO E LS ﬁ’%“&]&éﬁ%’fﬁg}%@@W@Wﬂ%%@%‘%t eps of etching a
macroscopi ¢ trough pattern in a non-sputter area, and blasting the
macroscopi ¢ trough pattern in the non-sputter area with m croscopic
particul ate. 7123 1 Thd m2(o6 acdtding be CrashHodwherenr e npctosc@iatrongtD,

further conprising.the st of. et ghi .2 _macr.oscopi c troygh pattern in a
pl ural i t yPHFHEHE ff‘@fw&ﬂg%fm é‘“% NEASHEE oL s quaﬁwgs%gge% ai m 10,
wherein the macroscopi c trough pattern conprises a plurality of troughs
formng a series of concentric shapes. 13. The nmethod according to Claim
10, wherei n t hB.macTswethiod ateapdigh to GlimdiOnwhenejr ths esacmstomagbugor mi ng a
spiral pattern. 14. Th rTElHJod.accor.d' ng.to Caim10, wherein the
nacroscopﬁ’%tef"rmpsef)aﬁ?gg q@“@%mg&eﬁ'ough pattern. 15. The nethod
according to Caim 10, wherein the macroscopic trough pattern is an

angl ed-trough pattern. 16. The nethod according to Caim 10, wherein the
macr oscopi ¢ triugh Themetod aceording heldim 0hwhersin the macmscepietoughi ng a
machi ni ng g{ocess. 17. .The rreéhod according to Caim10, wherein the

macr oscopP B 5 dgHUatsdtiough PRt ched in the non-sputter area using a

| aser abl ation process. 19. The nethod according to Caim 10, further
conprising the step of counter-boring the non-sputter area in the
surface of thel¥putTes methodarcorging to Claim 10, wherein the macroscopic trough

pattern is an angled-trough pattem.

16.  The method according to Claim 10, wherein the macroscopic trough

pattern is etched in the non-sputter area using a machining process.

17.  The method according to Claim 10, wherein the macroscopic trough

pattern is etched in the non-sputter area using a laser ablation process.

18.  The method according to Claim 10, further comprising the step of

counter-boring the non-sputter area in the surface of the sputter target.



