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Field of the Invention [0001] This invention relates to extendeg %l,@@
sputtering targets and a nethod for using these extended |ife sptt IZIQBS
targets. Background of the Invention (0002] Sputtering is a process that
coats sem conductor wafers or other substrates within inert- gas-filled
processy A§¥® R 8hbers. These chanbers contain  sputterTTYPAH P s and an

el ectrically biased wafer adjacent the sputtering target. An electric field
wi.thin the chanbers ionizes the ineit-gas and di sl odges atoms fromthe
target to deposit sputter target material on the wafer. Typically,
processi ng chanbers na&lﬁggi.f—@é\ JPeREReSTA@ir generat e annul ar groove
patterns in portions of tie—sputtering targets. Unfortunately, these
grooves can dramatically shorten a. sputtering targets' life. Furthernore,
the adverse effect of these.arqqQv tends .t.o_becone exaggerated for
targets having increased i’s—l@?ﬁ%g?ssﬁ?éu}p?‘%@%ral patents discl ose raised
rings or 94000ates flinisi noveakioy nediafjes tofextdralededdpl e, Strauss et al.,
in EP Pat. Pu No. 087,033, ,di scl.os sputteri targets having two
spaced anndP Et?if%.jtar?ﬁggea?ﬁi n%;ér'eggllpgegﬁ N1 1At areas t hat

experi ence extbfdgd ekifes isp@k 88+ Dy didrigegssputteri ng. Daxinger et al., in

U S. Patent No. 6,068, 742, disclose a reversible sputtering target. Each
side of this target contains two circunferentially-shaped protrusions
designed to increase tamgekgkbitd dMasmlutavehtidn 2 NOV 2005

[{o002] Sputtering is a process that coats

semiconductor wafers or other substrates within inert-
gas-filled processing chambers. These chambers contain
sputtering targets and an electrically biased wafer
adjacent the.sputtering target. An electric field
within the chambers ionizes the inert gas and dislodges
atoms from the target to deposit sputter target
material on the wafer. Typically, processing chambers
may contain magnetrons that generate annular groove
patterns in portions of the sputtering targets.
Unfortunately, these grooves can dramatically shorten a,
sputtering targets’ life. Furthermore, the adverse
effect of these grooves tends to become exaggerated for
Lo targets having increased diameters.
[0003] Several patents disclose raised rings or
surfaces for increasing target life. For example,
Strauss et al., in EP Pat. Pub. No. 1 087 033, disclose
sputtering targets having two spaced annular rings.
These rings correspond to target areas that experience
the greatest erosion during sputtering. Daxinger et
al., in U.S. Patent No. 6,068,742, disclose a
reversible sputtering target. FEach side of this target
contains two circumferentially-shaped protrusions

designed to increase target life. Masahura, in



WO 02/ 099158 PCT/ US02117001 - 2 Japanese Pat. Pub. No. 4-173965 discl oses a
target containing a single projection ring. The projection ring has a
snooth surface to prevent re-sticking of target nmaterial and a.fdﬂHthﬁ
surface adjacent the snooth-surfaced rings. This conbi nati on decreases
dusting effects over the sputtering process' entire life. [0004] Recently,
a ringveneuss desi gn has proven effective for spRAGI&SOHYPIayers used

to' construct nmenory chips. Since nenory chips typically contain only two
netal layers, filmuniformty is nop critical . for these nenory
applications. Unlike nenory chip applications, logic chip applications
often require greater filmuniform nfartunately, targets containing
ri ng- enhantRPERS 5ﬁ§'f5F?'tQPIN%i£}é§%?h lséiﬁ%eﬁgéanfg?Fn uni formity
required fesnsQiEnOal 6ingb®| pEfdc@isn FThig. Maher peblibctionn t he increased
nunber of |ayers deposited or the device design rules. Furthernore, since
there are Fbr%® st & SPQgERsSHREAGRtE PRBPERCHS GhdCkpBErotini fornmity becomes

accent uat eéai‘\%yé@ mRRGH a3usRE el A dra%ak rYEE LB JFRAYS agturer skips chemi cal
mechani cal polishing (CWP) of the deposited layers. As the stacked film

uni for mi t ySeetheisEdaceghsings t hdgrgpRgmanatierusiserepagers becones nore
difficult. 3{ 000 dHAdBUNbEor My doaicdbstnd RYLARr thema device

fabrication standpoint. There is often sone " degree of over-etch when
etching théiflevice. If the etching is greatest in the wafer's center and

the f11m ol NNerdAnthe COMAg-chiEA-La%&igh #as! BELFETET . posSIbIlity
of device yield loss. 2 2 2bu§;

effective for sputtering layers used to construct

{ memory chips. Since memory chips typically contain
only two metal layers, film uniformity is not critical
for these memory applications. Unlike memory chip
applications, logic chip applications often require
greater film uniformity. Unfortunately, targets
containing ring-enhanced designs fail to produce the
stringent film uniformity required for some logic
applications. This may result from the increased
number of layers deposited or the device design rules.
Furthermore, since there are more metal layers in logic
applications, poor uniformity becomes accentuated with
each succeeding layer when a manufacturer skips
chemical mechanical polishing (CMP) of the deposited
layers. As the stacked film uniformity decreases,
photolithography on the upﬁer layers becomes more
difficult.
[0005] Film uniformity is also important from a
device fabrication standpoint. There is often some
degree of over-etch when etching the device. If the
etching is greatest in the wafer’s center and the film
is thinner in the center, then there is an increased

possibility of device yield loss.



WO 02/ 099158 PCTI US02/ 17001 [ 0006] Furthernore, a lack of uniformty has a
pronounced effect on filmthickness and sheet resistance uni forgirgnwdv)r,

| arge targets, such as those having a dianeter in excess of 250 n LUuy
these large dianmeter targets, the rings can have a negative inpact upon a
target's useful life. As far as known, none of these ring-enhanced designs
has re® @1 merci al acceptance for stringent dé’ﬁT@éongMIi cations due to
the above uniformty issue or other sputtering-induced defects. Summary of
the Invention [0007] The sputtering3target has a design for uniformy
depositing a material on a substrate. The target contains a circular disk;
and the di S a J d suf f . The t surface has a center
regi on w tﬁdl%n he i%%%&%g?&df gt gglr{a |u1§)fi%§rl{;ggg elgr?é)S r ng- shaped regi on

wi t hi n t hepmitoanckhdl €£Héct e rfddinushicknkss asleshegton separating the center
region fromt.h ring-sﬁa}gﬁ&ir ion, Thetout rrin -shagﬁd region has a

proj ect i on HeitgATFol ekt ynggfh 9% B9 e Sgglﬂlt?‘%r J%target. The
center regidfinkaa diphetectirorxceesgbt 260 Imgss Thabhése lpnejeecti on hei ght of
t he outer ,rinq:-sha ed regiqn faqr increasing the sputterin deposition rate
on the subitaosy raBFﬁE‘@E?'t ¢enfEr 2R ft'on 2 ["Gﬁﬁgfvefh’é“g?g?thod sputters a
materi al okpch SURSEHates Whdiula 1S@ult exs Ngad &sg®hoWh, CRddWdE First ionizing
an inert gas adjacent a cathode-in a sputtering chanber _ prepares the
chanber f orheSSutieprABRaRFRA aigae Ras reariviett FarmGEFEl t o cat hode spaci ng

and a secofutapf@le EQrCat n¥PAekN8e f p URafabALSALL ted ivne The second 2
2 NOV 2005 WO 02/ 099158 PCT/ US02/ 17001 o
above uniformity issue or other sputtering-induced

{ defects.

Summary of the Invention

{0007] The sputtering target has a design for
uniformly depositing a material on a substrate. The
target contains a circular disk; and the disk has a
radius and a top surface. The top surface has a center
region within the inner half of the radius, an outer
ring-shaped region within the outer half of the radius
and a base region separating the center region from the
ring-shaped region. The outer ring-shaped region has a
projection height for extending the life of the
sputtering target. The center region has a projection
height of less than the projection height of the outer
ring-shaped region for increasing the sputtering
deposition rate on the substrate adjacent the center
region.

[0008] The method sputters a material on a substrate
with a sputtering target or cathode. First ionizing an
inert gas adjacent a cathode in a sputtering chamber
prepares the chamber for sputtering. The cathode has
an initial wafer to cathode spacing and a second wafer

to cathode spacing for uniform sputtering. The second



- 4 wafer to cathode spacing is greater than the initial wafer to cathode
spaci ng. Dislodging atons fromthe cathode with a rotating mag&gbron
deposits a coating on the wafer using the initial wafer to cat eNQY)aZﬂUﬁg.
The initial spacing optimzes sputtering deposition uniformty for an
initial period of tinme. Then dislodging additional atonms fromthe cathode
with t OB ng nmagnetron after the initial peri oBCHESR{T! deposits the
coating on the wafer using the second ~wafer to cathode spacing. The second
waf er to cathode spacing optim zes gputtering deposition uniformty during
a second period of tinme. Brief Description of the Drawings [0009] Figure 1A

is atop view of a spyttering .target contaipjn di ,sk-shaped center

regi on. [ &8t6f F?g‘ffﬁ%‘% isggﬁlﬁgogss gsrgé‘ttf’i'fng%?gtﬂ'ée Jélp}ﬁtlt"‘gri ng target of
Figure | A wwalkep 8bofdrHddee spading| 0Qdi1dkig@Hgea s Sfreort @pevi ew of a
sputtering tgrget containing.a rin -shapeg{ecent er regia%n. &0012] Figure 2B
is a cross S@EEPABWHEN hgota Enf‘?e‘f‘?‘ﬁbet[ré’tng PBFLEF FIre"PAakBn al ong | i ne
2-2.  [0013heFiugsee Ssinyg ansChamBiil wlHfw Rg thekodd |dpsdingt es | ocations for
measuring wafer film thickness. [0014] Fi %ure 4 illustrates the inproved

uni f or mi ty ThecAP&LERL RAF 1PHe OBEHEFCT PG 8ERY (fePIRItHiPed Description
[0015] Tar gglisoeNt Al AU NG ihaL$8Y uiRIg iENgiA8d arndpsser-raised inner
region have resulted in inproved sputter uniformty. This target has

successf ul [disgodgiay 2¢bs- innad2abons 58 qCthgsgaihd withs the

rotating magnetron after the initial period of time
deposits the coating on the wafer using the second

( wafer to cathode spacing. The second wafer to cathode
spacing optimizes sputtering deposition uniformity

during a second period of time.

Brief Description of the Drawings

[0009] Figure 1A is a top view of a sputtering
target containing a disk-shaped center region.
[0010] Figure 1B is a cross section of the
sputtering target of Figure 1A taken along line 1-1.
[0011] Figure 2A is a top view of a sputtering
target containing a ring-shaped center region.
[0012] Figure 2B is a cross section of the
sputtering target of Figure 2A taken along line 2-2.
[0013] Figure 3 is a schematic drawing that
illustrates locations for measuring wafer film
thickness.
[0014] Figure 4 illustrates the improved uniformity

achieved with the center region design.

Detailed Description

[0015] Targets containing a raised outer ring and a
lesser-raised inner region have resulted in improved

sputter uniformity. This target has successfully



performed with a conventional sputtering systemand exhibits |ow sheet
resistance (Rs) at the center of the wafer. Sheet resistance is an indirect
met hod for conparing deposit thickness at several |ocations by anwizvag
resistance to electrical flow [00161 The target advantageously has 'a ]
initial optimal wafer to cathode spacing for uniformsputtering and a
second WRPEPIH cat hode spacing for uniform sputterBGRUSITR®OSecond wafer to
cat hode spacing is greater than the initial wafer to cathode spacing. This
shift in optinmal wafer to cathode_sgacing advantageously occurs after
sputtering at |east about thirty percent of the cathode's life to further

i nprove performance,, Mst advantagepusl the shiff occurs after
sputterind% f%lxglﬁgtwh)f)%u“? ?o&vteytbgg%gn?p%ﬁtetrﬁélg gaThode’s |ife. The exact
di st ance afxHild tisnlbwashesd resdc@atdcet OCRE) Gt fthe ephtemimSpet eri ng before

and after the shift tends, to vary from machi ne t chine. In addition, it
i s possibl'® e&'adjsﬁg?t&e%’rﬁtfatncteh S Posth W%P&%ﬁ&n Yhe tinme to maintain

optimal  SquHPaeRnBYdeesSDE MaIekneByt at esdvdihiNascsbowns thiat one shift after
a set period of tinme provides excellent wuniformty with mninmal operator
i nconveni SMRAPLIHG1FESREFNGS 19 LdeFFglFRs &l&Wand 1B, the target 10

contai ns adasA egirfl dZrgdt AavknthgREEsCEMAR aheghoPiall4 and an outer
ri ng-shaped region 16. Advantageously, ring-shaped region 16 extends

upwar dl y RBEESdt vaherot? efatdne Feagrsng 1B anthiserer SedyeeTiRd Most

advant ageoysd Yo sR8nQUiEEe£49L Ja88LAR d8adB%y &Forl BhekHERS equal to the
t hi ckness of the base region 14. Optionally, the ring-shaped region 16 can

extend ousBHIERinge t FRe opEndedgéeroto Zathqdey speginy\G-92/ 099158
PGT/USOZ/lg@EEEer than the initial wafer to cathode spacing.

This shift in optimal wafer to cathode spacing
advantageously occurs after sputtering at least about
thirty percent of the cathode’s life to:further improve
performance. Most advantageously, the shift occurs
after sputtering at least about forty percent of the
cathode’s life. The exact distance of the initial and
second location for optimum sputtering before and after
the shift tends to vary from machine to machine. In
addition, it is possible to adjust or shift the
position more than one time to maintain optimal
sputtering performance. But testing has shown that one
shift after a set period of time provides excellent
uniformity with minimal operator inconvenience.

[0017] Referring to Figures 1A and 1B, the target 10
contains a base region 12, a disk-shaped center region
14 and an outer ring-shaped region 16. Advantageously,
ring-shaped region 16 extends upwardly adjacent an
outer edge region 18 and outer edge 20. Most
advantageously, the outer edge region 18 has a
thickness equal to the thickness of the base region 14.
Optionally, the ring-shaped region 16 can extend
outwardly to the outer edge 20.



- 6 [0018] The target 10 has a radius R extending from the center 25 to
the outer edge 20. The inner half of the radius contains the c@nfeNQ¥elijsn
14 and the outer half of the radius contains the ring-shaped regi on 16.
Advant ageously, the center region 14 is within about the inner thirty-five
percent of the radial distance fromthe center 25 and the outer edge 20 and
most APPSR ously within about the inner thirty REGEEAVI7001S il arly, the
outer ring-shaped region 16 is nost advantageously between seventy and
ninety-five percent of the radial- distance fromthe center 25 and the outer
edge 20. [0019] Center regions forned with a solid disk-like projection of

uni f orm hej have pro f i_ye I | r egi ons 22
| ocat ed betgggﬂ theT gsggg?ggi%ﬁ%f gnﬁg?ﬁggggﬁ?ﬁFnégggoﬁgj and between the
base regithe lZrered: 2Betpi tige shegeaderggi 2. 1@ Iseriveerohdeiedf out sputtering

in areas prone to non-uniform. sputtering..|n _agddit.i fl.ange 26 containing
thr eaded | BPBrAILESORARIT { e SoPLSF eh PPk RB%s e (¥ TG target withi b
a sputteringlehamhgre 20039] chitgine tBei Hingtdtalies tbgidhfi®@rence in

proj ection_hei ght between the outer ring-shaped region 16 and the center
region 14. AYFRIAIREYon thei gittets reqt a%ﬁrleS 6“f“?‘l’t§ aPPter ence in

t hi ckness bré WagieA %irbgsﬁi{r@%é}:%eh% sRdchderLanRhedikeghesd 14 or the outer
ri ng-shaped region 16. The decrease in projection height of the center
regi on 14 FROREFRR iGRteE EReaRdittdre oMERE- eW3p el P86 BRSE6 unexpectedly

i ncreases HAvAR¥dBdahs19f whbRifleNRNItt thEULAREF rEHiQ:,tgt gégc@ﬂﬂant ageously

results in the dislodging of atons occurring at a NOv 2005 WD 02/ 099158

PCT/ US02/ 198p3larly, the outer ring-shaped region 16 is most

{ advantageously between seventy and ninety-five percent
of the radial distance from the center 25 and the outer
‘ edge 20.

[0019] Center regions formed with a solid disk-like
projection of uniform height have proven effective.
Optionally, tapered regions 22 located between the base
region 12 and the center region 14 and between the base
region 12 and the ring-shaped region 16 serve to level-
out sputtering in areas prone to non-uniform
sputtering. In addition, flange 26 containing threaded
openings 28 facilitates fastening of the sputtering
target within a sputtering chamber. _
[0020] Figure 1B illustrates the difference in
projection height between the outer ring-shaped region
16 and the center region 14. The projection height is
a measure of the difference in thickness between the
base region 12 and the center region 14 or the outer
ring-shaped region 16. The decrease in projection
height of the center region 14 in relation to the outer
ring-shaped region 16 unexpectedly increases uniformity
of the deposit. Furthermore, this advantageously

results in the dislodging of atoms occurring at a



- 7 greater rate in the center region and the outer ring- shaped region
than in the base region. [0021] Advantageously, the center regi o} Z“NUW?U%

proj ection
ri ng- shape

5 mm the center region 14 would have a height of 4 nm or

hei ght of at |east |ess than about 20 percent of t

he. out er

d region 16. For exanple, if the outer region 16 had a hei ght of

| ess.

Pref er 3P Q2/099158 center region 14 has a projection HETERO2IM has a

proj ection
proj ection
that has n

70 percent

hei ght of about 20 to 80 percent of the outer regi

on's

hei ght. If a ring-contaiyni.ng target contains a center region
0 projection height, then the sputtering target perforns poorly.
Most advantagfou%%%% t.he ﬁenter region 14 h a hei%ht t hat
e F &d

I5F CerTr FRY- SHATEd TePagR oS o o8¢

is about 30 to

o287 ght. A noni nal

center regshfipedrLcin @Raheighthslecseasegddbn about 50 percent of the outer

ri ng- shape
illustrate
di sk- shap
30 contain
t hi ckness.
advant ageo
region 12.

regjon 16 _has proven mpst effective., 02 Fi gur
OB LT oRiva0E AR Ao Wife PENERE TEHAT JHagPond 14

es 2A and 2B
i ncl udes a

pdoPe ot Bt iHRAgBO. of Nat hicasembeds meidn ddemitdiogk- shaped proj ection
s a dinpled region 32, Optionally, the dlgpled region 32 has a
&

PgEsent ipfh thegQuketr or I yihereer redier tthe b

¢ region

32. Most

Wship1d N diviRl edeE0iQN 32 183528 ot Jess eamal to the base

I'n addition, the di npl ed region 32 may have a circ

ul ar,

star-pattethe §PnERheiegprmttrveRtd davsei beymretd daFsREpe. Most
advant ageoyggly, tﬁ%éfﬂﬂﬁ%hgg £881 Ahi32 hagisnsyimmid ical  shape

illTustrated cylindrical s

8

projection height has a projection height of about
20 to 80 percent of the outer region’s projection
height. If a ring-containing target contains a center
region that has no projection height, then the
sputtering target performs poorly. Most
advantageously, the center region 14 has a height that
is about 30 to 70 percent of the outer ring-shaped
region’s projection height. A nominal center region
projection height decrease of about 50 percent of the
outer ring-shaped region 16 has proven most effective.
[0022] Figures 2A and 2B illustrate an‘optional
embodiment where the center region 14 includes a disk-
shaped projection 30. In this embodiment, the disk-
shaped projection 30 contains a dimpled region 32.
Optionally, the dimpled region 32 has a thickness less
than, equal to or greater than the base region 32.

Most advantageously, the dimpled region 32 has a
thickness equal to the base region 12. In addition,
the dimpled region 32 may have a circular, star-pattern
or other symmetrical or semi-symmetrical shape. Most

advantageously, the dimpled region 32 has a symmetrical

shape, such as the illustrated cylindrical shape.

, such as the

agg.tZ 2 NOv 2%ua WO 02/ 099158 - PCT/ US02/ 17001 -
a



Conparati ve Exanple [0023] A partially spent 300 nmdianmeter Al Cu (0.5%
target having two-concentric projecting rings (4 mm height) produde@ ROVniyys
t hi ckness uniformty out of a narrow specification after approxi mately 800
kwh of sputtering with an Endura System using an A- Type nagnet (target
installed in chanber 4 and a standard set of shields)-this system al so
provi dé¥o p39sputteri ng device for the Exanpl e bel oRET/UIYIWYEL end s
magnetron contains several nmagnets that spin about an axis to generate a
more uniformfield. Unfortunately,_ tghe spinning magnetron produces higher
sheet resistance values at the center of the wafer than on the outside
dianeter (6 mmfrom edge)-see Figure 3. This indicated a lower film

t hi ckness $AMRHEIgR EXaBPlene wafer as conpared to the outer area of the

wafer. [002d9234ddi t ipopaktt 851§ MR 1300 Akt @lahdrecancar (0fssfhe target was
nodi fied by machining the inner ring to forma thin d| sc having a hei ght of

2 nm The BaFgRdt havingnfveneercentighagoierhing Haan d4gfMBove- | i ke

depr essi onpe Htﬁr pG:QJEBE@H' en1Rfed bﬁéﬁes%eﬁhﬁfonm fd&abicogs, the target was
burned-in to prior to the testing. Tables 1 and 2 present the sheet

resi st ancenéFéC)W Lﬁﬂefcé{fﬁlcﬁylaﬂdaf?ﬁlt@%@@la?bely e&fedwibvefy for the
partially spentes fgnQeRceat Eh&uré |g}gt@ﬁduggggngglpp gdpeenter version.

[ 0025] Table 1 neasures Rs uniformty - (Percént 1 Si'gna or one standard
devi at i on)ma@meia(memnl@ﬁtéélemre@@mb&@ §i ard asitiypdard amtedge

exclusion. o2 & NMA09:W0:02L 8RR pravidall end dFfalidefag17001

device for the Example below. The system’s magnetron

{ contains several magnets that spin about an axis to
generate a more uniform field. Unfortunately, the
spinning magnetron produces higher sheet resistance
values at the center of the wafer than on the outside
diameter (6 mm from edge)—see Figure 3. This indicated
a lower film thickness in the center of the wafer as
compared to the outer area of the wafer.
[0024] Additional tests were run after the center of
the target was modified by machining the inner ring to
form a thin disc having a height of 2 mm. The target’s
4 mm outer ring had worn to form a groove-like
depression. After completion of these center
modifications, the target was burned-in to 5 kwh prior
to the testing. Tables 1 and 2 present the sheet
resistance (Rs) uniformity and thickness data
respectively for the partially spent 4 mm concentric
ring and the modified~center version.
[0025] Table 1 measures Rs uniformity — (Percent 1
Sigma or one standard deviation) for a 200 mm oxide

wafer at 49 sites using a 6 mm edge exclusion.



Wafer/ Rs Uniformty (Percent 1 Sigma) Cathode -884 kwh -890kwh ,Spaci ng4 mm
Concentric After Center RingsMdification (m)Wafer AWAfer BWAf ZCNQVegM?
462.811. 98 482.281. 00 501.520. 72 511. 390. 64 521.161. 320. 850. 99 531. 230.
[0026] Table 1 illustrates an unexpected shift in optinumwafer to cathode
spacing resulting from reducing the inner ring height. In addition, the
nmodi f i eHOYMOE8 design i nproved Rs uniformty. Tabl ePQI/D¥2ATMObNAver age Film
Thi ckness -884 kwh After Center 4 mm Concentric Mdification Rings
Cent er 9738 A9382 A Bottonl0104 A9454 A Ri ght 10062 A9437 A Topl0092 A9465 A
Lef t 10090 A9365 A Delta366 A100 A [0027] Table 2 data originate from

operating the Endura systemfor ?gblseeclonds at 10.6 kw, with an 18

Wafer/ Rs Uniformity (Percent 1 Sigma)
Cathod
athode <884 kwh ~890kwh
Spacing 4 mm Canentric Aftgr_CenFer
Rings Modification
{mom) Wafer A Wafer B Wafer C Wafer D
46 2.81 1.98
48 2.28 - 1.00
50 1.52 5 0.72 |
51 1.39 WL 0.64 BT
52 1.16 ]7.'32_ 0.85 0.9¢9
53 1.23 T Dy 0.84 B
( : o
[0026] Table 1 illustrates an unexpected shift in

optimum wafer to cathode spacing resulting from
reducing the inner ring height. 1In addition, the

modified center design improved Rs uniformity.

Table 2

Location Average Film Thickness

~884 kwh After Center

4 mm Concentric Modification

Rings
Center 9738 A 9382 A
Bottom 10104 A 9454 A
Right 10062 A 9437 A
Top 10092 A 9465 A
¢ Left 10090 A 9365 A
Delta 366 A 100 A
[{0027] Table 2 data originate from operating the

Endura system for 60 seconds at 10.6 kw, with an 18
scem chamber/15 sccem backing plate flow of argon at a
temperature of 300°C with a wafer to cathode spacing of
52 mm and a chamber pressure of 2 milliTorr. Delta
measures the maximum difference in thickness (A)
between the center reading and any of the four outside

diameter readings top, left, bottom and right at



scram chanber/ 15 scram backing plate flow of argon at a tenperature of 300C
with a wafer to cat hode spacing of 52 nmand a chanber pressure Q ,g YT
mlliTorr. Delta neasures the maxi numdifference in thickness (/%) QY\A{;@
the center reading and any of the four outside dianmeter readings top, |eft,
bottomand right at 2 2 NOV 2005 WD 021099158 PCT/ US02117001 - 10 | ocations
near tIwooutosisele di aneter in accordance with Fi gurercjsse/arodar d Fi ve- Poi nt
Test). Testing at a greater nunber of sites tends to | ower the standard
deviation or sigma value. Therefore,,since the Standard Five-Point Test
tests at only five sites, it is rrucOh nor e stringent than alternative tests
t hat rreasure t hi ckness at ‘'several |ocations. anpl e [0028] An Al - Cu(O 5%
sput t er i ngleEAGERTTRRAF abhtir Btk Sidet Aiametem in @'r?c@ﬁgé?c‘?ﬂﬁ’gt having a 1.18

in. (3.0 cAguMd df NistaRdadd Zriva-poghci pogy) di Sl%stliﬁt& R & 3.54 in. (9. 0 cm
di aneter, i rrpr oved both sheet resistance and hi ckness uniformty.

Deposi t i nggamﬁfmmﬂﬁﬂo@lryoi shies denAs| Be bHer 2@ mirenfderdml oxi de wafers
provided g.PasisSdf 8; ﬁﬁr+met ar g.ﬁgefcpféfajrﬁq@gcghsﬁ andard process
for~t

conditions were use e eval uation as ower Argon Fl ow
(chanber) Skamgard [Fiwe-Badtkt Mipgi desfs havbky fivessdtes, Tehper ature Tar get

to wafer SE?Q&J&LZH%E% %@&i&geé%xyﬂan alternative tests that

measure thickness at several locations.

Example

{ [0028] An Al-Cu{0.5%) sputtering target manufactured
with a 4 mm high outer ring, having a 1.18 in. (3.0 cm)
width, and a 2 mm high inner disc, having a 3.54 in.
(9.0 cm) diameter, improved both sheet resistance and
film thickness uniformity. Depositing approximately 1
micron films onto 200 mm thermal oxide wafers provided
a basis for measuring targets’ performance. Standard

process conditions were used for the evaluation as

follows:

Power 10.6 kw

Argon Flow (chamber) 18 sccm

Argon flow (Backing plate) 15 sccm

Chamber pressure 2.04 mTorr

Temperature 300°C

Target to wafer spacing : 46 mm & 52 mm (thickness)
Variable (Rs uniformity)

[0029] Rs uniformity was measured at 49 sites on the

200 mm wafers using a 4D automated 4 point probe. A 6
mm edge exclusion was used. The film thicknesses were
measured at 5 location on each wafer in accordance with

the Standard Five-Point Test. The initial testing was



15 sccm 2.04 mforr 300C 46 mm & 52 nm (thickness) Variable (Rs
uniformty) [0029] Rs uniformty was neasured at 49 sites on the 200 nm
waf ers using a 4D automated 4 point probe. A 6 nm edge exclusion was used
The filmthicknesses were neasured at 5 | ocation on each wafer in-
accordance wwth the Standard Five-Point Test. The initial testing was WO
02/ 099 MBOAENSYS02/ 17001 - 11 conpleted at 3, 7 andPTBUSOMTPLr Rs
Uniformty (Table 3) and 3, 5, 7, 9, 12 and 15 kwh intervals for film

thi ckness (Table 4). The filmthickpgss and Rs Uniformty nmeasurenents were
made at a standard wafer to cathode spacing of 52 mm In addition, tests
conpleted at 100, to 1400_kwh relied upon_varied wafer to_cathode distances

(44 to 53 FPITFIDES @7t hedDOptI it $pECRAGURBFOTHL YadBEEeEi on of | ow Rs

uni form tys)fihdss, [0030] sTabp eardi SIOWaKt DEr BSvami fryrmisiymr esul ts for the
target with different wafer to cathode sgam ngs. Table 3 Wafer/TargetLife/Rs
Uni fornfy theelkrsits |(Tgbdmat) cat i drna rkGRASRMAIDDIRA Spaci ng () Waf er

Waf er Vaf eﬁn%ﬁﬁit@ﬁ@as%&ﬁénts were made at a standard wafer

to cathode spacing of 52 mm. In addition, tests

completed at 100, to 1400 kwh relied upon varied wafer
to cathode distances (44 to 53 mm) to locate the
optimum spacing for the deposition of low Rs uniformity
films.

{ [0030] Table 3 shows the Rs uniformity results for

the target with different wafer to cathode spacings.

Table 3

Wafer/ Target Lt:fe/ Rs Uniformity (Percent 1 Sigma)

Cathode 3kwh Tkwh 15kwh 100kwh

Spacing

(mm) Wafer Wafer Wafer Wafer Wafer Waferxr Wafexr Wafer

#1 42 #1 02 #1 42 1 #2

44 *11.00% | 1.22% | 1.12% [ 1.01% | 1.17% | 1.08%
46 0.75% 0.80% 0.86% 0.89% 0.70% 0.62%
48 1.16% | 1.11% | 0.93% { 0.72% | 0.97% | 1.10%
50 bt o0 ] 1-11s [ 10139 1.39% [ 1.82% | 1.56% | 1.45%
52 1.95%> 2.02% 1.62% 1.44% 1.79% 1.88% 1.59% 1.89
53 - 1 ” ~ 1 2.02% 1.74% | 1.88% | 1.93% | 2.02% 2.37%

Wafer/ Target Life/Rs Uniformity (Percent 1 Sigma)

Cathode

Spacing 300kwh 500 kwh 700kwh 900kwh
(mm) Wafexr Wafer Wafer Wafer Wafar Wafexr Wafer Wafer

$1 2 #1 #2 #1 #2 #1 #2

44 1.13% 1.10% 1.85% 1.80% 2.12% 2.04% 1.64% 1.84%
46 0.92% 0.77% 0.79% 1.05% | 1.14% 1.09% 1.31% 1.54%
48 1.14% 1.18% 0.92% 0.75% 0.75% 0.93% 0.69% | 0.84%
50 1.17% 1.46% 1.45% 1.33% 0.75% 0.55% 0.69% 0.57%
52 1.68% 1.54% 1.71% 1.49% | 1.24% 1.41% 1.35% | 1.01%
53 2.27% 2.03% 1.33% 1.50% 1.29% 1.44% 1.78% 1.58%




Waf er Waf er #1#241#2414241#2 441. 0081. 229%. 1294. 01%4. 17%d.. 08%

460. 75%0. 80%0. 86%0. 89%%). 70%0. 62% 481. 16%d. 11%0. 93%). 72%0. 97%.. 10% O e
501. 119%4. 139%. 3981. 829%. 56%. 45% 521. 95%2. 029%d.. 62%.. 44%9%d.. 79%1. 88 255% 5}\93
532. 029%. 749%4. 88%1. 939%R2. 02%2. 37% wafer/ C Targel Lifolks Uniformty (Percent
1 Sigma) th d a o 300kwh500 kwh700kwh900kwh e spacing (nmm) Wafer Wafer

Vaf er W evosdiss er VWAf er Wafer WAf er #1#2#112#1#2#1#2PCT/US62/17001

441.13%. 109%d. 85%. 80%2. 129%2. 049%1.. 649%1. 84%
460.92@@.77@@.79@&.05@&.14@&.09@&;3%§&;544

Wafer/ Target Life/Rs Uniformity (Percent 1 Sigma)

Cathoda 1100 kwh 1300 kwh 1400 Xkwh

Spacing :
() Wafer #1 | Wafer #2 | Wafer #1 | Wafer #2 | Wafer #1 | Wafer #2
44 2.24% 2.37% 2.07% 2.39% 2.18% 2.61%
46 1.99% 1.87% 1.42% 2.14% 1.54% 1.60%
48 1.19% 1.08% 1.52% 1.26% 1.28% 1.26%
50 1.23% 1.09% 1.35% 1.33% 0.65% 0.78%
52 0.79% 0.96% 1.19% 1.15% 0.79% ;1.08%
53 1.42% 1.18% 1.50% 1.27% 1.00% 1.18%

[0031] These data indicate an unexpected initial

decrease in optimum wafer to cathode distance for
achieving maximum uniformity. The target having a
center region of decreased thickness reduced the
initial optimum wafer to cathode spacing to about 46
mm—a 6 mm two-ring target had an optimum uniformity
with a wafer to cathode spacihg between 50 and 52 mm.
Then after approximately 900 kwh of sputtering, the
optimum wafer to cathode distance increased to 52 mm.
[0032] Table 4 illustrates the uniformity in film
thickness achieved with a wafer to cathode spacing of
52 mm.



481. 149%4. 18%0. 929%0. 75%0. 75%0). 93%0. 69%0. 84%

501. 17%. 469%4. 45%. 3380. 7580. 5540. 6980. 57% 2 2 NOY 2005
521.68%. 54%. 719%4. 499%4. 249%.. 419%4.. 35%.. 01%

532. 27%2. 03%.. 33%4. 509%4.. 29%4.. 449%1. 78%. 58% 2 2 NOV 2005 WD 02/ 099158 - 12
PCT(US02117001 Wafer/Target Life/Rs Uniformty (Perrent | Sigma) cathode s
1100 kWWOMYRWIE1400 kwh i pac ng Wafer 41Vafer 42VaPEFUSRNPOEr 42Waf er
#1Wafer 42 (am) 442.249%. 3792. 0792. 399%2. 18%2. 61%

461.99%. 879%. 429%2. 1494.. 549%4.. 60% 4811399d. 08%. 529%.. 26%1.. 28%1.. 26%

501. 23%1. 09%. 35%d. 33%). 65%). 78% 520. 79%0. 96%d.. 19%4.. 15%0. 79%.. 08%

531. 429%. 18%. 50%.. 27%. 00%d.. 18% [ 0031] These data i ndi cate an unexpected
initial decrease in optinmumwafer to cathode distance for achieving

maxi mum uni form ty The target havrartglea4 cent er reg| on of decreased
t hi ckness redueg —A-ta Y

o oAt L‘n"t“l

o o o e Ry Eepht oo [ EREE TRSEEAPT RAGRRIP RRARSITO 1O 200 Lade
spaci ng betwden $0_an¥03 jmA026ph¢ nl%a‘ZtSer 2870k MRS Y 9@ ki of
sputtering, tlhe 5opt{i hdA3nafErl 1o | cETdsde dilsRanddlishct e@Sdd to 52 mm

7 10659 | 10347 10302 | 10385 | 10325 357
9 10620 | 10320 10357 10317 } 10337 303
12 10738 10467 10342 | 10342 | 10452 396
15 .| 11009 | 10455 | 10522 | 10457 | 10530 554
100 11042 | 10535 10435 | 10477 | 10457 607
300 10665 | 10115 10157 10085 { 10092 580
) 500 10837 10887 10800 10851 | 10910 110
700 9480 9563 9510 9472 9521 o1
300 9289 9144 3101 9285 9192 188
1100 9008 3021 8960 9080 9011 120
1300 8625 8459 8424 8446 8462 201
1400 8100 7977 7898 8102 8071 204

[0033] As shown above and illustrated in Figure 4,
the delta in film thickness uniformity between the
wafer center and outer diameter appears to follow the
Rs uniformity data. Accordingly, the thickness
differences were minimum at the lower Rs uniformity
test points for the bulk of the target’s life. Toward
| the end of the target’s life however, there appears to
| be some divergence in this correlation.
[0034] Table 5 compares the delta thickness
measurement results obtained for the target with a
Standard Five-Point Test after each test period with a
standard wafer to cathode spacing of 52 mm and at an

optimum spacing of 46 mm.



[0032] Table 4 illustrates the uniformty in film thickness achieved with a
waf er to cathode spacing of 52 mm 2 2 NOV 2005 WD 02/099158 - 13

PCT/ US02/ 17001 Tabl e 4 KwhCent er TopLeft BottonRi ght Delta 2 2 NOV vy
31039410263102251028710245169 51040310177101851015210185251 -
71065910347103021038510325357 91062010320103571031710337303

12107380 62/0p3821034210452396 151100910455105221045 P30 E 501
1001104210535104351047710457607 3001066510115101571008510092580
5001083710887108001085110910110 7009480956395109472952191
90092899144910192859192188 110090089021896090809011120
130086258459842484468462201 140081007977789881028071204 [0033] As shown
above and illustrated in Figure 4, the delta in filmthickness uniformty
between the wafer center and out ampdeapeter appears to follow the Rs

uniformty ta_Accordingly the thickness differences were mninmumat the
| ower Rs uhi ¥8t n chf"éﬁ ﬁﬁatﬁt sortgpup Fafier) ko ¢fStapda ‘%NW £TM9 (fe. Toward
the end of |t he target s life hcmé@&'imd? ﬁB?‘émgppeé"F? écé‘lﬁm di ver gence
in this cofrelat Qﬂé TakH-e-5 o Pares—tHe §§ 2 i ckness
measur emen{ resu "53 ?% A 4@'}"’% qr The ;t éérlﬁiﬁm thh a %gfaﬁm &' Fi Ye- Poi nt Test
after eachtt £60 Cléokju tidga 0.70% 59%
) 300 580 80 0.92% 1.68%
500 110 90 0.79% 1.71%
700° 91 188 1.14% 1.24%
900 188 161 1.31% 1.01%
1100 120 189 1.99% 0.79%
5 1300 201 207 1.42% 1.19%
1400 204 95 1.54% 0.79%
[0035] The data of Table 5 and Figure 4 illustrate a

two-part method for optimizing sheet resistance or Rs
uniformity. First, the optimal wafer to cathode
spacing shifts inward in comparison to planar targets
to 46 mm. Then, after the target burns for at least
about 900 hours the spacing increases to 52 mm. This
shift enables sputtering manufacturers to maintain Rs
uniformity at a level less than about 1.5 percent one
sigma and a maximum delta thickness of about 250 A for
the Standard Five Point Test. Most advantageously, it
maintains Rs uniformity at a level less than about 1.3
percent one sigma.

[00361] Table 6 provides film thickness data for
various 200 mm Al/Cu.5% targets, measured at 100 kwh

with optimum wafer to cathode (W/C) spacings.



standard wafer to cathode spacing of 52 nmand at an optinmum spaci ng of 46
mm .2 2 NOV no WD 021099158 - 14 Table 5 PCTI US02/17001 Opti nu fer to
St andard Wafer to kwhThi ckness Del t aCat hode Spaci ng Cat hode SpaCIrE”l\é\aN@Vr’rZWR
MM 52 M 46 M Rs Uniformty Rs Uniformty (A (A (%1 Sigm)(%1°Sig
100607500. 70%.. 59% 300580800. 9294.. 68% 500110900. 79%.. 71% 700911881. 14%1 24%
9001881%W0102/89988 01% 11001201891. 999%. 79% 1300201207 1 PGDUFO2M15H

1400204951. 549%0. 79% [ 0035] The data of Table 5 and Figure 4 illustrate a
two-part nethod for optimzing sheetigesistance or Rs uniformty. First,
the optimal wafer to cathode spacing shifts inward in conparison to planar
targets to 46 mm Then, after the target burns for at |east about 900
hours the spacing increases to 52 mm This shift enables sputtering

manuf acturers to maintain Rs uni rablet§ at a Ievel | ess than about 1.5

1 1 r-l/nncc nt. 28N
percent O”WWW e rese PR IR TOr
(kwh) wm) | (A) | (A) | (B) | (A) | (B) | (&)
A 880 |4 mm Rings 52 9738 {10104 | 10062 | 10092 § 10090 366
C 100 |4 mm No- 52 10610} 10730] 10650 ] 10620 | 10652 120
Rings
D 100 |6 mm Rings 52 11477 {11040} 1101511212} 10972 505
100 }4 mm outer 52 11577 110682 1 10797 ] 10737 ] 10635 942
ring only
Al 885 |[After center 52 9382 9454 9437 9465 9365 100
Imodi Fied
1a 100 |4 mm—Outer/ 52 11042 11053510435 10477} 10457 607
2 mm Inner
2B 100 j4 mm-Outer/ 46 11067 1 110301{ 11017 ] 11020 | 11062 50
2 ma Inner
ia 300 |4 rmm-Outer/ 52 10665 | 1011510157 ] 10085} 10092 580
2 mm Inner
2B 300 |4 mm-Outer/ 46 10715 | 10702 10782 1 10780} 10752 80
2 mm Inner
1A 500 |4 mm—Outer/ 52 10837 110887 ) 10800} 108511} 10910 110
2 mm Inner N
2B 500 {4 mm—Outer/ 46 10189 {10180 (10200 | 10270 | 10245 90
2 mm Inner

[0037] Targets containing a raised outer ring and a
lesser—raised inner region facilitate improved sputter
uniformity. This target has been successfully
sputtered in a conventional sputtering system to
produce high uniformity deposits. The target is
particularly effective for aluminum and aluminum alloy
sputter target designs. For example, the target coats
substrates with a maximum of about 1.5 percent sigma
sheet resistance uniformity. Furthermore, it has a
life of at least 1000 kwh in a spinning magnetron
sputtering chamber using a type A magnet. Most
advantageously, the target has a life of at least 1200
kwh and has successfully tested to a life of at least
1400 kwh. This compares favorably to conventional

planar designs that have a target life of approximately
900kwh.



the Standard Five Point Test. Mst advantageously, it maintains Rs

uniformty at a |level |ess than about 1.3 percent one signa. L003§] Table 6

provides filmthickness data for wvarious 200 mm Al /Cu. 5% t arget s, QY
at 100 kwh with opti numwafer to cathode (WC) spacings. 1 2 NOV 1005 WO
021099158 - 15 Table 6 PCT/ U502117001

Tar get LWQEBOPYHS sW CCent er TopLeft Bott onRi ght Del ta ~ PCT/US02/17001

I D(kWh) (nm) (A) (A) (A) (A) (A) (A) A8804 net Rings52973810104100621009210090366
C1004 ma No-5210610107301065010620410652120 Ri ngs D1006 net

Ri ngs521147711040110151121210972505 E1004 rrm

out er 521157 2107971073 5942 ri.n Al 885Af

ot o1 22030 bA o 15 RARE SHATEAE dRnDb eV o BESRLAETor tnis

m- Cut er / 52iih2 100351 0430 Qdebak@4ng607oR e Iseppe PIAOERE, it

mm Quter/ 4611067110301 1102011 0 nun .l nner | A30

T Out or / 5210GRERG PE8761 SHATRRE £ 05 2BabE b K 6Pt 2650

mm out er / 46Hdelinl @ 802 4088 21 bh@£2388s 21 TIduHaei ve AB® Aot in

mu- Qut er / 521003710807106001085110910110 2 net | nner 2135004

mm Qut er / 461 04891378086286102701024590 2 nm | nner [0037] Targets containing

a raised outer ring and a

25



| esser-raised inner region facilitate inproved sputter wuniformty. This
target has been successfully sputtered in a conventional sputtering system
to produce high uniformty deposits. The target is particularly zefzf ﬁﬁgl Y&
for alum num and al um num al |l oy .sputter target designs. For exanple,

target coats substrates with a maxi mum of about 1.5 percent sigma sheet
resistance uniformty. Furthernore, it has a life of at |east 1000 kwh in a
spi nni ng nmagnetron sputtering chanberlising a type A nagnet. Most

advant ageously, the target has a life of at |east 1200 kwh and has
successfully tested to a |life of at |least 1400 kwh. This conpares favorably
to convent wenallaipl:anar designs that have a target |life of approximtely
900kwh. 2 Z Nov 2005 WO 021099158 PCT/ US02/ 17001 - 16 [0038] Many possible
enbodi ments nay be made of this invention wthout departing fromthe scope

thereof, it isjunder ; f th ten se (1] reinis to
be interpreted %é glféggggfﬁeﬁrgﬁg%%gt ?% agbfg%%t?%g sgﬁég. 912% 2005
-17 W cl alamsubst&aspuicoeprmieingr getcifrouldepdskski ngha deasér halviag aa

substrate conprising a circular disk, the disk having a s%utter life, a
radi us and SRY6FTsdrace 2 ﬁ@lPﬁpa§§rPa5€p R¥VIEAGSa EBRt &PPr SYFSARI thin the
inner hal f (@f;ithe or adinder tlReieNLALHied@R haKkRIna1$PYirt @hieng deposition
rate, an outer ring-shaped région within the outer half of the radius and a
base regi orasiépar, attihey ceng egemegriorr dgivangf rospuig egdngr depeg-ishaped regi on
the outer &5@ , an outer ring-shaped region within the outer half

of the radius and a base region separating the center

region from the outer ring-shaped region, the outer ring-

shaped region having a projection height for extending

the sputter life of the sputtering target and the center

region having a projection height of less than the

projection height of the outer ring-shaped region as

measured from the base region for increasing the

sputtering deposition rate on the substrate adjacent the

center region and improving sputtering uniformity.

2. The sputtering target of claim 1 wherein the
center region is a solid disk-shaped projection of

uniform height.

3. The sputtering target of claim 1 wherein the
center region contains a disk-shaped projection and a

dimpled region within the disk-shaped projection.

4. A sputtering target for depositing a material on
a substrate comprising a circular disk, the disk having a
sputter life, a radius and a top surface, the top surface
having a center region within the inner thirty-five
percent of the radius, the center region having a

sputtering deposition rate, an outer ring-shaped region



shaped region having a projection height for extending the sputter
the sputtering target and the center region having a projection he
| ess than the projection height of the outer ring-shaped region A
nmeasured fromthe base region for increasing the sputtering dep05|
on the substrate adjacent the center region and inproving sputter
uniformty. 2. The sputtering target of claiml wherein the center
is a solid disk-shaped projection of ’&ﬁrforn1height. 3. The sputte
target of claim1l wherein the center region contains a disk-shaped
projection and a dinpled region within the disk-shaped projection.
sputt eri ng widrtget ther cddposigisiy pantent gf dhe z;as;ub%ﬁt reatce &c&@FHE si ng a

circul ar

di sk,. the disk havi utter life, nd a .o
The top suristen AT b Salion Nadin Rt e i &ty
of the radidgiapdd@ RIS Y1RYIAR YA g -Ahagrid tz%rglrtgu depasid ion rate, an
outer ring- shaped region 2 2 NOV 2005 -18 within the outer sixty percent of

t he radius mea:u@a:ge herlé]‘:}'itorif@’erﬁa??teﬁfldﬁgﬁﬁ Hélebéﬁifth@rterredlltfr? faforhltehe out er
ring- shaped reqian Qﬁ@g nél eth 'HQQ pr oj ect
i e Lputt b

hei ght for é%f

Reerin target and

life of
i ght of

tI Ol’l 2&0[56

ng
regi on
ring

4. A

surf ace,
e percent

i on
t he

center reglmjtwﬁlngu dhe jited e@ﬁ |a15bd1e|zghttcof8cat1m;ttce&‘& tle<R0 YencaMe | ess

t han t he

projection height of the outer ring-shaped region as nea

from the ba¥e@ieshian Mighcrdasitfy WHET SPatEhaReHesEEian aif rate
substrate agiacgnd tﬂe)mqa‘?g eﬁfag(ggg d'arpqu MG SRPLRS 1 ng uni f

5. The sputtering target

alm4 ereln the center reglon cont

sur ed
on the
ormty
ains a

di sk- shapedsmprtgjeacitrigpmiegrus & i b i ted gredilen smbidtimatthediissterghaged regi on.

center region and improving sputtering uniformity.

5. The sputtering target of claim 4 wherein the
center region contains a disk-shaped projection and a

dimpled region within the disk-shaped region.

6. The sputtering target of claim 4 wherein the
projection height of the center region is about 30 to 70
percent less than the projection height of the outer

ring-shaped region as measured from the base region.

7. The sputtering target of claim 4 wherein the
sputtering target is aluminum or an aluminum alloy and
the sputtering target coats the substrate with a maximum
of about 1.5 percent sigma sheet resistance uniformity
and the sputter life is at least 1000 kwh in a spinning .

magnetron sputtering chamber using a type A magnet.

8. A method for sputtering a material onto a

substrate comprising:

ionizing an inert gas adjacent a circular cathode in a
sputtering chamber, the cathode having a sputter life,

a radius and a top surface, the top surface having a



6. The sputtering target of claim4 wherein the projection height of the
center region is about 30 to 70 percent |less than the projectio% hei ght of
the outer ring-shaped region as neasured fromthe base region. .2TN§V 2043
sputtering target of claim4 wherein the sputtering target is alum num or
an alum numalloy and the sputtering target coats the substrate with a

maxi mum of about 1.5 percent signa shegggjesistance uniformty and the
sputter life is at |least 1000 kwh in a spinning mnaghetron sputtering
chanmber using a type A magnet. 8. A nethod for sputtering a material onto a
substrate conprising: ionizing an inert gas adjacent a circular cathode in a
sputtering chanber, the cathode having a sputter |ife, a radius and a top

surface, (he LR SWLBEEHAYLRY Bne 2ahOY BOYD 529:fentehinggion wth the

i nner hal f of era an outer ring-shaped region wthin t outer half
of the radiusuaed aihgsshapgdomegeépar atthint hbecenter heyfonf £hem t he

outer ring-shaped regi n, ghe outer, ring- shaEed region having a projection
hei ght for exF@ﬁﬂPﬁg ngh@ Bﬁ?tEFgFPPeSgPaFﬂE Eﬁtﬁagecﬁﬁaefhﬁ Eéﬁger regi on
having a prOJ%EBMOBthbQEErOEih§S§hBBéB tbgiBh0] erbi 80tebei-gh-of the outer

ring-shaped region as neasured from the base region for increasing the
sputtering depeseti vrRgdanehandngnpr prongcspant beightuhptoertepdingnd

di sl odgi ng materi al om t he cathode wi rotat|] magnetron.to deposit
the material biFolPHEEERbALES: F SherfathefRon ar LEPaP AT ANGRELRRY he
cat hode coat spat/iggsHbpi-baketwohhhaigBxi BEM ds3 PRAGCBheSheBBEREEH
resi stance uniformty and the cathode sputter life is at |east 1000 kwh
using a type hepahhepf the outer ring-shaped region as measured from

the base region for increasing the sputtering

deposition rate and improving sputtering uniformity;

and

dislodging material from the cathode with a rotating

magnetron to deposit the material onto the substrate.

9. The method of claim 8 wherein the cathode coats
the substrate with a maximum 1.3 percent sigma sheet
resistance uniformity and the cathode sputter life is at

least 1000 kwh using a type A magnet.

10. The method of claim 8 wherein the cathode has an
initial substrate to cathode spacing and a second
substrate to cathode spacing, the second substrate to
cathode spacing being greater than the initial substrate
to cathode spacing, and wherein disloding material from
the cathode with a rotating magnetron to deposit the

material onto the substrate comprises

dislodging material from the cathode to deposit a first
portion of a coating on the substrate using the initial

substrate to cathode spacing to optimize sputtering



10. The nethod of claim8 wherein the cathode has an initial substrate to
cat hode spacing and a second substrate to cathode spacing, the second
substrate to cathode spacing being greater than the initial substgagﬁq \}%05
cat hode spaci ng, and wherein disloding material from the cathode w Oa
rotating magnetron to deposit the material onto the substrate conprises

di sl odging material fromthe cathode to deposit a first portion of a
coating on the substrate using the initi4?~ substrate to cathode spacing to
optim ze sputtering 2 2 Nov 2005 -20 deposition uniformty for an initial
period of tinmgepardtdiosl odgifegmadyi fioenah matierbal pbrewdt be eakleqode after
the initial period of tinme to deposit a second portion of the coating on
the substrateadsi ng the second substrate to cathode spacing to optimni ze
sputtering deposition uniformty for a second period of tine.

dislodging additional material from the cathode after
the initial period of time to deposit a second portion
of the coating on the substrate using the second
substrate to cathode spacing to optimize sputtering

deposition uniformity for a second period of time.



