Tilted Sputtering Target with Shield to Bl ock Contam nants 16 FEB 2004
FI ELD OF THE | NVENTI ON The invention relates generally to equi pnent for
perform ng sputter deposition on an electronic workpiece such s&?Egaﬁnm
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sputtering target and shiel or preventing particles of contam nants from
falling fromthe target onto the workpi ece. BACKGROUND OF THE | NVENTI ON
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workpiece.

Some types of commonly used targets tend to produce particles of contaminants that can
20 ruin the electronic device being manufactured if the particles are allowed to fall on the workpiece.
For example, indium tin oxide (ITO) targets typically contain at least one percent impurities. As
the target is sputtered, the impurities can agglomerate into particles as large as 1 mm before they
fall off the target. Another type of target that tends to produce particles of contaminants is a target
constructed as a matrix of tiles instead of as a single, monolithic target. Arcing in the gaps
25 between tiles can dislodge particles of the material used to bond the tiles to a backing plate.
The problem of contaminant particles falling on the workpiece is most severe when the
target and workpiece are both oriented horizontally, with the target directly above the workpiece.

In that case, almost all particles that fall off the target will lodge on the workpiece.

To overcome this problem, some conventional sputter deposition chambers orient the target

30 and the workpiece vertically, with the workpiece alongside rather than below the target. In such
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-1- AM3123 16 FEB 2004 designs, nost particles that fall off the target
will harmessly fall below the target rather than onto the workpiece,
However, it is difficult to nmechanically support a |arge gl ass s‘ﬁﬁsffat 2004n
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cont am nant es on the substrate and that can be perforned with a
hor i zosti@ltatjonoxitlsuit egicessibaly sataingSaifePéycretkidghe shhdieid. ON The i nvention is
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sputteéé AR a hSrizBthityeichieg REBstladan t he workpi ece position and is
ori ent at an angle of 30 to 60 degrees relative to the vertical axis. The

shield occupies an area such that any vertical line extending vertically
dowmward fromthe front surface of the target to a point on the workpiece
i nt er s SEMMARY OF Bl INYENTION o point. 15 Anot her aspect of the invention
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arrangement overcomes deposition nonuniformity that could occur with a single, tilted target.

Each target includes two sets of magnetic poles, the first set being mounted adjacent the rear

surface of the target, and the second set being mounted adjacent the perimeter of the target so as to

20 encircle the first set. This magnet arrangement enables the magnets to be spaced close to the target
50 as to maximize the strength of the magnetic field adjacent the target, and thereby maximize the

sputter deposition rate.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a partially schematic, sectional side view of a sputter deposition chamber having
25 two tilted targets with shields according to the invention.
Figure 2 is a detailed view of one of the targets and shields of Figure 1.
Figure 3 is a top plan view of the magnet structure behind one target.
Figure 4 is a top plan view of the magnetic pole piece behind one target.
Figure 5 is a partially schematic, sectional side view of an alternative embodiment of the

30 chamber of Figure 1 having reinforced shields.
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Figure 5 is a partially schematic, sectional side view of an alternative
enbodi nent of the 30 chanber of Figure 1 having reinforced shi QIEISFERQ[W&E
B 2004 Figure 6 is a top plan view of a sputter deposition chanber having

four tilt edFIgﬁfegﬂsSa @Pglanm B4 $pheBt @dpotiab@eiambet Bavigp four fltedtagdeavandi on

vi ew of the chanber Figure 6. DETAI LED DESCRI PTI ON OF THE PREFERRED
ENVBODI ﬂmszﬁl@(gees 1 and 2 shows a sputter dep05|t|on chanber 8 havi ng

two tilted ut rln tar ets ea target has a respective
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Consequent he “cur ment” o e inventi on enpl oys
| ong, invehtiewy rectangul ar targets 10, 12, each of which has a Iength
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atd 1 geladde ds@30. m:ﬁmomqwqwtdcmaéngtmamreﬁ 108 RakHuates afexpectedittenkdred i n
the chanber to slowy nove the substrate past the targets. The illustrated

enmbodi wedaspreap beg/in the neasfutared pi ni on nechani smin 20 which a toothed rack
42 is nounted on the bo t he substrate carkLl 46
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one pinion gear. A notor, not s rotates the pinion gears. Freely
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O i s s e It
The noft the illustrated embodiment, each target is 10 cm wide and 1 meter long.
Any conventional transport mechanism can be installed in the chamber to slowly move the
substrate past the targets. The illustrated embodiment employs a rack and pinion mechanism in

20 which a toothed rack 42 is mounted on the bottom of the substrate carrier 18. Pinton gears 46 are
mounted along the length of the chamber at spaced intervals no greater than the width of the carrier
18, so that the rack always engages at least one pinion gear. A motor, not shown, rotates the
pinion gears. Freely rotating idler wheels 44 support the carrier 18 at points between the pinion
gears.

25 Figures 2 and 3 show the arrangement of magnets above (i.e., behind) the targets. An
array of permanent magnets produces a magnetic field having a south pole along the entire
perimeter of the target and having a north pole along the long, central axis of the target. The north
pole of the magnet array consists of two rows of rectangular magnets 22 along the long, central
axis of the target, each magnet having its magnetic axis oriented perpendicular to the target, with

30 the north pole adjacent the target. The south pole of the array consists of one row along the

perimeter of the target of magnets 24 that are identical to the inner magnets 22, except that the
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pol e of the magnet array consists of two rows of rectangul ar magnets 22
along the long, central axis of the target, each nagnet having |i1s§ FEB 2004

magnetic axis oriented perpendicular to the target, with 30 the north pole
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t he et of magnets at afe identical” to the inner

magnet fadroticENFEtnet b ale solif pokes oANRliATer boaghtts t@Hehorth Potels op dieeucdr nexgaéts
outer magnet i's adjacent the target. A ferrous pole piece 26 (Figures 2 and

4) magseds todbinya Emagretic sirckit’. Jbis agnstie sirgfit pradudes  sagaeliffaald depiCledbY nor t h
pol es of ths outer gnets so as to forma "magnetic circuit". This
magnet ABOW$ £ 1 FigFotiuces a magnetic field depicted by arrows 28 in Figure

2. 5 Alternag, Valyl LUt Bn BekRSrcRRHPed Yithhelrfeangad W t hout
afsf ecting t%gﬂc%%gy?lﬁ’rﬁgﬁ@g{%@t&ﬂg]g%par gt ué. (clﬁ{glgi gdre 3, onilig a sanpling
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the tahggheé%h}?emé\sﬁil@bﬁ@ﬁt&ﬂdh SRRCEHes labele@Neptrical Iy insul ates the
t ar get omthe electrically grounded chanber wall 8, and a dielectric

oMl er  covernldequmicdl powsr mpplyonetshowncwpplissiadaige altematingveltage ohnegsveDgh
voltage on the target. The principles of operation,of. a nagnetr

sput t el"’Plrﬁ@esS@.tcéHi’ g?éh%gs?f (&ﬁé@ﬁ."git% tcigleé gFtaﬁ’ 62 AaJIFlgftgfi%%CIe§/?ﬂeavy gas
such AReBtridly inSulSMP Ble'tifed (R e tRaHY BrduiadiGambér Wal 8UARd SdEBcrrid 8hter
shown, ‘maintains a very IFow gas pressure within the chanber, typically 1 to
5 nilor gover IPgrow@gn pérsonne] fbm 28 deraldontaot witl hefhigevatage on drestaigat. t he

vicinity of the t a_r?et so that they circulate around a c‘lég{sledfl val path
paral | el t o Theerigawlasef ppeationel 4 WABICURA GRUteENg SYSEN A HECOEPRY 'ndlynet s 24.
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prec € sem-circu In order to provide at |east a

m i MGy AbiBowadindmediny a {419 16w pesipretsungwithiache citsnber, Tigpicelly ¢ w mTgr.
el ectrons collide with and ionize the argon gas atons. The | arge neﬁ tive

DC or dheenagacticield 3B tends tawan fiee qlegiigas injthe viepity of Hedprgetso thafdhey il ns
o as. EPeecto ovebent Braiftiy e SRR el ine ke S 2 R put Madh Bl 0!
E?C?EZ &4t D Wb RYGEiBnA Qndgheirth puRBin®fardeh@hd @@ids ofe&ihgmighi aolesiede on
20 are semi-circular in order to provide at least a minimum turning radius for the circulating electrons.
The circulating electrons collide with and jonize the argon gas atoms. The large negative
DC or alternating voltage on the target 10, 12 accelerates the argon ions toward the target. The
argon ions bombard the front surface of the target so as to eject or “sputter” material from the
surface of the target. Because the workpiece 20 is in front of the target, a significant portion of the
25 sputtered target material deposits on the workpiece.
Each molecule of material sputtered from the target travels in a straight trajectory away
from the target, but the trajectories of different molecules of sputtered material are distnibuted over
a range of angles. The distribution range depends on the specific material being sputtered, but for
almost all materials the trajectories of the sputtered material are concentrated in the range of plus or
30 minus 30 degrees from a line perpendicular to the front surface of the target.

As stated above in the Background of the Invention, certain types of target material, such

as indium tin oxide (ITO), commonly include organic contaminants that aggregate during
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25 sputtered target material deposits on the workpiece. Each nol ecul e of
material sputtered fromthe target travels in a straight traj ectorh[g\épg 2004
fromthe target, but the trajectories of different nolecul es of spt r %
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depen on e specific material being sputtered, but for alnost all
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I nvent$§§%§§5%%£%§§§ of target material, such as indiumtin oxide
e

(17O, y in organi ¢ contam nants that aggregate during -4-
A§B123 16 2 su&Pﬁ)ﬁrﬁﬁéé frigmabntahignatiap gretwarkpiecd, thenmysalign inchudss ashickds
particles that can fall onto the workpiece 20. In additjon, _a,har cetl

const r L4 tl6deksy eachuarpstxanskeach tasget il Astlas dlted redasivg ta thegericakanin) Therteld o get

carti chisseeP R bne o BE R0 bRt Y frath RSO RRbe Bl
Pr evente SHENPEEh LlEfalf UL ERAUARIARNIAR dblRwARITGh BReugbno tiewembicon

i nclu bel ow each target, and each target 10, 12 is
tiltedpdsaictintegset® tidwhieléntd paht #bovs the Froekgibdegioditionn Peaferaply sheplgiver edgsof

falling fromthe target before they_reach the workpiece, .heca he shield
GBcup! e Shivldingde RDRIHEL CHAYIOB R P2 1 PreHE e RTBNE RO iNTear e I ne

t ar get O&E@e rlﬁpi ece position intersects the shield at a point above
t he V\D?ligﬁié. %@%ltion. Preferably the | ower edge of 10 the shield includes

an upwar d- ex{ £86HvegtidraPspiet dipbsinbevieniter having £herszohtatipnosieniad raggesfthe t he
| oner edge of the shield. In a conventional sputter. depositi.o cpargger
havi ngwarkpiace zaust be pasitinmee direcilythglayethe arga 1n GrgleKirecedy %P‘a%‘agﬁ?é‘ YFBned

di rect bel ow the target,in order : | i tdeglied from
he ¢ algEre e Tpiardiies Boditfhn Rybl SEineen oL A B wSRRCEIST (i he
War Kpi & el cditainitiafl 264 CRNINRIBINAR tar AT Bet flse Sudhal shisidywotld Hiduk dmogetl,
bécause su a shield would bl ock alnost all the sputtered naterial.

Conver gelsputtared aratdriah| Converselyna @d‘tit:ai}ygé'ienw&limaem‘{l BoYRCFME e WE Ot B a
Vort | CRPRgPVEBI PG pmse i GURBP PRI Ty vsERAD BEEHed AR S
1t o o B o T et & har 2ot a1 20, component
to the traj éstierpresnohvérienshetittef du targetpeovidesthoth avertiqyl and a herizoptal
Cé)onpo n?:gltrlpgrl]én(t)\t,\cl)sﬂlé rt1r§j ectories of the sputtered target material. The vertical component allows the
substrate to be oriented horizontally without the sputtered material flying over the substrate, and
the horizontal component allows the substrate to be laterally offset from the target so that a shield
below the target can intercept particles of contaminants. The tilt of the target relative to the vertical
axis should be in the range of 30 to 60 degrees, preferably about 45 degrees.
25 The two principal design parameters for the shield 14, 16 are: (1) the length by which the
shield extends away from the target, and (2) the angle 8 between the shield and the plane of the
front surface of the target. The length of the shield should be great enough so that a vertical line 34
extending downward from the upper edge of the target toward the workpiece position intersects the
shield at a point 36 above the workpiece position (see Figure 2).
30 The shield in the illustrated preferred embodiment is perpendicular to the front surface of
the target. Alternatively, the shield can be angled more upward or more downward so that the

angle O between the shield and the target is less than or greater than ninety degrees, respectively.
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substrate to be oriented horizontally w thout the sputtered material flying
over the substrate, and the horizontal conponent allows the substﬁ ?Etg; 004
be laterally offset fromthe target so that a shield below the ta rz

I nter CB@&rem&ésﬁ]e L& legfatl\fegﬂhﬁ%ﬁ?d"ﬁrﬂ- thd BEzek hAd thOhddatagk BF AIBSwin g hRtthiser o0 t he
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t he workpi ece position (see Figure 2). 30 The shield in the illustrated
pr ef er taegkt émbootionnied higheparye thti workpece.o t he front surface of the target.
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i ncreases the anount of material sputtered fromthe target that is blocked
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di sadvagACME tHeaGtrkpiebdsichehat b éingeiat is@elpendiouiat ecthé tagdee andiawedstfiven the
wor kpi ece. Preferably, the height of the target above_the workpi ece should

not be centerpfahe targeito thiayaskpiece 15 15 o0 G imgbitior a jargeidiitedat a3 deerehingleted

fromthe.t t will collide with gas 0 ' ,ece.
At O he it el ertnol Pk d6is Mells (18 S ALATINORLAL ol RALBG 10149400 SRS
U5 5 1eheWlikbiecd@ REAlcRig @E chanihpresust dolRl ineaskithaiieah fredpath v& sRgRIgdat h

| ength of sputtered material from the target to the workpiece is 15 to 20

cm Equirgetireaterial, hephe wouldqermis p gfeates birgetihgighbsi t i oned at a  hei ght above

t he wor kpi e such.that .a line that is r dicul ar t .

extends fr oﬁlueo[ THEHMEZS Eﬁee‘?lgté‘?cet e rﬂbee[taI%% gmfcﬁge WO ‘F’l%%cg t‘gle }J&?ﬁé@l{egﬁéf&&@ gﬁ
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ERn frioe PRt ol SRS 850t 05} (T8I o hence weuld permit a oreater

Because the target is tilted and is laterally offset relative to the substrate, the sputtered target
material generally arrives at the substrate from one side. For example, in Figure 1 the sputtered
material from the leftmost target 10 generally arrives at the substrate 20 from the left side. If the
top surface of the substrate is flat, this directivity should not adversely affect the deposition of

25 target material on the substrate. However, if the top surface of the substrate is patterned with
openings that are to be filled with target material, as when fabricating metal contacts or vias, then
the directivity will be undesirable because in each opening more target material will be deposited on
the side wall of the opening furthest from the target. In the example of Figure 1, each opening will
have a maximum amount of material from target 10 deposited on the right side wall of the opening,

30 and a minimum amount deposited on the left side wall.

To eliminate this directivity, the illustrated preferred embodiment employs two targets tilted

in opposite directions. Specifically, the leftmost target 10 directs sputtered material toward the
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To minimze the distance between the target and the workpi ece, the
wor kpi ece preferably should be nounted as cl ose as possible to thﬁ rsrgkﬁl %M
14, 16 while deposition is being performed. |In the preferred enbo B ,
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bonmbardnent. The 'shield can be electrically floating or, as  shown in
Fi gur ebombagling e 5argétt Preferably the aerage digtange hetwigpnibe magnets and g eyt syface s.

the  madnited=zst i 155 g Din RS RETBFRLBY RN o Bl SHARGE HRHIESRIRECH ©
exposehd @rgeP4hh 8¢ leBthars DO ¢mbR: [REfcBIb), les@thanN08%) Bf @chetragd ¥ bedwedirthe
wi dth of the front surface of the targét and relative to the gap between
tHe magnetic poles of opposite polarity adjacent the target. (If the target has an elongated shape as in
the illustrated embodiment, its “width” and “length” are the short and long dimensions,
respectively, of the front surface of the target.)
The preferred arrangement of two oppositely tilted targets, shown in Figure 1, minimizes
the distance between each of the magnets 22, 24 and the front surface of the adjacent target 10 or
25 12 by mounting the magnets directly behind each target. Referring to the left target 10 shown in
Figure 2, the target is bonded to a first backing plate 38 whose function is to provide mechanical
strength to the target. A second backing plate 39 abutting the first backing plate includes channels
through which water can be pumped to cool the target and the magnets. The backing plates should
be constructed of material that is non-magnetic (i.e., non-ferrous) and that is mechanically strong,
30 such as copper or aluminum. A dielectric sheet 40 electrically insulates the high voltage on the

target and backing plates from the magnets and the outer cover 41.

In the illustrated prototype, the target is 8 mm thick, the first and second backing plates are
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magneti c pol es of opposite polarity adjacent the target. In the il]ustrated
enbodi nent, the latter gap is the gap between the i nner magnets 2bbahEB: 2R+
outer magnets 24. Mnim zing the magnet-to 15 target distance will naxim ze
t he st egigtimef thidke ambdivlettric sheeeis® m thivk. fTagidotenot froimecaah gbtheimapnets 22,

I medi atel y adj acent the target front surface, which wl]| max]ié&\éze the fl ux

densi t ¢4 0 therfeens swiers of Merigeget his thviim gf hese thiskpesspsaBihjchyqquals d maige Since

di st bet h d. .t} : is |

than 160 areey & to0arergary e sRlE AR E R K RS Thpebr OPRLO R ' o0
surfac Grpexfeﬁortamc BRLGR HistABEbéiwvebB&rh bh g MY CRBEIR Mok kefaklof thd st ishan
100% of the average gap between the 20 magnetic pol es of opposite polarity

adj acendss than thad@etm g4g betwvben thanpetetitgwleandpion dat terges hnpd 1xess than 66% of

i1 lustrated enbodj maﬂil its "width" and "length” are the short and | ong

di mens k00 mpewkith pf Be (@20t the front surface of the target.) The
preferred ar : ' | t 3 S4R:Ehgure 1,
i zes thOCarEREEeciq  HRBRRASL LY i theter RBOBl G SBERIR IR I o
sur f ac@référrédiembedinean hay,gkd shldld 04, 162Holld Heyigibenduighghat ftscanpgriet s
directly behind each target. Referring to the left target_10 shown in
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constructed of material that is non-magnetic (i.e., non-ferrous) and that
i s mechagecabdémblyt Fogyge 5 3owuibh lefsshiclp g é weddeddp twd pidmwalls §0etralcs opovalhivdet

40 oLkl WSS 6 AR L5, WP P R P
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are -7- FEB 20 ch 10 mmthick, and dielectric sheet is 3 mm
t b5 ck. tdheoplivall 36CTELS sidnwebcprewdnt theshivkhfremdleag. 24 to the front surface of

the target 10 is the sum of these thjcknesses, which equals 31.nm_. Since
each target Figurend apdn/ wlepgatehow Sg‘}é’tffaio‘ii’ﬂlﬁ%%‘?g s 1S RSP a%ﬁ'ﬁg%t}?l nﬁéb”#let s is
about 0TSl 0GR s PRI MBEE o t RlatefdPo@net s and
t he frésﬁ?ﬁg'spudrenggg&g{&tﬁﬁrgc%lgﬁgﬁﬁ S glbci%ess t%an \tﬁﬁg 20 ggp be?ween t he
magnet iworkplees 2QdTBe etitiert 18es1dwlygmt comirthonsly icentegs thetvharkpisOdrom left herigt0 nm
width of the target. If _the workpiece 20 is positioned as close to the

| ower iy SHCCEHRVESTPIBERNGIATEC!S- s in the préferred enmbodi nent (5 mm), the

shpeld 14, @pe%ﬁﬁ:'ﬂlﬁ REwohi@idle SDLHI Vil Bltrdnbe £ARMYK dAGmber 62. Lift pins, not

shown, raise the workpiece above the carrier 18 and then deposit the workpiece onto the carrier.
The carrier transfers the workpiece from the input load lock chamber 62, through the vacuum valve
64, and into the sputter deposition vacuum chamber 60.
The carrier then moves the workpiece below the first pair of indium tin oxide (ITO) targets
25 10, 12 which deposit a first layer of ITO film on the substrate. The carrier continues moving the
substrate so that it passes below the second pair of ITO targets 10, 12°, which deposit a second
layer of ITO film on the substrate. As the carrier continues moving the substrate to the right, it
passes below a MoCr or Cr target 70, which deposits 2 MoCr or Cr layer over the previously
deposited ITO layers. Finally, the carrier transfers the workpiece from the sputter deposition
30 vacuum chamber 60, through vacuum valve 66, and into the exit load lock chamber 68.
The tilted targets and shields of the present invention are used to deposit the ITO layers

because ITO targets typically produce particles of organic contaminants, as explained earlier.
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i nadvertently deflected so as to contact and thereby damage the workpi ece_
Figure 5 shows an 10 alternative enbodinent in which the shield is]P FEB 2004
reinforced to inprove its rigidity. Specifically, each shield 14, 16 is

wel de ' I ' - to: (o c I to
the. (17 Beteto SURE T Ehort b BSIRER, L LR ol P IS e
wal | s §Cr 1ayed, Bech@R MaCH afddCr meledege feadily@atliwle sitle high d&reeldfepusity dd 14,
side walls 50, and top wall 54 in conbination forma rectangular tube.

Si mi | addep not gemeratgpartigps ef apnieeinantsel ded to two side walls 52, which are
wel ded 15 to a top wall 56. The side walls prevent the shield fromfl exing.
Figures 6 and 7 illustrate how several sputtering targets can be arranged
within a single sputter deposition vacuum chanber 60 to deposit successive
| ayers of target material on the workpiece 20. The carrier 18 slowy and
conti nuously conveys the workpiece fromleft to right below successive
sputtering targets. 20 Specifically, the workpiece 20 enters via entrance
| oad | ock chanber 62. Lift pins, not shown, raise the workpiece above the
carrier 18 and then deposit the workpiece onto the carrier. The carrier
transfers the workpiece fromthe input |oad | ock chanber 62, through the
vacuum valve 64, and into the sputter deposition vacuum chanber 60. The
carrier then noves the workpiece below the first pair of indiumtin oxide
(I TO targets 25 10, 12 which deposit a first layer of ITOfilmon the
substrate. The carrier continues noving the substrate so that it passes
bel ow t he second pair of ITO targets 10', 12', which deposit a second

| ayer of ITOfilmon the substrate. As the carrier continues noving the
substrate to the right, it passes below a MoCr or Cr target 70, which
deposits a MoCr or C |layer over the previously deposited |ITO |ayers.
Finally, the carrier transfers the workpiece fromthe sputter deposition 30
vacuum chanber 60, through vacuum valve 66, and into the exit |oad | ock
chanber 68. The tilted targets and shields of the present invention are
used to deposit the ITO |l ayers because ITOtargets typically produce
particles of organic contam nants, as explained earlier. -8- AMB123 16 FEB
2004 However, a conventional horizontal target 66 without a shield can be
used for depositing the MoCr or O |ayer, because MoCr and Cr targets are
readily available with a high degree of purity that does not generate
particles of contam nants. CLAIMS
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16 FEB 2004 1 1. Apparatus for sputter deposition of material froma
sputtering target onto an electronic substrate, 2 conprising: 3 a vacuum
chanber; 4 a first sputtering target within the vacuum chanber, wherein the

first target has a front 5 surface thqt es generally downward and that
is tilted at an angle in the range of to 60 degrees, 6 inclusi¥§ FEB 2004
relative to a vertical line; 7 a workpi ece support for positioning an

el ectronic substrate at one or nore workpiece 8 positions within the vacuum
chhmberl. AppansisfosgpubiergitposHonpl magplidEine 8 sPHISENE A3 EY oI RIECUoRic substgte,

not e workpiece positions that are below the first target; and 10 a first h
shfeld CB f¥%8ned within the vacuum chanber bel ow the first target and

abpve said pikh@ssmpasitions that are below the first target, wherein

the first shield occupies an area such 12 that any |ine extendin

vedtical |y dofimswsputtefinprrgehwithinghe vauneachember, wherein he first sargetthas @%amy of

RS 11 FOaGT B Goeacraby AP VANEand R PR ahgh W piRt Engee 1) gl degees, !
Spé'“”inﬂﬁﬁ?éirélﬁ% tgggg&%Hﬁ]caccor ding to claiml1, wherein the first shield
f

urt herconpri sées an upward extending lip at the |lower end of the first

shyel d. 1 3.a wptkiplert selgoaso paitichjigednaidtiroaccabyiargatione of mora Workpieee ei n t he
wor kpi ece support positions the 2 substrate horizontally at said one or
no% e waIoRisioas withinsthe vesyam ghamber, sfhgrain $aid| anm el MPrsVabpIarLRULIoRS dplude et o

claiml, further .conpri.sing: ering target within the
sp%tterqrﬁlborgﬁvé) é?c,c %1%3? %a}%g%glé@ﬁtﬁ%ﬂ{sg{rﬁy eit’ gs a 3 front surface that

f ages gener & fipét a0 pasidonddaithih 8eesc@sn eliahtey belowahe fitsd earfar and abaiefsaide of
the 4 first target, and that is tilted at an angle in the range of 30 to

60 degreekpiecnpouidinsdhat aed below thetfysigamget, stheregmthe firf shicldRecyupies &t area 88 one

kpi i tions,includ ' 6 L . { hat
o2 "D i s ing ERisRiiRe YpORRLy Bt RO B aTRY ek SR Ao (Rufti bt G id "
vaguum &&%pﬁa@& pOSHENWY thdi GreSRERR thelfbdfbeaidl iARAYEA thSfisaitdelnat XPbiEsdove said
positions that are bel ow the second target, wherein the second shield

ot4upi emyamor@peceposuah t hat any |line extending vertically dowward from
the front surface of the second target to 1 -10- AM3123

1 2. Sputter deposition apparatus according to claim 1, wherein the first shield further comprises an

2 upward extending lip at the lower end of the first shield.

1 3. Sputter deposition apparatus according to claim 1, wherein the workpiece support positions the

2 substrate horizontally at said one or more workpiece positions.

. 4. Sputter deposition apparatus according to claim 1, further comprising:

a second sputtering target within the sputtering chamber, wherein the second target has a
front surface that faces generally downward, that faces generally toward the front surface of the
first target, and that is tilted at an angle in the range of 30 to 60 degrees, inclusive, relative to a
vertical line, and wherein said one or more workpiece positions include one or more workpiece
positions that are below the second target; and

a second shield positioned within the vacuum chamber below the second target and above

said workpiece positions that are below the second target, wherein the second shield occupies an

W0 -~ o B W R

area such that any line extending vertically downward from the front surface of the second target to
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16 FEB 2004 10 any of said workpiece positions that are bel ow the second
target wll intersect the second shield at a 11 point above said $n¥.
wor kpi ece position. 1 5. A nethod for sputter deposition of materi ﬁ‘ﬁ)r?.ﬂ%

g@utt%{msmw&t @@ég ositibrsh ah{gﬁ%‘l(ﬁu HRSInAlS ct »%nqa%tttw&c&ht?srﬁaea

nmount 1'ng W thinta vacuum c I rst spu terlng target having a ?ront
qur f acgninwbereksid ady toekfieceqtositianget is nounted so that its front surface
faces generally downward and is tilted at an 5 angle in the range of 30 to

60 degrees, inclusive, relative to a vertical Iine 6 positioning an
Sheet 80k EoeBHSLT P ferdioR ot FRIGOHE BEC RO R M BB A Ggg LT

V\kapl&ﬁﬁpm&b@fé§soﬁ that are bel ow the first target; and 9 nounting a
first shield within the vacuum chanber below the first target and above

sdi d wor kpireostigmwithinanacuimachamecriadirehputiering tasget haamget fromiserfaden whbrgin
first shield is .nounted so that it 1 pccupi es_an area Su h th any |ine
ot endé’ﬁéﬂﬁiéi‘rﬁF‘t}ém@g‘/‘n e e froBt e PR AEnealy Aesngardatd s 41k 1 38)

L ar et o e Ahe Plna8 3F S0 WPEORIEFGS. RATLILL 9Dfild1BL BRRaPRAOW the first target
will in shi e

er sect I rst at’ a point above said any workpi ece

p@si tion. 1p@smd§mﬁ@irhadcmﬁmtmlsme hoonel o inferd wofkipidch osidompwitlsin mge ¢deaumat ep
of providing an upward extending_ 2 lip at the lLower end of the first
sfii el dchambpr, vhasein aid o6 O6 ErhY OTkpiesr RPTHILNS iRHEAPRE QTHROTS NHRkpiggeepositions

p S't'ﬁ@ %ﬁ?@%&ﬂh@ﬂgﬁ %gpgﬁprlses 2 positioning the substrate

rizo t sai nmore wor kpi ece positions. 8. A nethod according

t@ cl ai m 5, nfouhtie4 fifs® BEIdSYiftEn tHee ablgPp Shadiber BeloWwlthe fisgtargdt Bhdaloveaaidum
chanber a second sputtering target having a front surface, 3 wherein the

secondwosipiase positiens thetare belowHhe first targatomherein theddrst shigdd is mewntedsq that it

d, f 4 t h f f he, fi t,

4 1 sotspESan acasing W HeeR e g el 8 Pt he kiR of Ve
-rel ati pg fQed 1 Qﬁ)t &GRAld WhiRBiec@PekiviiR iRk BreSRicy MR Sir&tItarFBY il MiHeldet @B first
positions 6 include one or nore workpiece positions that are bel ow the

siBcondshieldge t pomt dbdversaidrany rwprhbpisescposdioshi el d wit hi n t he vacuum chanber
bel ow t he second target and above 8 said workpi ece positions that are bel ow
the second target, wherein the second shield is nounted so 9 that it

ogeupi GSA%zﬁécﬁécc%mtg foh:?attmaﬂ")furlﬂte?@oﬁiﬁﬁﬁﬁ@ﬂx@gteﬁ%bk&ﬁdxhy afl Gyt bR t he

front surface of --
2 lip at the lower end of the ﬁrst shleld

1 7. A method according to claim 5, wherein the substrate positioning step further comprises

2 positioning the substrate horizontally at said one or more workpiece positions.

8. A method according to claim 5, further comprising the steps of:

mounting within a vacuum chamber a second sputtering target having a front surface,
wherein the second target is mounted so that its front surface faces generally downward, faces
generally toward the front surface of the first target, and is tilted at an angle in the range of 30 to 60
degrees, inclusive, relative to a vertical line, and wherein said one or more workpiece positions
include one or more workpiece positions that are below the second target; and

mounting a second shield within the vacuum chamber below the second target and above

said workpiece positions that are below the second target, wherein the second shield is mounted so

[Y=RENN- - B s SV - T

that it occupies an area such that any line extending vertically downward from the front surface of
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16 FEB 2004 10 the second target to any of said workpiece positions that
are below the second target will intersect 11 the second shield $§ &EBoR004
above said any workpiece position. 1 9. Apparatus for sputter deposition of
et er i @k sédopttagapobheof 9agd tvarkpetce poditoranha aedicionihe ssclyaitargeieyill itersect
conprising: 3 first and second sputtering targets, wherein 4 each target
Has a theserond shirkla 2 point abp sl s wIKPISHCPISHI®d by a perineter, 5 the
rear surface of each target faces generally upward, 6 the front surface of
each target faces generally downward and toward the front 7 surface of the
oher ¢ afgRkatupfod sfitich BefosRioh T GfiteriabfrémQd dpafiérath EpRT&IS ke slebtyoriebwlstrve, t 0,
and on opposite sides of, a 9 vertical plane of symmetry, so that the

f Bont sumpresceg:of each target is oriented at an angle in the range of 30 to

6Q degrees, .inclusive, relative to said vertical plane; 11 a first set of

ode or norellfhg §qcen<§,g?11ét§{1n§ggg|etﬁ ®fd"t he sane polarity, nounted adjacent
13 the rear surfaqf Qlect iR olfidn by Rk 884 a reh? s RrRECRIRIRRYy Oferiifer0! MO €
magneti c pol es, each Kaving a polrarlty opposite the polarity of 14 the
fisrst set, nount e rasljsatfecd oftdach peget fetegenefally hpwhrd, st target, wherein the

second set of magnetic 15 pales collectively encircles the first set of
nfigneti c pol es; front parfare b eachrtagsiciaegs geprrallndgwavard apg tevard iefioi ayi ng

t he sane.pol api t t adj acent 17 the rear surface of the second

tgr gets,u Eioﬁlgmé%l?%tr%g%’ %gq of one or nore magnetic poles, each having a
pglarity opposit eelthd tRgkBrakd driddited sythnidtecallpirélaieeto, andundppdsitdiid @fifa t he
perineter of the second target, wherein the fourth set of 20 magnetic pol es
c8l | ecvérted] plasnef synmetry fro thatitheifrens suricend gardt thugets oEented atjap anglsin ther us

according t im9.  further c rising- 2.a wacuum chanber encl osing the
t wo ta?a&g? g&@t?zé@e&r%ﬁ%]iu@g&ﬂﬂnﬁ %ttotsm?lpvr’:_ T ining an el ectronic
gybstrate af RAeiUf AR LMY HBEREE pdlcb Rt hAMs: tht bithapslastyy AoULEY eljacde! |
wherein said one or nore workpliece positions include one 5 or nore

vidr kpi degegpesife¢ecnfshe hiest tazgets bel ow the first target and one or nore
Vﬂr kpi ece pgss,tlaéoln rs]:gt of%n% r(])la }no?er glaé):%ﬁgvﬁlofcg,%agheﬁ%?rgg .':tl Sélﬁtty'opp%salteﬁﬁeBp(ﬁgr?@ of

14 the first set, mounted adjacent the perimeter of the first target, wherein the second set of magnetic
15 poles collectively encircles the first set of magnetic poles;
16 a third set of one or more magnetic poles, each having the same polarity, mounted adjacent
17 the rear surface of the second target; and
18 a fourth set of one or more magnetic poles, each having a polarity opposite the polarity of
19 the third set, mounted adjacent the perimeter of the second target, wherein the fourth set of
20 magnetic poles collectively encircles the third set of magnetic poles.
1 10. Apparatus according to claim 9, further comprising:
2 a vacuum chamber enclosing the two targets; and
3 a workpiece support for positioning an electronic substrate at one or more workpiece
4 positions within the vacuum chamber, wherein said one or more workpiece positions include one
5 or more workpiece positions that are below the first target and one or more workpiece positions
6 that are below the second target.
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1 11. A nmethod of sputter depositing material froma sputtering target onto
an electronic substrate, 2 conprising the steps of: 3 nounting fiﬁst Eﬁd
second sputtering targets within a vacuum chanber, wherein each t 595 aﬂ!l#
has a fIr anhedod bAgettandepasitiea masuiaf fice aspoitarsigaatghbyorgo preeleaeinee subatiae,
wherein each target is nmounted 5 so that: 6 the rear surface of each

t r get COMBEBNEJBHEERY 9y upward, 7 the front surface of each target faces

O3 he tup 135 e TR PR Spb &5k LB WG PG ThahlS. Bhifeln S8 ket 21

9”the two t are orrente ative to, and on oppo
siydes 19k a front dfaceahd & Adar Bhrddte efdircfedBYRL ;?]eﬁmew, e hérbie chelontges trhagredf
each target is oriented at an angle in the 11 range of 30 to 60 degrees,

i Acl usionbat:rel ative to said vertical plane; 12 nounting a first set of one

or. nore magnetic pol es, .each havin he sane pol ari.ty, adjacent the rear
s@rface of the f‘th§?art5‘é‘if§°§t°?ei°i‘tﬂﬁggh{ai:‘?‘?ggaaergl&ﬂ?\‘ﬁar et of one or nore

mggneti ¢ pol es, m@%nﬂa}ﬁaegoﬁemtﬁ drir¥ce@ BORSAIEd Ry ard BndRhaikd the Rt t he
first set, adjacent the perineter of the first target, wherein the second
s@t of suifagnef the othkbtapgetemdcol | ectively encircles the first set of nagnetic

poles; 17 mounting a third set, of one or. npre nagneti ol es,. each having
t Be same pol ari t i€ tyAtaHEERpre OI@“icﬁéYIF"é'&F"Cgﬁ)‘ f%@gé?’ apﬁegé’ae%w& Sf‘d?ﬁ BEL”; and

38 ar: 1t phot BLlnaR o8 P OF, il (R BPOARS MiEclPo Rete CRARANGKIRET, o1 s

qfi t herapecersh o@OARErecIfNiTe, tIRiVeaIEdid vatitalglark]l magnetic pol es
collectively encircles the third set of magnetic poles. 1 12. A nethod
décor di ng t mouhtrign first set of enrcgr merapregastispolasecash dpvipg thepgriernolithgdiagent

el ectronic su strﬁhgﬁft one,.or rmore wor kpi ece positions within the vacuum
3 chan&rea {36 I B%E%0r nore wor kpi ece positions include one or nore
vRr kpi ece pRRLkdRSsecnd &Rbf Slcorkdre Wabhicf fold! edchhgding apdlpiteososiothe

wor kpi ece positions that are bel ow the second target., 1 13. Apparatus for
dput t epolariyes ite fust sof, adiatent ithel pefimstar af thedirsteargerg whereipethe sepoad sef of Magnstisni ¢

substrate, conprising:. .3 vacyum chanber; 4 a first sputtering target
5&% hi PR PEetiNg %}‘faﬁ‘%%meﬁﬂéh‘? ﬁnagn%lwepcﬁsrst target has a front surface
figci ng genepalhindoMaaethidRg opmoRahagietit P6les, each having the same polarity, adjacent

18 the rear surface of the second target; and

19 mounting a fourth set of one or more magnetic poles, each having a polarity opposite the
20 polarity of the third set, adjacent the perimeter of the second target, wherein the fourth set of
21 magnetic poles collectively encircles the third set of magnetic poles.

1 12. A method according to claim 11, further comprising the step of:

positioning an electronic substrate at one or more workpiece positions within the vacuum

chamber, wherein said one or more workpiece positions include one or more workpiece positions

4 that are below the first target and one or more workpiece positions that are below the second target.
1 13. Apparatus for sputter deposition of material from a sputtering target onto an electronic

2 substrate, comprising:

3 a vacuum chamber;

4 a first sputtering target within the vacuum chamber, wherein

5 the first target has a front surface facing generally downward and a rear surface
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-13- AMB123 6 facing generally upward, 16 FEB 2004 7 the front surface is
characterized by a wwdth and a I ength such that the width is l.ess 8 than or
equal to the length, and 9 the front surface is oriented at an ar]‘gle B ﬁﬂbg
r@nge_fgginggegegalgpuﬁi@ga,ees, inclusive, 10 relative to a vertical ﬁrﬁt 1

wor kpi ece” Support for positioning an electronic substrate at one or nore
wbr kpi ece 12 posthe fronssufachisrehataeterizasiyng wisinied 2 lengibrsaeinthaibing widd 1vleshpr e
wor kpi ece positions intgl ude one 13 or nore workpi ece positions that are
bl ow thafeorgquaktodhs lepgth. il 5 first set of one or nore nagnets each having a

ngrth magnetic pt?lh SrofPsiiHacd isgcﬂje?xﬁegrﬁg at Ble dmhE SAGe 9F80 RE6 BrdedSintiusiot,

target, wherein € nagnets ITst” set are nounted so that the

¢o! | eGtlaMee tokbvettyiRI e di st ance between the north nmagnetic poles and the

front surface of the first target is |ess 17 than the width of the front

$Urface of awerkpieceSupRErifer POSHRNING ALRIeRIPNIIDHFAGHONG OT IOFCWRHEHEE s each

havi ng a. . south netic | e .nount ed | : : f; t he
VB ot TRt vRLTE v ae ot ChalE, Bheitln Tk PHE B mofe b RBeL Rt iRdGacting T
?9 col d;66drk \WorRYiEdcARRIHINS RN & bRV @e fird kegaout h magnetic pol es and the
ront surface of the first target 21 is less than the wdth of the front

s4rf ace of 4 fist 6t of bnd aryerte; maPetsioarhdiavingteendrihmeagnghivipege mowated @dpcet the
magnets col | ectively produce a netic fiel t the 2 r ont I 2 of
TheF inpartsortareseh b st eeh o mrout g et fssfhey el malled (ol BREORER
ghet ] £ 3 dePRst akaisABRar at us
TBa0r divRipef disie Sedizeh (R Aok Hhagg g B e o et et e

39 t hahar B wialh efahd frentaveegsf the Stsanegetmmtinveen the 3 north nmagnetic pol es
and the front surface of the first target.is Ieﬁémthan hgllf th vvidthtof
the front ®8acPae setof ops/@r mpredpagngts a¢h haying asqufimagisHe Plegpownied AJIACEN g set

ﬁée Moyt el s&x?ac:'[eﬁngh%e#é}%% @%ﬁk,%&%ﬁ ﬂfé\fﬁzgg"ﬁgﬁ g@?ﬁts@&ﬁﬁ REIWERIUnted sbligar Ut h

gheti'c¢ poles a surface o Irst target is less than half

pbe Wi ghllac@fe dveige Gistanoabetswed thesowth ndgeetid pedds and tigefront surf&e o phet first target
deposi tion apparatus according to c¢claim 13, wherein the workpiece support
Bbsi t i ioness timnithe width of thet{eonh syrfacg of theifirstdareglai d one or nore workpi ece

sitions. 1.16, tter Lt r . ' P
? Cther o or‘rﬁllh?rs?fn n@g %‘f& gnﬁl:gegeg(gée% FnANRA BhUS VB FRE LY ntddn€hHidT bthe
23 front surface of the first target having a magnitude substantially greater than any other magnetic

24 field at the front surface.

1 14. Sputter deposition apparatus according to claim 13, wherein:
2 the magnets of the first set are mounted so that the collective average distance between the

3 north magnetic poles and the front surface of the first target is less than half the width of the front

surface of the first target; and

5 the magnets of the second set are mounted so that the collective average distance between
6 the south magnetic poles and the front surface of the first target is less than half the width of the
7 front surface of the first target.

1 15. Sputter deposition apparatus according to claim 13, wherein the workpiece support positions
2 the substrate horizontally at said one or more workpiece positions.
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2 a second sputtering target within the vacuum chanber, wherein 3 the

second target has a front surface facing generally downward and facing 4
enerally toward the front surface of the first target, 5 the se r

g y g CEFER" 4

hgs a lréegfmt%‘HEﬁ&ﬁiJﬂ?&FgF%@tlﬁ%@&fr@ihkYo @lﬁmw,,fuﬁhérfasmbﬁgﬂgzt sur face

characterized by a w and a length such that the width is less 7 than
02 equal t @ fehend spogting @rgehwithindhe vasunhabember, whewint ed at an angle in the

f 30 to 60 d , Lnclusive,. 9. relati t tical .line, d
187551 0 one or bR ooEN FRRALES BheriTAc fhice SmeraheSot R end Biing coe
p&’Sitiréﬂérapg?éwaréﬁhcaﬁ&ltgﬁlf&‘é’otfﬁﬁfﬁ?tct@xggt,tarQEt; 12 a third set of one or

eac th magn

nor e gne aving a nor Ic pole nounted adjacent the rear
sgrface of the sieeewdnt argathas shar airfact feimgpgnetaiy apwhide third set are
nounted so that the 14 collective average distance between the north

nfignet i ¢ pol es athe fronesurfagmis chapelerzeddy a Wit gkdalgnsth sughythgithe wadth asless; han
t}ze vm'gth of the frlont surface of the second target; and 16 a fourth set of
ohe ort ?H)?feeqr‘f'&gﬂqé?% BEBh having a south nmagnetic pol e nounted adjacent 17
tge rear surfacepefrohhgifues ANGichRA 48in andieinehéranBe oMU RA(Bdepteck NAclhevg,t h
set are nounted so that the 18 collective average di stance between the
sBut h mgreto cvepadabiingnddt he front surface of the second 19 target is |ess

than the width of .{he front surface of. the cond target: .20 wherein the
dfi rd and fourt hS&&PRE ‘Hfm?Fﬁdﬁ’g]E@“@d%OP‘é‘BP? \P&f“@e BROYBETCVOrkBives PeSItqns that o

tthe 2 the second target having a magni tude substantially

é?eat éagétgﬂg{r‘]“gﬁé&gg tea(%-)éertﬁagnetic 22 field at the front surface. 17.

Appar at us fothirgpet dfene deposd hagmetsehchnhiverg @horfly oagretis poketreountgl ddgacgmtthent o

an electronic 2 substrate, conprising: 3 vacuym chanber; 4 g first

sput t elernyTiags glethe $faoR{ fargsievhierein tia @Fﬂﬁﬁé& ,th‘?/\ﬁga SFtIgmoyate s g’lat M8 get has
fron 1 f aGi h f.aC-Ag

Janer S a§H s FigPSlsBeo RREER: MBI BORs nd BT B of B sBRRED,

nange @fgedfd 16 théh dlegidRef hedaintigirieee of e seloatlitargetf anda vertical line; 9 a

wor kpi ece support for positioning an electronic substrate at ogfaor nor e

Wér kpi ece afourth set of one or more magnets each having a south magnetic pole mounted adjacent
17 the rear surface of the second target, wherein the magnets of the fourth set are mounted so that the
18 collective average distance between the south magnetic poles and the front surface of the second
19 target is less than the width of the front surface of the second target;

20 wherein the third and fourth sets of magnets collectively produce a magnetic field at the
21 front surface of the second target having a magnitude substantially greater than any other magnetic

22 field at the front surface.

»

17. Apparatus for sputter deposition of material from a sputtering target onto an electronic
substrate, comprising:
a vacuum chamber;
a first sputtering target within the vacuum chamber, wherein
the first target has a front surface facing generally downward and a rear surface
facing generally upward, and
the front surface is oriented at an angle in the range of 30 to 60 degrees, inclusive,

relative to a vertical line;

[U=TN - I B S & N T

a workpiece support for positioning an electronic substrate at one or more workpiece
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-15- AMB123 ,16 FEB 2084 10 positions within the vacuum chanber, wherein
said one or nore workpi ece positions include one 11 or nore workpiece
positions that are below the first target; 12 a first set of one P FERe

TRENC! SpRRfells WA e Jalid thARINSILCeiR 08 ol U SH AL Soslldfs inkTudeTHE

surfac Irst target; and 14 a second se nor e magnet s
edg¢h haatimgre avcilpiede pospioat that grebelownhfigdgdacent 15 the rear surface of
the first target; 16 wherein the magnets are nounted so that the collective
avér age di stahwsesabef orecor mefe dnagnats prclideving aperte eagpefictiode mporied adjn¢eat theof

t first t et,is.less than two tinmes the average gap 18 between the
ngsth rﬁaﬁgﬁ%ge%fotb%grsgﬁaﬂg?haéﬁsouth magneti c poles; and 19 wherein the
mygnet s col | £glchyPley oPERAMGRore niRHAELAcH hhiligh d s@ith hh@nd AdhhRa he
first 20 target haviong a magnin%agde substaln%i gl I yhgh%gatﬁm% han angdjg{:%"tér

mafnet i the faaeswfame of the firstoargetsur f ace. 18. Sputter deposition apparatus

according to claim 17, wherein agg magnets are nounted.so that 2 the
cdPlective avesredhemagnetsaze oupied so &g he ﬁ%l&‘i%‘t’q veRAsE distaggg betwsen padt

syt ac : | ' V, n the
nlcll)?t h 'relrna n(g%l?go%éo esth%%ﬂﬁ%f ag%{f[ﬁé ﬁrrgsgtr?}e%? ({:g I%Jc%lq%@ @Oﬁﬁesgg‘g?%gégvge oéd osition
appar atiesweeaahd slbrtigmbgnetit pbles ind thebautk magidie poleskqpidece support positions 2
the substrate horizontally at said one or nore workpiece positions. 1 20.

Split t er depo¥irareiptheappenets cpdlegtvebrmapdnge a sagneficfieldat &lmfrpweﬁurfa%@frthh@ firsy: 3
. _ o oo
2% ger raSiav i ket AR Blos il i b A BER AR AR EERE frink fraBE N

generally toward the front surface of the first target, the second target
has a rear surface facing generally upward, 6 the front surface is oriented
at ‘an dfgbputien deppsitioaragpargius 3ccordns i deigy be svheraic thganagacts are meunied sethad a

ti | i d 8 id .kpi it ' d
mobe wrEEeSRErEr SRken ol SR AR RS EBE R (Pt 6Pt el
sey of i9REs Bhn HRI29erABE BEY SetRB&Tthd AN SIagneie pblts BRDME sbisth RRlgAetidpdltLd
adj acent the 11 rear surface of the second target; and 12 a fourth set of

one or nore magnets each having a south nagnetic pol e nounted adj acent

1 19. Sputter deposition apparatus according to claim 17, wherein the workpiece support positions
2 the substrate horizontally at said one or more workpiece positions.
1 20. Sputter deposition apparatus according to claim 17, further comprising:
2 a second sputtering target within the vacuum chamber, wherein
3 the second target has a front surface facing generally downward and facing
4 generally toward the front surface of the first target,
; the second target has a rear surface facing generally upward,
6 the front surface 1s oriented at an angle in the range of 30 to 60 degrees, inclusive,
7 relative to a vertical line, and
] said one or more workpiece positions include one or more workpiece positions that
9 are below the second target;
10 a third set of one or more magnets each having a north magnetic pole mounted adjacent the
11 rear surface of the second target; and
12 a fourth set of one or more magnets each having a south magnetic pole mounted adjacent
13 the rear surface of the second target;
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13 the rear surface of the second target; -16- AM3123 16 FEB 2004 14
wherein the nagnets are nounted so that the collective average distance
bet ween the 15 magnetic poles of the third and fourth sets and t hel brbbB 2004

g4rface of WhaeinarOMdgheld #8indusitel €6 that tharollsvtive INerigerisanchbetaear dige gap
bet ween the north nagnetic gol es of the third set and the south nmagnetic 17

6! es magretie pplos pf thedbird anghigunl ssihanrdbn fronesuniagmel the sPP@ RS} & PSHBRINR a
gnetic field at the front, surface of the second 9 target .havi a
TRgn: e bptra fRtepv R ool poig AP g sbrrd YRR on
Slk}rfaclgcil&fofﬂ%@fohﬁﬁséteﬁﬂﬂ‘d target. 1 21. A nmethod for sputter deposition of
nat er i froma sputfering target onto an electronic 2 substrate,
qQenpri si ng wherestthpmaghetScotledtivel yngrodudeiarmagnepeificldiat the fioar spefacafithe secand
vacuum chanber, wherein 4 the first target has a fron‘L Su%g?e fa(r:tj ng
d8ner alarget imingmmagrinle subsantially greaterthan any ehergaagaeug 1igld aiihe frant §rteerok 1 ont
szérfacg S cggqr’racterized by a width and a |l ength such that the width is
1¥ss PeOHRRL18equal to the length, and 8 the front surface is oriented at
an angle in the range of 30 to 60 degrees, inclusive, 9 relative to a
vertical line; 10 positioning an electronic substrate at one or nore
wdr kpi 2t e\ meshiot iforsputiért depositidreofnaaterighfroma spvitatieg targehente iap cleaiMdne or nore
wor kpi ece positions include one or nore workpiece positions 12 that are
bél ow ﬁ‘ﬁé‘rﬁﬁj‘ﬁ"’r@f“ﬁ“& e sERS ounting a first set of one or nore magnets so
t hat each bl : harh¥erRE&IEMI C pol e nount ed
adj acent tE@%Pgtgnrgoiﬁlﬁs?%%ﬂegﬁéﬁ%ﬁﬁlrﬁ?tﬁdg%rg?, wherein the nagnets of the
fiarst 15 set ar cherfirstrihepdt lss atfromt surfeee Golngegenenally downwgrd and sreanswfaset ween
the north nmagnetic poles and the J front surface of the first target is
| ess t faginggsBerplly¥RWaRd: t he front surface of the first target; and 17

unting a secon dE%‘%cd'?}gQ%ﬁhﬁf?dBM aacHaPER Qidifhs ke
rsne%cond set has aﬂlc?génstg%q%g?rsag{naétlc pol‘e nount ed adjktgcent the rear surface
0f7 t hethah bséquiabtaxit lengttgted N t he magnets of 19 the second set are nounted

so that the collective average di stance hetween the ut net.i ol es
2@ and the front thefFenssardase iy P@W?@%@@%&lﬁ&mﬁF?qgéé’giﬁ%@ @%gee\ﬁn’ ‘B@HBB?’ t he

f1gont S R6Sa Wruibdifind 75T target;
10 positioning an electronic substrate at one or more workpiece positions within the vacuum
11 chamber, wherein said one or more workpiece positions include one or more workpiece positions

12 that are below the first target;

13 . mounting a first set of one or more magnets so that each magnet of the first set has a north
14 magnetic pole mounted adjacent the rear surface of the first target, wherein the magnets of the first
15 set are mounted so that the collective average distance between the north magnetic poles and the

4 front surface of the first target is less than the width of the front surface of the first target; and

17 mounting a second set of one or more magnets so that each magnet of the second set has a
18 south magnetic pole mounted adjacent the rear surface of the first target, wherein the magnets of
19 the second set are mounted so that the collective average distance between the south magnetic poles
20 and the front surface of the first target is less than the width of the front surface of the first target;
21 wherein the first and second sets of magnets collectively produce a magnetic field at the

22 front surface of the first target having a magnitude substantially greater than any other magnetic

23 field at the front surface.
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21 wherein the first and second sets of nmagnets collectively produce a
magnetic field at the 22 front surface of the first target having a
nmagni t ude substantially greater than any other magnetic 23 fiel d §tFEBe2084
f1ont unfraediod d6okdiBg 2084ind 2 Pavhefeinet hod according to claim21, wherein: 2
t he magnets of the first set are nmounted s t&%,the collectivg avera]%te

j1@g he

a2 st ance behasugnetmal the figg setaremgHaied &0 198 ty§, &V ef35/HSINGE PEweeR

first target is_| n Molr £ e
iy ot noapgatenel OES el ShAL buctalf of HE T Rirgl¥Eichd O natf UEMBEST B ORE,
chl | ecduifuee GMBE ABte tig&t aEice between 6 the south magnetic poles and the
front surface of the first target is less than half the width of the 7

fSont surf abe noiznethef thiesetont setgee mouned so Ranibe hollEcHre dresgsdlistance baiween 1,
further conprising: moynt i a seco sputtering target .wthin t vacuum
chanbehe Shbmazhetd s 0ddbmfSeeaece fide Bt et Re AAPattht Mftpafear Ty
dewnwag o . angadAs Rdfirst erally toward the front surface of the first
target, the second target has a rear surface facing generally upward, 6 the

front surface is characterized by a wwdth and a | ength such that the width
is less 7 than or equal to bhe | ength, 8 the front surface is oriented at

ah angi® A methed apenigiag &9 clatn 24, IBhefEQPPBENE; nel usive, 9 relative to a
vertical i | -8 ' bi | .k ncl ude one or
e vor kpi BunBlih o RE B e RidinIRE HLAREHABEL (¥R T 112 mount i ng
azthird set of othe secondnirgetrtagadiot sufdch fcirppgeheratlydewnohrd dnd fatingd set has

a north 13 magnetic pole nounted _adjacent the rear surface of the second
t 4r get gengrdly dpwandribe franffurfaceef theBrst laagsthi rd set are nounted so that the,

col l ective aver ag}%ﬁgézoshtda&%gt Ig)agtavi@%@luggﬁ% fgaﬁé gcmﬁgﬁﬂm@ol es and 15 the

front surface of Seco arge ess an t t’h of the front

sgrface of the serdrshtb@fgets chapdrterikéd b Midth@nd a lang duch elat die widéh wilessor e
magnets so that each magnet of the fourth set has a 18 south magnetic pole
nmdunt ediamof eqrehto thivdengar surface of the second target, wherein the nagnets

OB weon tre oout PeTEom 3oFactSEPhGTer R ahMRbie iR he G deRF S0 6 60 VELRAS ifthiivan o

9 relative to a vertical line, and

10 said one or more workpiece positions include one or more workpiece positions that

11 are below the second target;

12 mounting a third set of one or more magnets so that each magnet of the third set has a north

13 magnetic pole mounted adjacent the rear surface of the second target, wherein the magpets of the

14 third set are mounted so that the collective average distance between the north magnetic poles and

15 the front surface of the second target is less than the width of the front surface of the second target;
; and

17 mounting a fourth set of one or more magnets so that each magnet of the fourth set has a

18 south magnetic pole mounted adjacent the rear surface of the second target, wherein the magnets of

19 the fourth set are mounted so that the collective average distance between the south magnetic poles

20 and the front surface of the second target is less than the width of the front surface of the second

21 target;

22 wherein the third and fourth sets of magnets collectively produce a magnetic field at the

23 front surface of the second target having a magnitude substantially greater than any other magnetic

24 field at the front surface.
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20 and the front surface of the second target is less than the wdth of the
front surface of the second 21 target; 22 wherein the third and fourth sets
of magnets collectively produce a nagnetic field at the 23 fron %LFE R4

of fhe QQCR@x%tﬁrﬁfﬁ?ﬁp&&%ﬁ’&%ﬁt&mﬁoﬁ@ﬂ%t&ﬂﬂEfro%’?%xﬁ@hh% ah et 183 Seck

ot her magnetic 24 field he front surface AM 3123 16 FEB 2004 1
24.2 A neulistetef comprung e stppoki ti on of material froma sputtering target

onto an el ectroni.c 2 _substrate, corrprlsmg t he steps of 3. nmounting a first
spittering té‘%‘b’é?n&\ﬂﬁﬁ‘ﬁp%%n%éﬁé&?uml@w&ﬁbé?wum BOR #hewd first target has

f f f I f
gerbral 1y upvar o, SO EORRERE At QHMERE i Bl F AR AUB TS 2 st BRRED

rarge ofa(;&;g gdﬂcﬁﬂy(ﬁgwgmdl nclusive, 7 relative to a vertical line; 8
positioning an electronic substrate at one or nore workpiece positions

wi tthi n t he vacuumthedfreriawifane is ovirnted at ag angle ontbe oangaof 30 workgdgeess, ipdssive,.ons
|n(a] ude_one or r.e gorkpl ece positions 10 that are below the first

t ar'get ; T4 ﬁﬁ%ﬁf’?rﬁﬁal "¢ rst set of one or nobre magnets so that each magnet
of gthe first éﬁﬁortﬁ?a@d@&f&n‘ﬂ: subgrai@d Rt bEFmBR! Ko %%1(&%& GEH the RE AT
surface of t e first target; and nounting a seco d set of one or nore
ma@net sclmmhehavheean haudmga et mofe Wirkpserpositicss inchade ome oil rhosowbikpiaeg petitionspol e

t ed adj acent rear surface of the first target; 15 wherein the
ma@ tsthéF%ﬁi?B'GWt %W%Fét the col l ective aver age di stance between said
1§ magnetic Hm%hﬁt?n flrst 68 xﬁ&é%ﬁgﬁ 1080 #9€edch hiEnd: I 2Rl tsse ﬁ%sa r?}cﬂﬁ‘)n

of‘ét?é‘(i :
tvvotlmes t he ave ge gap etweenct he ot t magfietic po es an

sdat h nnggﬁnmpo@hamm@mﬁha&&%muﬁatdﬁﬂmﬁnemgm@hﬂectiveI y produce a
netic field at the front surface of the first 19 target having

maghi t ude suBSPRERS atacondset gt e o maTe BINSE suthatsagh magpet Of Baecfe@endeﬁbhar»‘rao nt
syuf ace Qs the magnets are
ngl‘}nt edﬂoélih &a%rfeﬁcﬁgf{}gﬁ ect%ﬂ%q}%erage %@%@%ﬁ{%ﬁ Vieen sai d magnetic
pdbes and t hehéreinthe saphacsre oiouhied sb thasthe call@tive averdgesiistdneabetween sdd aver age
gap between the north nmagnetic poles and the south nmagnetic poles 1 26. A

méPhod RAEWGPAlS ad thedret surfacqpbthe fiFst fanget 4158y than @vqfbaes the ATGiagesaagp
CQHPT i SHtwbASht hoRh Mignetic poles and the south magnetic poles; and.

18 ' wherein the magnets collectively produce a magnetic field at the front surface of the first
19 target having a magnitude substantially greater than any other magnetic field at the front surface.
1 25. A method according to claim 24, wherein the magnets are mounted so that the collective
2 average distance between said magnetic poles and the front surface of the first target is less than the

3 average gap between the north magnetic poles and the south magnetic poles

1 26. A method according to claim 24, wherein the substrate positioning step comprises positioning

2 the substrate horizontally at said one or more workpiece positions.

1 27. A method according to claim 24, further comprising:

mounting a second sputtering target within the vacuum chamber, wherein

2
3 the second target has a front surface facing generally downward and facing
4 generally toward the front surface of the first target,

5

the second target has a rear surface facing generally upward,
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2 the substrate horizontally at said one or nore workpiece positions. 1 27.
A nethod according to claim24, further conprising: 2 nounting a ngo g 2004
sputtering target within the vacuum chanber, wherein 3 the second r 5

hds a front surf Sedronichiaceds aeenied 3t aanalkdn theaneerd 301ig 60 degrasse mglusiye,

t rd f sunfac f the first target, 5 the second target has a
ar sﬁeﬁ%‘;’géé?g%?%é%gh%}dgl |y upward, -19- AM 3123 1 FEB 2004 6 the front

s face is orientgd oat offhor@bkpidte hhtisRNBAuA ond®r hioré Krotlgikice PBsitions that
inclusive, 7 relative to a vertical line, and 8 said one or nore workpiece

pdki t i emdelavcthadecomdéarget; nor e wor kpi ece positions that 9 are bel ow t he
second target; 10 unting.a third set of one or, nore netfs,so.that each
et of ¢ MSUpHRY & Tk sehdohe i aperh magte e PEh PRRRCt b AIEE SAPELRT he
rpar SHfaER&ﬁ&ichEEnté&&@ n¥ﬁﬁg%;s?%go%%e@%ﬁ'd}gc@ax{oourth set of one-or

nore maghets 'so that ea magnet of the fourth sef has a 13 south magnetic

ptd e nount echoadiiag & fdurthivet sftare o widraaragedts $dthatseaciho nagheaiof die; fodrh sdbaed n t he
magnets are nounted so that the collective average distance between the 15
nkgnet peutipBlagactisipolsyaonnipd adiageat the uear surdace of thsdeeand YEelht surface of the

sgeond targ S ss than t 16 1.1 I e north
fneti ¢ porietely b RREpRS Py WBmetyy DTSR ARE: RRaREIEER BT 0

f pur t hnfagheticginiesWielieihirdtahe foBe Risant Ghd et isiEicé dp EiRtdeeehPrarfreRatdsahdr @

at the front surface of the second 19 target having a magnitude

sifbst afimesaitieyaveragagey batiwaen thaponk ragnetigdgiotss of theitkirdiscaand the spyth magselicf ace of
2{]7 t he eCon arget ..
polés of the fourth set; and
) wherein the magnets collectively produce a magnetic field at the front surface of the second
19 target having a magnitude substantially greater than any other magnetic field at the front surface of

20 the second target.
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