METHOD AND APPARATUS FOR AUTOVATI ON OF PTF MEASUREMENT | N SPUTTER TARGETS
BACKGROUND Field [0001] The present invention is directed to a nethod and
apparatus for neasuring the Pass Through Flux (PTF) properties of a
sputter target. More particularly, the present invention relates to a

met hod and apparatus for automated PTF nmeasurenent in sputter targets.
Background [0002] uttering processes are widely used for the deposition
of thin films of Ml£ Hap @ND)APMAEUSMtAHTWAIIOMEd?TFpUt tering
systemincludes a source_for generating an electron or ion beam a target
that comprises a materi aVIEASRERREMENT &N SAIEEBUBARGEES ont o whi ch t he
sputtered material is deposited. The process involves bonbardi ng the target
material with an electron or ion beamat an angle that causes the target
material to be sputtered or eroded. %ﬂ%( D ered target material is
deposited age@ thin filmor |ayer on the substrate. The target materials
for sputtering process range frompure netals to ever nore conplicated

al | oys. [oqoar]u MVe.gme pfeddht Sivehtionris BBedidds l \Westhod ad ap aedag%iemeasaﬁnme PRfEeNt
or electro gk‘}l @hl nd a tar% t materi al catho and applying a
magnetic fi PhE TEhPeerticsritb 2 sByier &get. %tPP‘E“"f Tprdy, dhe P’é VENORr ough
the target ralags foQGHEHRA afd 4Ppaehie FGAPIASARTP HeQuichRntlih §hlueObrgblie target.

The target front surface is atom zed with subsequent deposition of the
target atons on top of an evolving thin filmdevice positioned adjacent to
t he target Béllkg 04:1 Magnetron sputtering of magnetic target materials is
very preval285KeOWY he el ectronics i ndustry, parti cularly in the

fabricatio se nductor and d t.a st ces.,. t he. soft
mmonet o ndRlPL  oRPARARE b e A raaF paydo B et Srani et SEhESial e 1 ng
of the appldesxd smgﬂest i &£ t)fpluﬁl ﬁbuttéhﬁgh@'stbuldfchfdfes h b@téeaﬁ’og génera'ﬁhg @n kRctionrdd
resultsmreg%egttartqﬁ utlllzatlon% to usmg f the tr aﬂltted
magnet i c fid & *t HESPH SOBRIEF SoPRCHE 1Ry aéoémﬁ rBd A Btfat? fate PPng
Thi s f ocusismgteef] fneadrial & depaned. bﬁheﬁro\Msk invblvey Bastianighg it edrp@lmpataiabiahi ty

(which coryesponds fo decreasi a PTF%SE[IOO % Reduycin arget
mat eri al pege(r:r%a Diien iy ﬁ%f’%@e gﬂ %aélges § f/areg B‘hgep PYfFFR © g% The
sputtered target material is deposited as a thin film or layer on the substrate. The target materials

for sputtering process range from pure metals to ever more complicated alloys.

f0003]  Magnetron sputtering involves the arrangement of permanent or electromagnets
behind a target material (cathode), and applying a magnetic field to the target. The applied
magnetic field transmits through the target and focuses a discharge plasma onto the front of the
-target. The target front surface is atomized with subsequent deposition of the target atoms on top

of an evolving thin film device positioned adjacent to the target.

[0004] Magnetron sputtering of magnetic target materials is very prevalent in the electronics
industry, particularly in the fabrication of semicénductor and data storage devices. Due to the
soft magnetic nature of magnetic target alloys, there is considerable shunting of the applied
-magnetic field in the bulk of the target. This in turn results in reduced target utilization due to
focusing of the transmitted magnetic field in the erosion groove formed as a result of the
..shunting. This focusing effect is exacerbated with increasing material permeability (which

corresponds to decreasing material PTF).
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enhances target material utilization and subsequently contributes to a
reduction in material cost. The presence of severe target erosion profiles
al so pronotes a point source sputtering phenomena which can result in |ess
t han opti mum deposited filmthickness uniformty. Therefore, decreasing
target material perneability has the added benefit of increasing deposited
filmthickness uniformty. [00061 The PTF of a sputter target is defined as
the ratio of transmtted nmagnetic field to applied nagnetic field. A PTF
val ue of 100¥9PY i ntfducieg rﬁégebfnafgnﬁmqum@h@mr@nm e lasasever rasion pefide which he

appl i ed fi el ehhbfesStatspt waleddn hﬁ’ﬁ!ﬂﬂoﬂ HA shskdteRly dohGinhd! ﬁ%tredu-w&l Iﬁ-ﬁlr:%eggl cost.

rragnetlc tar et materials is typically s ecified in the range o
100% with thE REFBFS ©F Sarer%drrﬁréreperrr profilgs orltfc BEpmpigs et iRgins sowieé tfputren@

val ues bet wegiien@ftnh OvHil) %n XN 7R ERemBn VpBmeS V@Jp@ixteﬁ“ ﬁifne Fifdkhesk elfﬁ

for neasuri nﬁhP F. One tech nlgrile i hvol ves. pl acrqégﬁ[ +/-0.4) ki {gauss
bar magnet i M EONPAEHCBINE et Saffgialpermerbilifyhag deb@ﬁ%ﬁt 0 ﬁﬁreawﬂewrtrs

t he transm tfiledhitknessdmifsintig. an axi al Hal | probe in contact on the ot her
side of the target material. The maxi num val ue of the magnetic field
transm tted O#BOugTht REF filakspader tdaget id dufigat asthy irﬁl@d)fbbéninhﬂe(ﬁiﬁﬁﬁnieﬁﬁﬁécl& & d
strength in ta ween the net and r obe

( mai nt ai ned g{}'ﬁ d‘%ﬁ)asggé;‘@egf gﬁ“geva%%é’&tl&% %‘ﬁat‘t"ﬁé?gag'f’wag%&% Ergledists hem
i's defined awne ofithe #Pked flFiscshuntizbthengl 6 b6ild oftthe @irfréie The PTF ot inh@itiOtargst
percent. [0Q08 [ chai gque_ for PTE i.nvol.ves using a

hor seshoe nagne(]anaﬁqm i%all;{ gaeﬁ‘?}\?(gf—“s%“’ ﬁﬁg e&g/‘i’h‘@‘tlb*ﬁ’ %‘Trﬁ%gyﬁ%‘gﬁﬁ“r‘ﬁb’
~using di fferpeqwichmgtﬁeltalsalddbi;ing)tw.leabmeegenﬁnl(m% are found to exhibit good

| inear correlation for the values of magnet field strength typically
utilized in {9l | ndbese prp. sevrind ﬁfﬂfemkruq@ﬂﬁnnnaaannglﬂilEesOmﬁecMustmwmésed to

appr oxi mat e plabi%g a P 41/-%% Qé}ﬁgs l%\'__fula%t U Edplacl nrgo dsigl! afaﬁle sz%rget 1 a"fﬂ%l ity

sputtering machr ne. ere asur enen ave direc
to a target Meatiaghe @anﬁerffeé rfwhln'@@gohuramg Hﬁ}é.gméb fiip Rontsp gl ttlwratlmy szd[a @OER]

Magneti ¢ maigic flachdi O RELIR A oo AbGAOhl Wahilildh GHELURL ¥ JFRLNET

there is a very strong I nverse corre I'TB.XI

per neabi | i t et dividehby fhe applicd field Sgength/halthwsme nfathe target bcngenethq: magnet and
permeabi | it )‘roﬁ@ﬂnalﬁﬁan\{e%ray th@ s86d &@tlaﬁ'ceql?grteafs WHEEH, %“gw\?\h??ﬁ&i%‘ﬁﬁt L195e aed s

sanpl e- magnet oneter (VSM techniques in accord tan
894- 89, the PTF. PTF can be expressed as either a fraction or a percent

[0008]  Another technique for measuring PTF involves using a horseshoe magnet and a
transverse Hall probe. The PTF values measured using different magnet and probe arrangements
are found to exhibit good linear correlation for the values of magnet field strength typically
utilized in the industry. The PTF measurement techniques are constructed to approximate the
applied magnetic flux occurring in an actual magnetron sputtering machine. Therefore, PTF
measurements have direct applicability to a target material's performance during magnetron

sputtering.

[0008]  Magnetic material PTF and permeability are not mutually exclusive. Rather, there is
a very strong inverse correlation between PTF and maximum permeability of magnetic materials.
Values of material magnetic permeability can be very precisely determined by using vibrating-

sample-magnetometer (VSM) techniques in accordance with ASTM Standard A 894-89.




2 [00101 Presently, PTF measurenent is perfornmed with manually operated PTF
stands. The ASTMF 1761-00 and ASTM F 2086-01 standards set forth test

nmet hods for pass through nagnetic flux. Targets are nanually rotated 30,
60, 90, and 120 degree orientations, and the magnetic field values are
manual | y neasured and recorded at each angul ar setting. The test fixtures
specified by these standards, which primarily differ with respect to the
orientation of the horseshoe- style magnet relative to the target under
test, nust bEOMHnualresgntlyelPUE measubpmentnis perfamed with nBewdly secratd PHE stamiu The

setup and opgsald PN76fod A&t RITME £Sbsd.o XL dards isbt foﬁhqi:ftfn&e%hst fo@g)qss fk

consum ng to make extensive measurements to accurately charactérize the PTF
over the spuitgustic fiuy gEarsctnete snaghally| rotateh 30.a¢fs 80.0fnd| 1|29ndt3$€? ricagiorsnadtthof a

target, an OREHAEOFel§ FMubirk rﬁaﬁuaugi%e%ﬁ&e(ﬂﬁ{d%éo?deh%tea&% arfthRk, Gfrﬁe Rest

particular portion of a sputter target. Moreover, typical manuadl spufter
target test PYWPEPeciEedhydbesn sprfords.sttighnapmorify Gifer "Gthrf@@?qty’ ‘éﬁm’ﬁ%@tl%ﬁth%e of

a target tafdhkRshodBlyfe, meheci Riatite W6 IRURRE QhdeP QAE GRSt B3| ABudiyt ¥Rlska! vyrapual
test fixture, the surface of a sputter target can be scratched g%lcthe

surface of tJRE™oLy Ferause s the ‘El?ﬂuf"n“ﬁt“t’ red prsration ohths P TEHest fisugeit is difffculsgrdy of

the angul ar tpasédabwiisg td AMk1kiNGEO MA@ ats W Acula®ly QRABEIeSHARTRBRA RS US
and nmethod th ut o tes PTF nea;:}{renent for sputter targets.

" Addi ti onal | YPRFAE§% " Resomlingly, decapse phiipniad E‘GaSP“FFlePFé’éé‘di‘réMOPeféﬁ?baﬁﬂef?ﬁhéo and

net hod Capabie&cu)def@el‘tﬁﬁtadoﬂdaex[ﬁabn @fpaﬁmﬁ&aﬁéﬂl@d oB RUpRF th@F 0 ®foreoViiatypical
further needed sur enent adgrarat us that allows for

rotation of néang?}lfpft%f: taf%ﬁ &gt?ﬁmﬂﬁ F‘i"’?fiﬁ WEBTrdRest difgttlyaadte fsRcse st i t s

surf ace. SUMmeRYl"hu[s ODi#iRg a FResuveaichOibceaBOgi agpItS ncahuau St @RS ARE srAYEHtd on
address the al%@ scr i bed IP‘%«%fl ciencies of t PTE measur enent

systens and cal“:)?@ RPRERSY B8 st g‘edf‘rg%/‘ﬁéﬁe Beiwg dhs ottt iboRErE| at e

to an appar dmmoﬁafnhedteg&arqmﬂtmg the PTF of a sputter target having a
magneti c source generating a magnetic field passing through the sputter
target, a nmd@fHédl i cAt¢oediugly,dWh:&cmcrreedhdnfsi guagdrae aEdasethed tive aomgiast i RTF

sput ter 1 ar gupehrRrar el PG ARE P Ao s i BPaRE b EE Bty
. enbodi ment s apffaraiiserng mﬂedltcapahlﬁerﬁgexmrater ©nag ef 4 Meaured tshodr fagk:. dWharinfunhag t he
PTF Of_ a SPYLIAES is an automated PTF measurement apparatus that allows for rotation of a sputter target

during measurement, but does not scratch its surface.

SUMMARY

[0012] The various embodiments of the present invention address the above-described
deficiencies of typical PTF measurement systems and methods. Exemplary embodiments of the
present invention relate to an apparatus for determining the PTF of a sputter target having a
magnetic source generating a magnetic field passing through the sputter target, a magnetic field
detector configured to measure the magnetic field, and an automated stand configured to move

-one or both of the sputter target or the magnetic field detector. In addition, exemplary
embodiments of the present invention relate to a method for determining the PTF of a sputter
target by generating a magnetic field on a first side of the sputter target and passing the magnetic
field through the sputter target and out a second side of the sputter target, measuring the

-3-




target by generating a magnetic field on a first side of the sputter target
and passing the magnetic field through the sputter target and out a second
side of the sputter target, nmeasuring the -3 nagnetic field at the second
side of the sputter target with a nagnetic field detector, and noving one
or both the sputter target or the nagnetic field detector during the
measuring using an autonmated stand. [0013] Various enbodi nents of the
present invention measure the magnetic field transmtted through a sputter
target. The Pagreticsficld srhgrieqond sifi¢ ef the sputierdarizdt thitdl atnmgoatigffield detertpn AEgNeting:

sputter targglor thfhOM: Qhtftef BERY Bg _tﬂepﬁaggpcﬂzoﬁétlﬁ %et%&%ﬁdeurigig Ghe %a(sﬁﬁrﬁ”%eﬂ ¢

field is in the test target's radia I rection. ference I's the
magnetic fi e1Priedstarded with the magnetic field detector when no
sputtering t§61§ t is.in position on the test stand. The strength of the
field depend Eon Vagipns cHRPYmenthpffhppresent iByenien mepsurp thy meagnetic field|tynsittasc t or

relative to thideghSOpee RRE NBe PTFhEa SOtHeGEfeld irflshlited akdiigh M%F&tig gkl
nmeasured w th thfe magnetic field detector at the tog surface of the

aut omat ed t 4788t FUYBFIRIC 1o His5i0BPosjte fRea ] Theiseuresmegnstic kil ide the dbireeepdipls

nount ed bet wiregliol The &SdrerR8 Giedris ¥R fpaalc MHmedsulc@ 8t thd WRcded 814 WBBELS
above the tQ‘@lgsurface. of the automated test fixture aﬁpar at us. Sputter

targets of P POUSIG S FEEL 190 ARt s et staug: eThg st Shedtrldyierende upon
aut omat ed PTle vizhtand @ositidn ofaRDAsEESTd d@bd@Relitie td AB S&ircetRshBE:. TTRS boutet N
t he source rest ne_&11 nmount egf'cg t he aesﬁt}i‘dLi xture. The automated PTF

2 P TR e el v Vi Jhs Beis S deic g il ORTBREEAT S a
rot at abl e bastemttbdtargessupppeaitdd bel ow a face of the sputter target. A

measur enent dppa
magnetic field detector is used to nmeasure the magnetic field penetrating
t he sputt er [@0dflget Therputen teegd mylet teet is maaeed hebwaeh hidleast ategielve S/ha pasdt tastf ace.

[ 0015] In varl ad] ts of .the.inventi conput er term nes the
per cent age g{“& @ﬁgWﬁéﬁg&gaﬁéé‘frgﬁge Pp 3frlpey ?fatlrll%?ﬁ?waéegﬂf:sﬁ ﬁﬁ%%‘f%@“i’ },%a‘é? e Yent
PTF) for eat#rioy$ didwetandid itidckakssPEE accemdodagd Iy tih witckhated IFt Measwemedtence
magnetic fi | i..ng .t hi tient by 100. data_s anal yzed
by the corrpgl%pgf'aﬂ{ago %%ﬂa éettlﬁgerﬁﬁsi Wy %?easﬁﬁw?d“ﬁgj}?g?ﬁmﬁ%elﬂél?%gﬁﬁéﬁ'ées %‘fhe
processor apwemaigbl HYmsastememgeppeats Bbpempnae hotseshdeilapal magnthaoavwdnage
percent PTF i . j ients of the inventiaon  for each
target test g&%ﬂb?%émép@?t ééé lﬁ%ét%}li%lov ;%)fécge o@aessg}uge& taé%e?. .1\ magnetic field detectoris used

to measure the magnetic field penetrating the sputter target and entering the space from the

_target’s opposite face.

[0015]  In various embodiments of the invention, a computer determines the percentage of the
magnetic field transmitted through the target (percent PTF) for each of the individual PTF
readings by dividing by the reference magnetic ficld and multiplying this quotient by 100. The
- data is analyzed by the computer to identify the maximum and minimum PTF percentages. The
processor also averages the percent PTF values to determine the average percent PTF. Also, in
various embodiments of the invention, for each target tested, the percent PTF value measured at
each position and orientation angle of the target is stored in a data storage device or database,
-and can be displayed to an operator. For each target tested, the average of the percent PTF can
be displayed to the operator, as well as stored in a data storage device or database. In various
embodiments, the computer identifies the maximum and minimum percent PTF values, as well

and their location on the target. The range of percent PTF values collected from the target and

-4-




each position and orientation angle of the target is stored in a data
storage device or database, and can be displayed to an operator. For each
target tested, the average of the percent PTF can be displayed to the
operator, as well as stored in a data storage device or database. In

vari ous enbodi nents, the conputer identifies the maxi num and m ni num
percent PTF values, as well and their location on the target. The range of
percent PTF values collected fromthe target and -4 their |ocation are
conput ed andhéie satioadare compuiep endtreported t@ adi apptagy @r:aahsplayl m@mrreln some
enbodi ment S’erﬂblaﬁm@ﬁmc%ﬁl ﬁf@pcaﬁ%lglﬁitgﬁng aEF EailACDE tﬂ' \a{\!fera d2 re A thg¥%£?

and report the results £6 an operator. ReSe resu I a Ji ed in
a data storé@)éﬂ%W%eTbﬂseGaﬂlTébasﬁésol{e(S@m@]mﬂ'dveam@rﬁewgesrd@fab&she exenpl ary
enbodi nents of the invention described herein include automated control of
the operati df08F t fbe adisnipess afheexemplien enbadimeitnef the inentidredevainé hereiand

t he magneti Gndidd@'aﬁ'toﬁl%@@&rﬁfrol oflfA€ oﬁéfﬁm?loﬂﬁé E&H%P% E)tc i reth t!i_méerﬁgghan
a

al so incl ude %g@ advant age of accuracy an repea ity o
measur enent @ pagrsde fekdrdstecter. Thy axempleny smbodimgnts phthe dhvemtion pisa snghuderthet

m nim zes mMadkalagd @%u@éﬁﬂd%ﬁéaﬁébﬁ%ﬁ&cpﬁ BehsietnBntAE i putlE B4btC "R Madition,
Aut omat ed control gquPTF nmeasur enent. of a sgutter tar get using processor

and di gi t aP"gaEE? Ji18r HpasuEsadnt Ringize amama é%bof)rlﬁﬂlﬁéIYdlaﬁp%lﬁFd tithr FGE of

data col | ectasutbitichtdg AutdmatcedRAS GBI mPI:AERSS of h@plﬁ@f’ia@epﬁkmgtp?&eﬂéi%@ssor
can utilize thﬁ c%ata to accurahﬁ?tbb map the PTF characteristics of

sputter tar JEIRIHH PrREccPtonne asgs P(S‘ﬁ’éqeaﬁl@FaI stopaee 198 difp cellected) é“‘é’&& t’a‘lﬁrat ed

PTF neasur emm:reaﬁmqﬁ@ws Ihl @diditon! the pFodskbdrhn hidize e ARAY GcduPidEhal APberbY at
| east one dr,ve }Méﬁl?‘% at | ea sé} two idler wheels, thus prieventing

scrat chi ng 81?”&1["%8 e Epugf’r tPIgE a8f peeat them iy opergipry Rurthempai theaytgmated

[0017] It i BTEmGesussaradagphaius leiil@l’theemltffFéltagoﬂf ta% etasretaﬁf‘ntzedsﬁ&erﬂdv@n
| e In e ar rom e

wi |l becone ?dl I nt .t hose ski

fol | owi ng deE‘a H@%B’F‘?‘ﬁf celsy ey BEYPRiing scratcling whthe surérop aiths syl tasppty

vari ous enbbgiherewrdestakdt. t he | nvent| on by way of illustration. As wll be
realized, the invention is capable of other and different enbodi nents and
its several [@&Hai |Isisaméerstoamhloeneoémmdhefntsmmmesaﬁt iveehiichUARi Ll Dedtiie réRAgpect s,

all ~without S f the sent. i nyention.
Accor di ngl y,pg’? he %I!rthg\% lgf’q]a{lﬁgl gpﬂé(i“f @8?‘3@%& ‘%faiﬂ?)‘ﬁd‘“asf”@’“f’ TP 4 TRED as
i |l ustrati vandidesonibediody ambula@mbahmmﬁs bf ihe tinvéBtion by way of illustration. As will be

realized, the invention is capable of other and different embodiments and its several details are
capable of modification in various other respects, all without departing from the spirit and scope
of the present invention. Accordingly, the drawings and detailed description are to be regarded

as illustrative in nature and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Referring now to the drawings in which like reference numbers represent

corresponding parts throughout:

[0019]  FIG. 1 illustrates a right side schematic view of a computer controlled PTF

measurement apparatus according to various embodiments of the present invention.




BRI EF DESCRI PTI ON OF THE DRAW NGS [0018] Referring now to the draw ngs in
which |ike reference nunbers represent corresponding parts throughout:
[0019] FIG 1 illustrates a right side schematic view of a conputer
controll ed PTF neasurenent apparatus according to various enbodi nents of
the present invention. 5 [00201 FIG 2 illustrates a left side schematic
view of a conputer controlled PTF neasurenent apparatus according to

vari ous enbodi ments of the present invention. [0021] FIG 3 illustrates a
partial sche®f?llc Wlew ofillustraesnp ulek rsideo sdhemhtice dieRT B nie asmifuerehtrolid pRTAL US
according t ' Eﬁ%ﬂi . nt. i-qvention, show ng a
noveabl e mogﬁeggtil}e@%iael d dg?%g%l %grtggg@@ﬁ%ﬁ%ﬁ%’ﬁﬂ&ﬁ%@fﬁ&ﬂwf’ﬁ% Ustrates a

partial si dejosgipematites MRt pRufQBRHLE! viGd p{v§ gdlﬁp‘afér EoholddPA¥ WENEN ent

apparatus accordi ng to various enbodi nents o e present | nvention,

showi ng t r GAPB&Es Acfgrding tr yasiqusnermbndimentsdofy Bk aresent geeentiong shqwi 8 Imgveghle 5A
illustrates @agnaiaﬁefdmcﬁ,gggggfﬁnj,_c view of a rotation gearing assenbly of a
conput er controlled PTF nmeasurenent apparatus according to various

embodi ment s [0622] he FIGr @sifiiiraiel \eepdrii0 ide] QASAHicHibw 071a3 chhpudst dodl&ikdaptOP
schematic view of a rotation gearing assenbly of a conputer controlled PTF
measur ement "B pAFBT SPREELE, ‘H"F‘% ng & Yarops, gabuivpents pb e Pregent inventinme shayeing
invention. [tO&E]anfrdtatioch@adrh smirélabegeasvd. vel arm novenment of a rotation
-gearing assenbly of a conputer controlled PTF neasurenent apparatus
accordi ng t d0023} i o&EG.efrb dbhistmest Sledfside hehenfatie SRRt ofl Nu@ioh @arink ARHbIyRIFG 5D

illustrates t e ic viewof a rotatianal gearing, assenbly of a
conput er cor?tgl}.‘@ﬁ %re%gk%@&rrggi drete enta?)“ﬁérlaéf lf§°°é‘gﬂ% tt?jig’?fﬁ’“f (5’%'7%‘?‘1“8‘?1% of the
enbodi nent s peskent fngentionesent i nvention. [00271 FIG 6 illustrates a top

schenmatic view of a conputer controlled PTF nmeasurenent apparatus
accordi ng t 0024k i o JSGeThiblditratent pethetnhiic yieve sEntotaliny gatingassembly of a computer

controlled PTF measurement apparatus according to various embodiments of the present

mmvention.

[0025] FIG. 5C illustrates swivel arm movement of a rotation gearing assembly of a
computer controlled PTF measurement apparatus according to various embodiments of the

present invention.

J0026] FIG. 5D illustrates a bottom schematic view of a rotational gearing assembly of a
computer controlled PTF measurement apparatus according to various embodiments of the

present invention.

[0027] FIG. 6 illustrates a top schematic view of a computer controlled PTF measurement

apparatus according to various embodiments of the present invention.

[0028]  FIG. 7 illustrates a partial schematic view of a computer controlled PTF measurement
apparatus according to various embodiments of the present invention, showing an exemplary

sputter target relative to a magnetic source and magnetic field detector.

[0029]  FIG. 8 illustrates a diagram of the computer control system to control the operation of

-the PTF measurement apparatus according to various embodiments of the present invention.,




[0028] FIG 7 illustrates a partial schematic view of a conputer controlled
PTF nmeasurenent apparatus according to various enbodi nents of the present
i nvention, showi ng an exenplary sputter target relative to a nagnetic
source and magnetic field detector. [0029] FIG 8 illustrates a diagram of
the conputer control systemto control the operation of the PTF

nmeasur enment apparatus according to various enbodi nents of the present
invention. -6 J0030] FIG 9 illustrates an exenplary method for automated
PTF measur e8P ac &8¢ 4 Hestrigs angxemplary resthwaldfpnaatinmited P TF eapraesshaccomipg it | on.

[0031] FIG vhHodslelnysdimad: st R pr&sRTRlAton. Met hod for automated PTF
measurenment of a sputter target and mapping the results according to

various enbqobarpnt FIG10MBrRELSRREmIIRY &¥HA Por 2hBRA] PTF Feashbmbhd s thAkes an
exenpl ary PTE neasurepent map for an anal yzed sputter target according to
various aspdlfg? ‘fmfﬂﬁ’é‘gﬁli‘ee@%‘ﬁf GCPRIER (R oL TImbafinepss pEBEmET ioxenfign33] The
detail ed de%&(ﬁbfti gz'jslitufort h bel 0\1\/ i 9 connection wth the appended

drawi ngs is ' T fiten SMTHE AR SROI N TOF myasuremsat repdforAnfemyasd sputieriareet

i nventi on anctordngtoariaet espekecofiie présepigsaidn. t he only enbodi ments in which
the invention may be practiced. The detailed description includes specific
details for the purpose of providing a thorough understandi ng of the

i nvention. However, it will be apparent to those skilled in the art that
the invention nay be practiced HMETASED PEERIPERNCific details. In sone

i nst ances, L. known structures and conponents may be shown in bl ock
- di agram f or Wa% pa?lﬁ defailed drssintipR S s ok Vo demestign i ites anpensled: AfaHiEs e

concept s of iridnded BY @Meb@iBtion 80 FHouf lefdbodimbird U8 ik AtnS&idn Y nsd An@QhEMRLI C
viewand FIG 2 il %us]télrat %s left side schematic view of a conputer

control | ed PPESHE bodiglsats dpehighy thea ventian faest be veiclisds Thadetailadent s

of the presaésatription aRludesspediRORR]1s fop MR phRosTptdviideth S S iznTRAS HERIBYE the
apparatus 100 has late 102. Table support structures 104 are

connect ed t BVHYSR 03’1%84?’1%2“’6 ¢ gPRarBhip By Siieddt the 2| that theingentiop gnay be

opposi t e enpractivtd Rwithame theded bpecilid 2deaile. SUPRGHE iSktdnbiG! WeBSknbO4 SHRRAS! ikdd
target table 106. slide l:qu support structure 108 is al so connected

Prob JO | S, -
to base pl a(f‘Oél‘lpr?ltSaIH@/ gesg'liogfflén P c]g %E‘alptfplﬁtb Of aqr%aéfschematw view in order to avoid
obscuring the concepts of the invention.
. [0034] FIG. 1 illustrates a right side schematic view and FIG. 2 illustrates left side schematic
view of a computer controlled PTF measurement apparatus 100 according to various

embodiments of the present invention.

[0035]  Computer controlled PTF measurement apparatus 100 has base plate 102. Table
support structures 104 are connected to base plate 102 on one end and target table 106 on the
opposite end, with base plate 102 and support structures 104 supporting target table 106. Probe
slide rod support structure 108 is also connected to base plate 102 and assists in supporting target
table 106, in a similar manner to table support structures 104. In various embodiments, the

- structural elements of the apparatus (e.g., base plate 102, table support structures 104, target
table 106, probe slide rod support structurc 108, etc.) utilize non-magnetic materials to allow
operation of the apparatus without affecting the magnetic properties of the source magnet (e.g.,

source magnet 400).




table 106, in a simlar manner to table support structures 104. In various
enbodi nents, the structural elenents of the apparatus (e.g, base plate
102, table support structures 104, target table 106, probe slide rod
support structure 108, etc.) utilize non-magnetic materials to all ow
operation of the apparatus w thout affecting the nmagnetic properties of the
source nmagnet (e.g.,. source magnet 400). -7 [0036] Conputer controlled PTF
measur enent apparatus 100 enabl es the novenent of a nagnetic field

det ect or f or [08&@ s urGomputeh corPHedoPTE putsusmentampatats M gmebles chef neveahediedfect or

202 is | OC%%qat‘é@t%é(}% &letél%g @cﬁtrﬁe%sufrégg bl Pﬂfa‘?% e AL t?‘es 5@%8%@1@'«1@&%%2 i

Magnetic fiel or can ussneter, ter, or any ol her
suitabl e naglﬁ%attqdd"“fhilem@ﬂnﬁ%‘afm}f eatastor h@lémg@@chamms?@ﬁeMaelJ@Qnﬁblérdyte@wtﬁﬂélcwent s,

such as thosg déguggak{eatﬁgimh&ef J)rcénygthext ﬁal?%%gﬁxeﬁccﬁéla Ekgugﬁl%ﬁ(ﬂgﬁge f‘[?%é% Eg and

conprised of both a meEgnetic tecting a nmagnetic
a Gaussnet erexgipplary sgbadiments. SF@ras pbw di“ﬁﬁﬂmj inEES $ thamrmgnasic ﬁe}deietﬁargn@py be

field [0037bmbH&ed of bbth!dphdnBlicehel@ pRAL Tféradete%&emfaéxféué’ E@M’ aﬁi a IRUERS o
control |l ed PTF neasurenent. ~ ap aratp show ng a noveabl e magnetic field

det ect or assTé’ﬁLB‘}“?‘e BU’erfR}E@F&{ﬂF%?“‘I‘“’lﬂém@fthdétaé%eﬁlelﬁel 02 can be noved in a

verti cal n or A directjons to be located in osition
measure a sgﬁ‘ﬁt—‘i ﬁzgcgggelgl“"ltﬁi?éfléﬂfﬁﬁlrﬁcbﬁ‘na%ﬁwg ‘tféEP’@E‘fteftcabqr‘éle‘iBEF nﬁﬁ‘j’“ﬁf‘é‘t% nt

notor 206, \aPpaediud $00 SO ededdle SaEHRHE ¢re1d5&e@ecﬁ;fr a@eﬁblﬁzoopomgﬁnt: hR1d
novenent of gglcfleldgetectoﬂéﬁoz in the A or directjon. [0Q0381
Magnet i c fi SFECRA04&RHhe Taye ?ﬂe?lti‘enAsﬂf@bHH‘é?é‘P’ésdoPﬁl%fI‘thHé apggjtion

bleagI ing da; Stgﬂibdsyrezﬁﬁltteﬂaﬁdﬂodia@dd dﬂ%ﬁﬁt?dﬂgtaa@s?mbh% 2A8ustfers Hﬁﬂﬁlﬁhégzgfchgn |
slide ro is affi slide ro suportstruc re 1 i de
rod bearing %E’ﬁhﬁdo C%‘e&%d( ﬁ@ﬁ)@ rpoxlrdbs PeYmeatel et ic idJéﬁﬁﬁt% PP® rod
220, and |stlgmdeéd’dﬁyctfmgnet| c field detector adjustnent arm 212. As

adj ust mrent notor 206 turns gear 214, adjustnent |ead screw 216 rotates and
noves magnet{®038] f i Maghedetfesdﬁ deteadl pdjbsuaeit Aamn221R tonnécied B sideAod chetnrd | ON.

ead sor au 33EIITabe S e R pene D A0 e Ao o3 230 e POt ™ o
bearing asséntlidg rﬁd 8u11p|0ﬂ) rguctinc de8r Blid2261 bésingragambly218ieh dudetieat witical
h0| dl ng mec Hﬁ%ltlglv%lg%shdé I'O%%B Ei?sggt}l&dsogllngaegnéu%qieﬁec? {ectogac? us?mtgp a1¥n g 1128 'As

magnetic fie
adjustment motor 206 turns gear 214, adjustment lead screw 216 rotates and moves magnetic

field detector adjustment arm 212 in the A or A’ direction. Accordingly, as adjustment motor
206 rotates gear 214 to rotate adjustment lead screw 216, magnetic field detector adjustment arm
212 moves slide rod bearing assembly 218 along slide rod 220. As magnetic field detector
-holding mechanism 204 is connected to slide rod bearing assembly 218, magnetic field detector
202 is able to move in the A direction, and if adjustment motor 206 is reversed, magnetic field

detector 202 moves in the A’ direction.

[0039] Additionally, as adjustment motor 206 drives the movement of probe adjustment arm
212 in the A or A’ directions, encoder 210 tracks the movement of magnetic field detector 202,
Adjustment motor 206 can have a home switch that can be enabled by the movement of slide rod
bearing assembly 218 along slide rod 220 into at least one predetermined position to initialize the

start position of adjustment motor 206 prior to any movement or measurement of the sputter




202 is able to nove in the A direction, and if adjustnent notor 206 is
reversed, magnetic field detector 202 noves in the A" direction. [0039]
Additionally, as adjustnment notor 206 drives the novenent of probe
adjustnment arm 212 in the A or A directions, encoder 210 tracks the
nmovenment of magnetic field detector 202. Adjustnment notor 206 can have a
home switch that can be enabled by the novenent of slide rod bearing
assenbly 218 along slide rod 220 into at |east one predeterm ned position
to initialiZ&8¢thdhuseapadendldireqoply tef inid] pesitivpms widk wrthooevepenos! adwystmeyt
novenent or giRa&dgenent of the sputter 8 target. Thus, encoder 210 records
the initial position, as well as the novenent of adjustnment notor 206.
[0040] FI G [dodio] | UuFiG.af @Estted@birtialsids sRmIEABRLF Favélse WrdibtalibPHSnHBy Suvd
rotation assgnblg 300 o coq$uter controll ed PTF neasurenent apparatus
100. Upon r &C&EPOPHE ‘&%‘Ffﬁ‘iﬁqd% PgRRreRsptpPRRtus 480, {Rep ety ingpeasimands fromy,

nmove r OL at i Qﬁrrr:plta{ﬂo,aﬂl‘@el}sefhnbth?(ﬁ Bl mBve Idtgﬁ@gﬁwte N84 faQhd P6AR ’Qiire@éioﬁ@tétl&@fef
target beneath nagnetic ux detector. and above magnetic source to perform
PTF  measur é"nsé’H‘F"égafFEfo‘Z?fTaﬁRB’Pﬁ'feF‘%&’“bIda‘f’%“’"t T g o

bel ow t ar getmebsabpdneents06. Rot ation plate 304 is coupled to rotation plate
traverse slide bearing assenbly 308, which is suspended from rotation

pl ate traveld®dlk| i @etaB@Oplatt iagersrstidnfonie nloustkd belsw tatatdbteni 0p] RoeatidH) glateo

nmove in the r ' ir i on_al on .otati.on pl at.e aver,se slide, 306.
Traverse r otsg gocﬁu%fda%erogﬁ%ﬁl ‘3[ itﬁ?ﬁa‘éer%tsélg% &4°e F%er?@?’ gbéovﬁ“%’l R8P ?fgiﬁd grﬂmone
end and tr aveatve plagachverse dide 30R2 This driasgeoppicdlotve roegatidn plhtecddé reoverimtho B G02
rotates trawense.. i 4 ich inte s with trayerse ad rew 312
Lo e ve ! PEehBGOP Abh\dbil piakMafded SAESIAH ot lad L 54033 u NS
Traver se notorta@0® plien3(danneong dndmmd Bavictse HedlvatewcHd dyethe npdlsidertdo Tmavetrseal | ze

the start (Y e t,or 2 ior_t.0_an enen

measur ement ngﬁﬁ ?%ie%éag‘i’&ttkaé"?ry"t %‘*?g%gc : 4TH}en%Q hnéér?féac%sﬁﬂ %hcﬁavg%e !E‘rg %{S/cé?“éél%tnéorWSOZ
may be acti {resersd ratgionplatd awinidi@artdhetatidngnldte PHsi ti on by the novenent of
traverse slide bearing assenbly 308 on rotation plate traverse slide 306 to
at | east oHf@43r edErewarse meter 398 sint hayp 2 htposwitchght pan lsf enabledoaminitiadizé the wiart

comput er  S4Qairloh AY BERRe TRIRBOBN or td dtlyHRvhhan ; £ ffacoder
316 recor dsp(%she initi ale posi t?@ﬁ’f asglv\r}l/gﬁv}!l asgiﬁga&%ﬁlemﬁﬂw sﬂ_ﬂtt%}/%g%_ A
home switch of traverse motor 302 may be activated to initialize the start position by the

movement of traverse slide bearing assembly 308 on rotation plate traverse slide 306 to at least
one predetermined position. Upon receipt of a command from computer 540, traverse motor 302
turns traverse gear 314. Traverse encoder 316 records the initial position, as well as the
movement of traverse motor 302. Accordingly, as traverse motor 302 drives the movement of
.traverse rotation plate arm 310 in the B or B’ directions, traverse encoder 316 tracks the

movement of rotation plate 304.

[0043] Drive wheel 318 and idler wheels 320, which are capable of holding sputter targets of
various sizes, arc rotatably connected to a top side of rotation plate 304. Although only one
drive wheel is illustrated in FIG. 1, FIG. 2, and FIGS. 4-7 (e.g., drive wheel 318), additional
drive wheels could be used to hold or rotate the sputter target. Additional drive gearing may be
added as necessary to supply power from rotation motor 322 to the additional drive wheels.
Similarly, there may be at least two idler wheels used to hold the sputter target. Oval-shaped
~ cutouts (e.g., oval-shaped cutouts 344 as illustrated in FIG. 6) in target table 106 allow for the
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novenent of traverse notor 302. Accordingly, as traverse notor 302 drives
the novenent of traverse rotation plate arm310 in the B or B directions,
traverse encoder 316 tracks the novenent of rotation plate 304. [0043]
Drive wheel 318 and idler wheels 320, which are capable of hol ding sputter
targets of various sizes, are rotatably connected to a top side of
rotation plate 304. Although only one drive wheel is illustrated in FIG
1, FIG 2, and FIGS. 4-7 (e.g., drive wheel 318), additional drive wheels
coul d be usddsstthrongh ef dsive wbech B8 ardddigpmbdelsr320 artgditionahdil shiapwiadutaits mey be

gearing may 9ged Add&doRs dIRCERIR Y 1&1& xﬁ&é@i@'a}‘e ﬁﬂ!\?r Rf;t%t‘?cﬁﬂ 1{1&5{3‘* 220 TohR8n 322

to the additional drive wheels. Simlarl ere may east two 1dler
wheel s used ePePdpoi2d arhaffizgd belowrrottdangiate 3@3/ a$W1§¢la‘§l@€tme@L}t2@ alfoyvs(fer Igovement

oval - shaped of ukiaiivhecB 47k s @5, I Inhovbisidnk ﬁltﬁei d & <E' dite ct%r mastl A, aéﬁ)%A é @l I ow

for the 9pasthrou drive tlonal
oval shaped st pige ?Pﬁ‘jferl%getsa‘ﬁ @éﬂla%f’é “a@m ‘tqn@ﬁaqf deyq wleeek/m@méatdwt tmoé‘iﬂef

wheel s are agdas 3260kadition grma rad;%&%eﬁtm@vrceg a&y 88 add%@@@sk%amﬁgém@a&u%m' xed
bel ow rotation pl ate 304. thust ment 6 all ows for nmovenent of

drive wheel 9813Wheslsy, DHW%rFtZS rofalesdrive Wee@ISdPrf@téfﬁlﬂé?n@“‘i‘qfltHS%trt%tP@H“ﬁ n

FIG 50) tO0dgRidt PTF fbdshiement apled@ersiéibbntidhget s to be placed within
~cont act of drive wheel 318 and at least two idler wheels 320. Additional

\m vlel adj ummmt €4, 6RSDmYte p@u@gﬂ@qhdsggas@a@mdaﬁl R ddeHs lfdr@miperadds;id&e
eel s. ear| tates drive e 318 to rot sputter
target t o p r&fgﬁagﬁ TRy UG RN A “Btreéﬁhé)["%ra ‘H‘épd‘ g‘?‘feegﬁ%{‘tgl ons.
[ 0044] FI GSmaﬁAe B ded teacp@iihodate| additiynal Hlivsihalse Mmxepir-asy, wiIiodiaBédstof or
t he operatlon of ri gearing.328 that rlvenb ot ati.on or. £22
a6 ot ed abBuruan guin 355, ARl Tt 3Bt g 5Tt nustili b ST oA a2
addi tional Boiatien wiveddr $24 Iﬁrai:k\gehegma%n&aﬂof witdtioh nhoRorCI20 Rin drit© wheddt3as,i 4a
not or 322, nterf ce 5 tacheg to rotation
encoder 324: ansﬁ(l)tf F}’tl ‘ﬁlﬁw‘éﬁ%&‘gf g‘%’zg’ TP 5331 Wéerfr%rb"\? ﬁf“'e(ﬁearrz' v g or
322 and dri steupdveed] pddGixis 88T (sed¢ FI@SB). t Britd G Gtﬂtﬁtet'f@ceﬁtarlitﬁldh% gad 036, Eﬂiihve
gear 332 in rf ace Y ear, 334 thgil otate about sw v % 0s
axis 337 ( sé‘g §%éll?\>‘?emg[)°r°uele§8§ dgie, Whes rlg acds W‘Pﬁ‘“&frwageaﬁa? é 8)0 with
drive gear g@ﬁs 3591 383, 330 pIeptrbied owtich mver MAER| ik ldive it 3 EXRNPlatl d/sputter
arrangenment W%n Jy F 332 g? rmts rotatjon,.,nptor 332
to turn dri® get ac, (El&lfggls! e {ﬂovergergﬁ ?\ée 3heel m an arc in {het(',‘I orrb rHi)rectlon

to accommodate different sized sputter targets.

[0045] Turning to FIGS. 5C and 5D, drive gear 334 and drive gear 336 (as well as drive

- wheel 318 which is affixed to drive gear 336) rotate about axes that are affixed to the swivel arm

338, which rotates about swivel post axis 337. Tension spring 340, which is affixed to the

bottom of rotation plate 304 on one end and to swivel arm 338 on the opposite end, creates

mechanical tension such that drive wheel 318 has mechanical contact with sputter target 342.

Swivel arm 338 can rotate in the C or C’ direction as illustrated in FIG. SC. Movement of swivel

arm 338 allows for different size sputter targets to be accommodated by computer controlled

PTF apparatus 100. Additional swivel arms may be added to accommodate additional drive

wheels. Drive wheel 318 and idler wheels 320 have a circumferential “lip”, which the sputter

target (e.g. sputter target 342) can be located on. In this manner, a sputter target (e.g., sputter

target 342) can be located above target table 106 on the circumferential lip portions of drive
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target, and additionally permts novenent of drive wheel 318 in an arc in
the Cor C direction to accommopdate different sized sputter targets.
100451 Turning to FIGS. 5C and 5D, drive gear 334 and drive gear 336 (as
wel |l as drive wheel 318 which is affixed to drive gear 336) rotate about
axes that are affixed to the swivel arm 338, which rotates about sw vel
post axis 337. Tension spring 340, which is affixed to the bottom of
rotation plate 304 on one end and to swivel arm 338 on the opposite end,
creates - necvheal U8land ediesivdwnel S38 ko theaputtir tavget ishotdcr@d8d by sirgee Ghinios dhring

cont act wtqoﬁgm(;ﬂetgrgg get 342. Swivel arm 338 can rotate in the Cor C
direction as |IIustrateé in FIG 5C Myvenent of swivel arm 338 allows for

di fferent sif 5ﬂﬁgpuﬁﬂi@rﬁ guget §toBQ1eQPof%G&ﬁngﬁPo@lgdeF ootk §60. Co Eidbded
PTF apparatus 100. Additional sw vel arns maé t o accommodat e

addi ti onal dioys 34y tably 0§ pembdive avhgel A anddﬂlerwlmbe’»rzg vaich fampeunied

ci rcunf er entdn@btatidni pﬂhte 30&% séno&dae% a‘sawth%urfaé@({f%éet {a6leq06 %R}ﬁolic% sphaér%%et?’ﬂ)
can be | ocated a sputter tar ar get

342) can be Qvabglereﬁﬁ %EE?H%”F&F%FOW%I n%ataé@ft Gprated e@wﬁtewr ’él?]éripﬁ)awlﬂ} figive

portions of wihieél\ieg and Qsdhartls 3dBrodnb il 84 Mee el B3&Rc86h Ts@‘é‘s fPAkRhodaidl gt
is not scrat Cf&gf‘?lgg targ\_et table 106 during rotation of the target. 100461

FIG 6 illud SRUYRF 78t 2B¢ fe BRI fB s ts a6 diffstont éﬂ?ﬂéﬂ“&t"ﬂs“ &R,

Oval - shaped spitidf €ides Mdvem@nttﬁflgﬁhoﬁ phitee3diOfh BerEToi BdrdidéQionharlvs 3d8pwaad
on rotation plate 304 to be Iocated

i dl er wheels 32@ g?ll__ are unt ed

above the sGPFRCed 5? 8ot aﬁaﬂﬁéﬂrdwawgmﬁtat WHter Jprgeit to be tested
Oval - shapedbﬂu@wgﬁeufsﬁéldabtwwzmt ation plate 304 (located bel ow target
table 106) with drive wheel 318 and idler wheels 320 to be noved in the B

or B direc{i0dfi, sTuramg ti®FEE Jpmareckaiphry ﬁ{juﬁéraﬁ@étt34silzpos&muéd iwéearmgehaicand

tar get - Novee 0 Rf Ehiredd el defefloSale. | REReuS B 1 et i Saiiolis
conput er comdtatdd pedest RB2, apipavatable pkOdtal 0Bk doapleditopimied platel 1. Pughétien of
a sputter target,.o be.t blowma netic field detector 202. 71
Turning to. EHEE40b% BREER £ SRRl ARG, o opiver OF k8 fi stafo st B en
magnetic saperis400 canﬁbtamgmgten@ sduree| 4000 B eﬁzmqﬂe 20 arryMig Riiiilae 108y these400

I s connecti Hﬁ%é%‘beg%yﬁs?ﬂq ’%I % ?.E%WSENEG%FS et 349 is pr\é\%eralgly he cfalgya lv% V\ngequt al

402 being cou 0 base p
31 8 and idler wheels 320 Th1s arrangement allows sputter target 342 to be rotated by movement

of drive wheel 318 (and corresponding movement of idler wheels 320), while not having direct
contact with target table 106 which could scratch sputter target 342 during the rotation. As
discussed above in connection with FIG. 4, rotation plate 304 can be moved horizontally in the B
_ or B® direction to further position sputter target 342 below magnetic field detector 202.
Magnetic field detector can be moved vertically in the A or A’ direction relative to sputter target

342 and magnetic source 400.

. [0048] FIG. 8 illustrates a diagram of the computer control system 500 to control the
operation of the PTF measurement apparatus 100 according to various embodiments of the
present invention, FIG. 8 illustrates that transverse encoder 316, transverse motor 302, position
encoder 210, adjustment motor 206, rotation encoder 324, and rotation motor 322 are
communicatively coupled to command processor 502. Accordingly, data and commands can be

exchanged between encoders 210, 316, and 324, motors 206, 302 and 322, and command
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source 400 is preferably a horseshoe-style nagnet. An operator of conputer
controll ed PTF apparatus 100 can rotate nagnetic source 400, for exanple,
to carry out simlar test as those described by ASTM 1761 or ASTM 2086.
Sputter target 342 is preferably held by drive wheel 318 and idler wheels
320. This arrangenent allows sputter target 342 to be rotated by novenent
of drive wheel 318 (and correspondi ng novenent of idler wheels 320), while
not having direct contact with target table 106 which could scratch
sputter tar geeceSans durComgmindeprocessat $10ris cosmurdéatioels saqbledbw\ceminnmcamnsehﬁk o n
with FIG 4 520 QLifl é&ﬂn&h&&&s%ﬁmﬁ?%d’ eCn}-r)un d gp rﬁf':s%c%nglﬁlre%lves com %s fOI‘

direction to further position sputter tar nagneti C
det ect or 20Z0mpWEGHE: fnd ihiteicl n@lmreéﬁﬁaﬂ%aml ¥ woveddivgy tum:aﬂl bxyoff, rreatdhhtaA or

A directi Orbofl&ke@tbb\é&oﬁc‘:}s §fU"§f6€ Endtﬁa ?E‘ecﬁlgégutﬁﬂgatlro@%@%%t?on%ﬂ{tﬁ%“h%gg’é8r

'[00481 FIG 8 illustrates a diagramo uter contr ol
control the nEHEptED Britchf oft W@GW Fnqtera$Qr mﬂemtlu&apgarlmtmﬁ%(ao Campuimdﬁﬂg it o

various enboginemtsivel cglﬂf?ed e E%&H&uh&\’l@&tli&% 20 Ellltg‘coxﬁmbxlul:a'ﬁ%s d@&\ﬁ)gliﬁbalm

transverse encoder 316, transvérse notor position enco
adj ust nent AbPHMbeBabascEt i on encoder 324, and rotation motor 322 are

communi cat i X‘? é]coupl ed to conmand processor 502. Accordingly, data and
commands cad?®8l e Retbag el BeFiRratohupabnsasunngsputter greekn Patzan ingldopast 206,

302 and 322 nuabe, 160mmREHaE pla‘te:'{ilunib'ép CRES MmBeL Qpp@am qv@atgﬁ Qﬁﬁ@oxrang‘%l&tdaﬁss
conmmuni catl ons

conmuni cati v oupl cormunl cations |i1nk 20 Wit
network 530V e‘t‘%nﬁPﬁ‘ﬁg‘ §?‘{§% dug lughey Gasereies OE@ﬁ?fﬁWdEef?ePbﬁT F, cgisgmbinatingg
and instr UCﬂ&reﬂD'&)ﬁFu@ A0E, suitddle @edurdment bP dak C DhEbdg 550 L dloQbrdfpuliéiftargbead

data coll eg,ﬁ:s encogﬁé 210, 316. and 324, or receive initialization
i nf or mat i on 3 gracraied g corgputér; A, Dalebase 35 ire BRI RSFIBEARBY B 302

‘and adj ust mbettilized during Qe m@@uﬁw&l@ lof éﬂ@eﬂtﬁgetﬁ OFBFLRANGEAS, Idt@ha¥e STDURA SdrelRiang
conmuni cat i ons i nk conmuni cati ons network 530, as. i s external

dat abase 55802 e[dotﬁé’ﬁfl??ﬁtoé‘bt %épugsrota&‘%ahw %P’@asamméH’f‘%ﬁl%éﬁmﬁ@ag’lﬁﬂuﬁ’ﬁers‘ifut ter

targets. Damgasa@ment ¢ bé@afa fic. apﬁhlélibﬁﬁld of @t ndd lsourd, WcCaveidpdfdreent BTEEL
Gaus val owest @Gauss

Vel e, h?S Pt 'a%'g g ORGP U Bt TR Y A B RBRor
tng; gOfS but t L(ﬁ?f%ia (ip111p11§e:r|5t4(:51 %Lne U %grlélgn?irgompu? er, la 6}2[:;1? con%tearbr%%gfra?n?eocogn%ﬁte?l S0
. dumb tenmnal Personal Digital Assistant (PDAs), wireless terminal, portable telephone, or any
other form of networked personal computing device. Computer 540 can include network card
+ 542 for interfacing with communications network 530 to trapsmit and receive data. Computer
540 can also have processor 544 running a program to control and collect data from transverse
encoder 316, transverse motor 302, position encoder 210, adjustment motor 206, rotation
. encoder 324, rotation motor 322, control processor 510, database 550 or other data storage
connected to communications network 530, a magoetic ficld detector (e.g. magnetic field
detector 202, Teslameter 560, magnetic field probe 570, etc.), any combination thereof, or any
other suitable device. PTF measurement data, maps of the sputter target, or other suitable data or

information can be presented to an operator on display 546.

[0051] In the exemplary embodiment illustrated in FIG. 8, computer 540 can be
communicatively coupled to Teslameter 560 and magnetic field probe 570, where magnetic field

probe 570 reads the magnetic field strength transmitted though the sputter target and Teslameter
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PTF maps generated by conputer 540. Database 550 can store predeterm ned
specifications to be utilized during the neasurenent of sputter targets.
For exanpl e, database 550 can store data related to positions on the
sputter target where neasurenents should be nmade, the nunber of
measurenents to be nmade, the applied field of the magnetic source, the
aver age percent PTF, average Gauss, range in Gauss, any conbi nation
thereof, or any other suitable information. [0050] Conputer 540 can be a
per sonal corfdltinterprdisa pidoguapiifies the magnetie rﬂ‘erdaixﬁ)rmaﬁqnulfrm the piubﬁb ané rsends dhg
ersonal D Gbhadsaio Lt SRS ontfch 8,855t of Hhilak, scPO1d AREud FUERBRCS,
or any other form of networ persona ing devr &8, 5

i ncl ude net 3P leare he domiguedl oy singhet davicaois ﬁgmwnt:ﬂm fddndetitoaticbns metlﬂmrﬂ@k'éSO
to transmt gl AHSiNE R LerGSOIPHLIIG, 7% 6RR BbSRniRY T BhRGERAL,
running a programto contro and co ect data Fromiransverse —encoder. 316
transverse ﬁb‘lsﬁwe@(}@haﬁﬁlﬁﬂme@n encoder 210, adjustment nmotor 206, rotation
encoder 324, rotatlon not or 322, control processor 510, database 550 or

other data $985Phge FIGohiBEtaes ipmasiRi Bsesementeethest £00538ter £07uelnes foc
field deteckaherfr. t&getmp&mfail&s fitdCtan 96 LBEHGH a aﬁaoaseT(%él IRISS sRAR FidBgNet i ¢

field probe 570, ., any conbi nation thereof, or ny other suitable
devi ce. PTF oﬁ%"’é‘sll?rpé by gicustorms G5 ORsFaterh dhg &W‘tﬁé‘i‘tioﬂ%ﬁa@é@me&’r fostenapple i abl e

data or i niieyile®PTP BhaERRrbE:s PF @@@&éﬁ&g&o&@@uﬁpﬁroahsﬁre@ﬂegh@ﬂkﬁytoaﬂefinad& 0051]
illustrated in FIG_ 8, conputer 540 can

In the exen‘g@a} enbodj nent
Lo cat | e oM e Per cteh R arearure des iy ol mserBe FPa e mpel S35
wher e magnetpultef fagded theFHc&tp&bﬁmué’sQ&%‘é fo e RREIIEII throdt] BE vepdob €RGEshvalue for

transmtted thouaﬁ %he sputter .targ aﬁg Tesl ameter -12 560 interprets
and quanti f PS40 BERTR AP cqnb ch"} 5Pt Photht SHitRblednigraabian. BiGH: &is t he

col l ected dads utaGergeomipiot 802 2dQdjubtihethi@br 20QE IIMRINES. T08 kAR hes a55c9ne?md
magnetic fi gl e device as a magnhe

el d. probe. 570 can be, conmbiped in a sj
field det e'cf‘%‘?c,h oL BRica8 gt psitiopg phic ok st JEWEHVID ArpETas by éle%aaepwnﬁf'
1-3 and FI GmoVemdnﬂoKHlihéfodGbBii&d l24¥Abl$ 219 SISh@4IRE edd ﬁﬁ%t@&ﬂedﬁ@ne%kﬁd&khﬁlhﬁded

ith Ga ter. J0052 9 il t ted PT
et hod 600, PRLiER B0 DA B i ARt ALt S RgB PR AT DRSS TANEn can

be stored i mﬁatodaleadnaaepleeet@mxnedpdsaimas Thb eRitddiks Eah GendS) signaDio Rl lpﬁacas@&w ded

by a custo or o le ions can relate f exa
¢ %e n?fO or compu ra5t4 of F@g to cate in?tlaé Lzat{(])n %’raverse encoder %16 pos?ti‘on eNco r

210, and rotation encoder 324 are also initialized by control processor 510 or computer 540.
Next, at step 606, adjustment motor 206 is activated, and magnetic field detector 202 is moved to
achieve the specified Gauss field intensity (i.e. magnetic field intensity) that is specified in the
database (e.g., database 550), given the intensity of the magnetic field from magnetic source 400.
At step 608, computer 540 determines whether target 342 fits under magnetic field detector 202,
If it will not fit, the operator is warned at step 610, and the PTF measurement test is aborted at
step 6012,

[0053] If sputter target 342 does fit under magnetic field detector 202, control processor 510
or computer 540 activates traverse motor 302 and moves sputter target 342 under magnetic field
detector 202 to the first predetermined measurement location at step 614. Next, at step 616, the
magnetic field strength (i.e., Gauss field strength) is gathered by magnetic field detector 202 (or
by Teslameter 560 and magnetic field probe 570) and directed to database 550 along

communication link 520 to be used by computer 540. At step 618, computer 540 determines if
-13-




desired PTF characteristics of a sputter target, the nunber of desired
nmeasurenents to be made, the |ocations on the sputter target to neasure,
the value of the nmagnetic field to be applied to the sputter target, the
accept abl e Gauss range for the measured target, the average Gauss val ue for
t he neasured target, any conbination thereof, or any other suitable
information. Next, at step 604, traverse notor 302 and adj ustnent notor
206 are initialized. Each notor has a "honme" switch to indicate the start
posi tion, whilcthe graicleasmaclptariensyfor nlieg:gmttectazigyt lidve bmcﬂneasﬁretalby ngueiceidd of
slide r Od b e"L'Eéc{ESQ 26?5“1’1“9 reggtﬁrm%{eg 5 ?19\% no?(li)eeznzrglezlislq}e . Comp t%la %IIO gcg%ates
predeternlnec posi ti on, r e effen traverse s éb Bearlng assenbl y
308 on r ot attiogHopinatoe 32% andedrive vlleslcRds t@@ﬁatt: cpwter faeges 3420t¢ethq:) nexd eteesunincat]
position. The..suk LSS, ignak r 0
conputer 540 %?i té S8 fgg&ﬂ(ll n Qlafgncﬁl niti 5 th%ﬁﬂé%a% egfggeir%gi gzrl\%g%sge @fB
posi tion enclédépredezqmmeématmt batve bepnewreauiest; c@@iten F40 aloglates tietrembnteas PTHy
control ProGaasth ohfhdlinié OIRMEH (A0 specftiello b &Bec UGapita 4id BBRE "1 OF
206 is activated, “an rrralnetlc ‘f@ waectoﬁsgggﬁlsfﬁnvg i Egevé
speci fi ed Getlatgbase (550 of SFenﬁé%sNW f{tlstee 624rmemputirS49 idetbrdmileﬁtlfethepftrwtaghBTF pB
speci fied i npd RBasud@tARARRe 6r Bils ﬂ@%@%ﬁﬁeé@%mecgép\éﬁﬁcah&% nl% Qltaﬁ&r%é 55'0 Oj¢ the

magnetic field from nagnetic source ) 8,

det er i nes i tRGrif thy fagget myety of faﬂ%toméﬁw w@ﬁ@m@edfsp@nfwaméb? éa:ta ﬁem the | f

it will not e is stdrbieinQRBHAL 850.1 T’hé’\@&ﬂ@ge gt a@PagpPﬁl}-Qnax"ﬁﬂth e, Ritkmum PTF,
nmeasurenent test is aborted at step 6 f sputter target 342 does
fit under nAYEEMee!s preaifigatigns egebroes oot m@@bﬁ@?@ﬂlﬁﬁo@r@gg pthersyigabloipfosnitiont er

540 activat eg,)lakaNSl$61 /MR RIOopaAer RRGHAKAVES sputter target 342 under
magnetic field detector 202 to the first predeterm ned neasurenent

I ocatl on at [eisap GTﬂmldgl%FIG ab, méRd ﬁ)b@ﬂusirﬁt@s thsramﬂﬁiap;ﬁné b&ka@toﬁt meshgt 702,
(1. netic field detector 202 (or

e., Gauss field s%t[ength S gatgoere
by Tesl anet &° 888 RRAIGHAISS v Iﬁfiats@sﬁaf byt @3¢ eNettoat i alfis e
550 al ong  @@vemenin6@dt 30N ahd REuSAGHt Qothe 206 At RitiaGLIPBAL e«sntrérlgmcévsorsswpoﬁ 18,

conputer 540 determ.nes if 13 aII t he term ned Iocatlons for th
sputter tar @@PP%%I\?gb bR IFERIF et Spreers @%ﬁg‘? detyofoz pesitighengnderyy 10pt mtravonan

predet er m neﬁtotiaragetase dmwmmmed B?Qbhtf@@ﬁ)blésﬁiﬂ 510 QP BaHyRiker 340) ekl MakdpSios,
rotation rmt 322 and 8{) SE 318.to rotai% sputter_tar et 342 to the
£ &‘i“’age p

next - measur MBI RS cgBig! Pragsos aHL FfaBALFL Vet rrignets field
gat hering gatssorfioel(er mhgnemgfiéld @adba 5ab) Strived hbthe A or A’ direction to achieve the

. specified magnetic field intensity (i.e., Gauss field intensity) that is stored in database 550 given

the applied field of magnetic source 400. In addition, the sputter target is moved into position
under the magnetic field detector. At step 708, computer 540 determines whether target 342 fits
under magnetic field detector 202. If it will not fit, the operator is wamned at step 710, and the

- PTF measurement test is aborted at step 712.

[0055] If sputter target 342 does fit under magnetic field detector 202, computer 540 at step
714 actives traverse motor 302 and moves the sputter target under magnetic field detector 202 to
the first predetermined measurement location. Next, at step 716, the magnetic field strength (i.c.,
Gauss field strength) is gathered by magnetic field detector 202 (or magnetic field probe 570)
and sent to database 550 along communication link 520. Step 718 determines if all the
- predetermined locations for the sputter target have been measured by magnetic field detector

202. If all predetermined targets have not been measured, computer 540 at step 720 actives
' -14-




If all predeterm ned | ocations have been neasured, conputer 540 cal cul ates
the percentage PTF, and then conpares this calculation to the
specifications that have been established and stored in database 550 at
step 622. Next, at step 624, conputer 540 determines if the percentage PTF
of ‘the neasured target neets or fails the stored predeterm ned
specifications in database 550. At step 626, if the target neets or fails
to nmeet the predeterm ned specifications, the data fromthe test is stored
i n dat abase re@ien mgter 328 snd reatésganget, 342 wetha gext BERsurargexi lovatioR BR¢ theh métwosmoPTF,
target neet of AR o] ny
A L L
notifi ed. [@%uqnwmrm%aaged GOIRPUBT 50 at steit FAZceROGingd if d@tturattéiss béve cmiiﬂetﬂhppl ng
operation. lQgk&P Iiva(l)l%ftar%elf'ﬁztlﬁg gcﬁﬁ)eeigl?e%ljrécp gé {r Sﬁf 8t stré 534 a%f{\ga%s%%%an

dat abase 550 by conputer aver e notor
adj ust nent mAES02ems! meves farget 343 fPIZ‘@tﬂ wercmmml ﬁeﬁﬂr@tﬁe@s 212 15 11§ roxt speciftedut er

540. Traver %ﬁ:aﬁ%ﬁ%ﬁﬁ[ocﬁﬂoﬁ m@ﬂl@%étﬁodf }eﬁnlnﬂi ek Cgﬂir Hoaﬁl Bf %%e?%ﬁ.?‘iﬁ{ b&hO:

and rotation encoder 24" are lso initiallze contro ocessor 510 or

conput er 54@eaNER Stelaﬂz% 9%%11%611@ parentage KRt aﬂ#db@r coppares ﬂﬂ%lé%b%l@@@ By
control pr 0§]|5‘é@§1@£t105§-ﬂaﬂfav&&@$’é&a%ﬁsh'édl%d ik RgRekd Ssof ngkdar SQ-,?%@E% ptd2 (or

magnetic field probe 570) is noved in the A or A direction to achieve the
“speci fied matthequtates prd %Fanﬁie%ﬁ gipp 9f ppttes targe@éﬂ%%m@@wprppﬂr@ﬁs At §pp 73Pathei s

stored in da;agtaaas Qalane @R ard BRpIARA! b G dpbBlof oR i PRINELEL sFOUNREIANE- | N
addition, the sputter target is noved into position under the magnetic

field detecPBrRuieas4S By %Bple,é%ﬁmwﬁars@tewéiﬂ%wcwe@sm ﬁ?élfterttarsgeisspbxz
fits undersdmgesd sfrifi gl.d detector 202. If it will not fit, the operator
is warned at step 710, and the PTF neasurenent test is aborted at step
712. [ 00551[00f6]s pUkntoRé edetipBiet en%&mﬁﬂﬂfﬁr thbgpidgNOBIdi fERGH fdsktfons 4 a@ hidasdRli@g hor

202, conputer 540 at te 714 vers tor 302 t he

sputter Far et Hadh Cha 1) &&ﬁOB“?“?@HE ‘L@Pé’F’m sl govepeat crfa%f wheel 318 10

pr edet er m n@thtwha SputRTRRdet, |20 6@l iad ﬂmvé\lﬁxztmn PlatSinaRe B1H B’ tdnectivhg REtLedlihel d

strength (I?% %‘bdri@ Fnceld stren qgthered by magnetic field

det ect or Co t L% PEmReR, i dignegsy 16 aoparaleamiEnets Tt HERLEMSEOUSI ong

f:om‘ru_ni cat :c madel dlang aBﬁ@deﬁSé&@ﬂ&Jo&cﬂﬁﬁe&h{gal RRE téwardd ﬂua les)ter edgé of ets@mm ﬁ{aggt
ocations r t utter tar ve e magnet { e

det ect or 2@?.“ r‘fem%ﬁp We'BF’Eﬁ’é’% 82@&1 ‘ﬂg\/‘é{“ﬁ Gt a%‘@% ﬁg‘ﬁ’e%&‘fchke‘k‘}sm"e

conput er 54Qomt thetrig, 420 tkeh Ia‘t/ﬂﬁferenﬂ.ﬂegree orientations. Upon completion of these 16

measurements, computer 540 can instruct traverse motor 302 to move rotation plate 304 such
that magnetic field detector 202 is positioned away from the outer ring towards the center of the
sputter target. Again, 16 measurements are made in a circumferential ring. This process of
measuring the sputter target along rings can be done until 128 different measurements are made.
The collected measurement data can be stored in a database (e.g., external database 550), and

(used to create a map (such as the map of sputter target display screen 800 of FIG. 11).

[0057] ‘FIG. 11 illustrates an illustrative sputter target display screen 800 that can be
~presented to an operator according to an exemplary embodiment of the invention. Display
screen 800 can present information such as the part number 802 of the sputter target, the lot
-number 804 of the sputter target, plate number 806, and the target number 808. Command
- processor 510, which is communicatively coupled via communication links 520 to the magnetic

field probe 570 and Teslameter 560 (or a single magnetic field detector device, such as magnetic
-15-




rotation notor 322 and rotates target 342 to the next neasurenent |ocation,
and then returns to step 716 to gather additional magnetic field
measurenents (i.e., Gauss field strength data). If all locations are
measured, conputer 540 at step 722 determines if the target has been
conpletely neasured. If all of target 342 has not been neasured, conputer
540 at step 724 activates traverse notor 302 and noves target 342 forward
under magnetic field detector 202 to the next specified measurenent

| ocati on, arfeld detectre2PR.chnd et rotation ¢noodst 81, iﬁds&ionleﬁcodbdzm,fanﬂ angek esddedls, been
measur ed, st I Sq.t:h PTE hen co S
cal cul ation Ctglgmtﬁ%@t &gap%kzhlh %adtelglgeﬁssa%?ﬁ glﬂi&ug\%gd %‘e"éﬁ’ ?%’%F %ﬁ% %)e?ded in
dat abase 550ox Rékithe ayerags %Sﬂ@&sur@mcmm et bozA02,catregs patcers P& ﬁdn gaanlmxe&l és a
map of sput tgl..tar@ats g 1”&19'"9 smgncpf' 8&’%&%&&1 1nAite)&SI§0§p81%391e 1%Q~§st %gg)s and
cal cul ated resuts are |spaec an opera

connect ed t éneaguemant eff the yegnefip ﬁelé?x e:.lnfpll@d f@rrvetes putdt éx tet{abog@tl 8 rmpl thh kighesty can
resembl e spyh&lortias Betfé'ﬁ%ﬂL fh¥asur§ 5(%%368?&9 ePih 15k fox bb: MaPR %ie dd S9RE:
exenpl ary enbodi nent pi ng, Fent posi tions*ar feasur ed on a
sputter tar g‘?;"clcateﬁb?r?}maé?s fh*’é mgwm pregjofrqgetgnaprid4 m@b@@ ot babdve a pirticuio\asereget  of
drive wheel p3d&rdnnt valcat € the sputter target, as well as nove rotation
plate in the Bor B directions illustrated in FIGS. 4, 6 and 7. In an

exenpl ary epiasg] Memhe delfiled BRAHALE seTBHI Y il B FRASHIGREDpsndad eraw{@sifs
al ong a predefi Qfd outer circunferential ring towards the outer Edgeg o
C

sputter tar Jufded #,acdescrigtion. g iarione smbodimpnty ©f ghpylvenfion gad dy et infen

ot her or at r@ﬂa}éer@&ﬁ@bnl?%rﬁ@bﬂnfénﬂhﬁhﬁl‘il@l@ the 8ok hﬁayr bé‘gracﬁ’&d t fKE Qetdiled

di fferent dg%ree O:‘fgﬂf tatiQ Upon conpl etion of these 16 _neasurenents,
CEpop

conputer 54 fopeq Ca%ﬂ%@r HstyrPosY prayiding Adhorenshindsistidined! 854

such = that nrgnRhi Hdweedrdit Gall ‘B@Eﬂfare%@% thSseP@lell 10 MR GridWa hd 1mOBAtLR @nagHeer
ring towards the. c @er‘r of the ﬁ er target. Again, 16 neasurenents are
made in a cPPEUH ¥ ahess ispggificTtalsp g o grstangi o el j kagwe HEruSHErs ¢ @y
target al ongonigongss saRhdw @Mk ditighain b8 il bfdeLioORbidIBRBHALIE Rbicepk Of MRAE.
The col |l ected measurement data can be stored in a database (e.g., external
dat abase 55BY"™8Fd used to create a map (such as the map of sputter target
di spl ay scr 800 of F : FIG 11 | stra s an illustrative
Spubter tar DEIG o Rl Dok orfr o berarchy abidins BE wdierse iRlated
accordi ng tb.aammmeasn)plaﬁmebam&a@t Baded updh desig@prefeices,t 8 phddystocsiakiat eie 800
can present o AEOLMR! b erSti or ot Hnb Blobes st RS be Toratted While SEMing widihd®!

. the scope of the present disclosure. The accompanying method claims present elements of the

various steps in a sample order, and are not meant to be limited to the specific order or hierarchy

presented.

[0060] The various illustrative logical blocks, modules, circuits, elements, and/or
components described in connection with the embodiments disclosed herein may be
implemented or performed with a general purpose processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other
‘programmable logic component, discrete gate or transistor logic, discrete hardware components,
or any combination thereof designed to perform the functions described herein. A general-
purpose processor may be a microprocessor, but in the alternative, the processor may be any

conventional processor, controller, microcontroller, or state machine, A processor may also be
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nunber 804 of the sputter target, plate nunber 806, and the target nunber
808. Command processor 510, which is comunicatively coupled via

comuni cation |inks 520 to the magnetic field probe 570 and Tesl aneter 560
(or a single magnetic field detector device, such as nagnetic 15 field
detector 202), and to rotation encoder 324, position encoder 210, and
traverse encoder 316, can collect data fromthese devices and cal cul ate
and display the applied magnetic field in text box 810, the average Gauss
measur ement implemented pok c@nbnatigy ef epyepupes cumronddTE ejgn atcombiniin & p4DSP prgingge i n
Gauss val ueSsmifcRprob&SorBARSTt 6f flcRlpthcPRES Wn€ dr nbre é%pr@&&oﬁjiﬁ corxﬁilﬂl@ti&!’mt
Gauss neasurenent of the magnetic fields neasured for a test target in
text box 81&D¥hepre Reanpiotisesyeh configationsr t he magnetic fiel ds neasured for a
test target i&ﬂtext box 820. Mappi ng Iegend 824 can _indicate the_averages
that a gi verl®fba dpe mabgdy Orr?éasvrl@% deyepbeghig rannsptioayitivihe cbadiments disclogeder age
‘nmeasur enent hégini@ay pelibdflicd Bitecl troliakBfhrd] 854 SdfilateQRodaRex bRl By Rk RWEsb or
connection with the appended drawings is . intended as a description of

vari ous embdbiiAERPEAER of s My At PRI esm et e, Ht BEBOR: t he
only embodi rREVNI SndnidriEPROM fembiyy EBRROM did@ior R Gedditas; Haiedisk, 1 kandlablaidlseth

description i es specific details for the purpose of providing a

t hor ough’ uné%jr1 gbgﬁé?f ﬁrﬁp?fﬁertﬂ?f? (gfl R eym gthe grt. gsto agﬁ@eg‘ﬁﬁ‘d}’@h‘fe to

t hos ef ski %jl edupileml toh éheaprocesdvat suth ehat I’tlc(@@fdic@dl;soﬁmaﬁ Bad ipfoaﬁdtioﬁe@b&w hiowkitet hese
specific details.. | one i nstances no structures copponent s
are shown | HUBPRHR & BERaRES BRAPT I8 dedlimayedborereaciim Ry tHecgahedi o of
t he i nvent ipomess¢grO059] It is understood that the specific order or

hi erarchy of steps in the processes disclosed is an exanple of exenplary
approaches. [®%2ked Tbopredasidguripicafieprevideaistp endbld agy persharskilodth thdrat totpheetice

SR .o Wl RS oSl S 0 BARESERED BB Bl A
acconpanyi neeadidst hppdrent @i these pkidled int the lagvemit the @énetib @rincipied dufined heps may &
P o ar chy. Uity difes 15a BT, " Oui3” el BB ok BB g i BBl e
modul es, ci rbddirgentsethewn mersin, hwids or be ewnidod értisll dape colsatbni witl threnlexduzgen
with the e”plgl%s,rr%ﬂéran %f@r%ﬁc%%g‘dm Ql%fﬁgﬂt n Iﬁ%ysin%%lar is not intended to mean “one and only
one” unless specifically so stated, but rather “one or more.” All structural and functional

equivalents to the elements of the various embodiments described throughout this disclosure that

~ are known or later come fo be known to those of ordinary skill in the art are expressly

incorporated herein by reference and are intended to be encompassed by the claims. Moreover,

nothing disclosed herein is intended to be dedicated to the public regardless of whether such

disclosure is explicitly recited in the claims. No claim element is to be construed under the

provisions of 35 U.S.C. §112, sixth paragraph, unless the clement is expressly recited using the

phrase “means for” or, in the case of a method claim, the element is recited using the phrase

“step for.”
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i npl enented or perfornmed with a general purpose processor, a digital signal
processor (DSP), an application specific integrated circuit (ASIC), a
field programmabl e gate array (FPGA) or other programable |ogic
conponent, discrete gate or transistor |logic, discrete hardware conponents,
or any conbi nation thereof designed to performthe functions descri bed
herein. A general- purpose processor may be a m croprocessor, but in the
alternative, the processor nay be any conventional processor, controller,
m crocont r o' \WHIAT I8 C3IAAMEDESHI ne. A processor may al so be -16 inplenented
as a conbi nation of conputing conponents, e.g., a conbination of a DSP and
a mcroprocessor, a plurality of m croprocessors, one or nore

m croprocessors in conjunction with a DSP core, or any other such
configuration. [0D61]Anldpparntes foodiserminimgy thopasd thithgldscstiakpdter ArgeRRAGAiHON

with the enbodi nents ,di scl osed,.. herein y be enmhodi ed directly in
hardware, in a softwiPe nddd é:u%?((’élécﬁtggbe?%%'gﬁ “ﬁf’lgg%g??@rp,assbr}gt 'OHéi’aéle sputter

conbi nat i ontagett he two. A software nodule nmay reside in RAM nenory, flash
menory, ROM nenory, EPROM menpr P mory, registers, hard diisk, a
removabl e di sk, a ROM 6 ggcn%él%%l%rorfz %n?%{“g? YOS‘P%’F%& er‘?baéflleﬁ%%ﬁﬂba\f\’ﬂ in the
art. A storage nedi uf®)mayarmtonped plaadcanfgirbibtopiioye essarbodid thetspatter talpet or
processor cait solefdf jon from and wite information to, the storage
medium In t eagﬁglgr nggllre{v%?}the storage nedium may be integral to the
processor. [0062] The previous description is provided to enable any person
skilled in the art tqupracticer e gkl i escri in.
Various nodifi cat% ons. toﬂ)t {?esg' (élg oldi mﬁ?gélﬁ@%%ﬁcgge%ﬁﬁld%%écﬁﬁ%%%gﬁgo o .

t hose ski'|l | with the magoetigrfield detegtor dnd cgefimurdddo geterminephepassidfdugle Guwhelthé sputiery be
applied to ot ReqsRRUETRR i asuldis ! i It

PP ted 1o PRty g%lovmﬁ%féélg?lﬁ%%&gﬁi R R or i RS Onk RochEr, |
scope consi er@aspuiiettargethe | anguage clai s, wherein reference to an el ement
in the singular is not intended to nean "one and only one" unless
specifically so stated, but rather "one or nore." Al structural and
functional equi Val ekhsanparatup ef et rihsref the brocassariioernfigurbrbidi avnertts a map
descri bed tm@&%@&@hﬁﬁio‘fﬂﬂisﬁe e that are known or later conme to be
known to those of ordinary ski i'n the art are expressly incorporated
herein by reference and are intended to be enconpassed by the cl ains.

Mor eover, 4.  The apparatus of clajim 2, wherein the processor is configured to determine at

least one of an average Gauss value of the sputter target, a Gauss value range of the sputter
target, a lowest Gauss value for the sputter target, a highest Gauss value for a sputter target, or an

. average PTF percentage, or any combination thereof.

5. The apparatus of claim 4, wherein the processor is configured to generate a map
of the sputter target, wherein the map identifies predetermined percentage ranges of the sputter
target that are above or below the average Gauss value or average PTF percentage for at least

one location on the sputter target.

6.  The apparatus of any one of the preceding claims, wherein the magnetic source is

located beneath the sputter target.
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not hi ng di scl osed herein is intended to be dedicated to the public
regardl ess of whether such disclosure is explicitly recited in the clains.
No claimelenent is to be construed under the provisions of 35 U S. C
112, sixth paragraph, unless the element is expressly recited using the
phrase "nmeans for" or, in the case of a nmethod claim the element is
recited using the phrase "step for." -17 WHAT IS CLAIMED IS: 1. An
apparatus for determ ning the pass through flux of a sputter target
conprising: (a) & malfKePPaatsafpeeonsah drearicedinaclumgrdiics the ehgnepasesragds
t hrough t he fmgiatdd@s s rotab@8kdesal) @ magnetic field detector configured to
nmeasure the nmagnetic field; and (c) an automated stand configured to nove
one or both of the sputter target or the magnetic field detector. 2. The
apparatus of clai B 1, THeWphasdis of AP D 119 pRecRiiMEQARO whertindBd Ans RN | ON
with the magnetic field detector and configured to determ ne the pass
through fl uXOBfEYedo Gl hasputterisgels using at | east one measurement fromthe
magnetic field detector for at |east one |ocation on the sputter target.
3. The apparatus of aim?2, wherein the processor, is configured to
generate a map o?‘ p;'ls@ PRI G oI B, wereinthe Qyipmpaiedstapd potatts thegsputigy garget to
- appar at us ofat thaidife Predwbiedindd hobitieh, RAO GAGSHAIa procesdn i Qi admh@ﬁangleﬁvml m1;ﬁe at
uss val ue

| east one of an ay Gauss val ue, of the sputter target,

range of t hE Bl WegPp R co et € defermiog the natrabionst Iio St FREF PPt
a hi ghest Gasigg anedstiénef mdasitersdntifrb@ thel ndggeric, fiddd dAdttor Forat Rge® ot focRh @aMeage,
or any conbin

tion thereof. 5. The a rat.us of claim4, wherein the
processor i§m§%5?¥%U¥ af%“b@ﬁ@ﬁgﬁg“g&%ﬁﬁmuﬂf the sputter target, wherein
the map identifies predeterm ned percentage ranges of the sputter target
that are above or, below t he average uss val ue or .average PTF percentage
for at |east one”foégfﬁ%ﬁ“%ﬁ‘fﬁ%g%ﬁﬁ?¥%?n#5#85??wéﬁm*%gggﬁdﬁﬁﬂ@ﬁ?*@%ﬂany
one of the foreaetitinrgthclt Eastswo idtee mhédls dnklat Fersg 0@t drive Sbeyl aovie 3 target table of the

automated stand.

11. The apparatus of any one of the preceding claims, wherein a processor in data
communication with the automated stand is configured to move one or both of the sputter target

or the magnetic field detector.

12. A method for determining the pass through flux of a sputter target comprising:
(a) generating a magnetic field on a first side of the sputter target and passing
the magnetic field through the sputter target and out a second side of the sputter target;
(b)  measuring the magnetic field at the second side of the sputter target with a

magnetic field detector; and

(c) moving one or both the sputter target or the magnetic field detector during

the measuring using an automated stand.

13.  The method of claim 12, determining the pass through flux of the sputter target

using at least one measurement from the magnetic field detector for at least one location on the

sputter target using a processor in data communication with the magnetic field detector.
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| ocat ed beneath the sputter target. -18 7. The apparatus of any one of the
precedi ng clainms, wherein the magnetic source is nounted to a rotatable
pedestal. 8. The apparatus of any one of the preceding clains, wherein the
automated stand is configured to rotate the sputter target. 9. The
apparatus of claim8, wherein the automated stand rotates the sputter
target to at |east one predeterm ned position, and wherein a processor in
data communi cation with the magnetic field detector and configured to
determ ne the pass through flux of the sputter target wusing at |east one
measur enent from {he i i el ector.for at .|east one |ocation on
The spurter targur ATCHREb QU8 15, MRAF SbinenBleaiiound i PG B58 G
appar at us ofof tie gputteBtargeitveing tha ptoaessarut onat ed stand retains the sputter
target for rotation with at |least two idler wheels and at | east one drive
wheel above a target table of the automated stand. 11. The apparatus of
any one of the prkcedhndnediodiafsclaimhéy, efurthen qompishsgs daterininintn bt leat cmenediiapat i on
with the au (e1e: NS ' ' 0 f e ter
target or {ahe naqgarlllg% %rggqug?%&g%%rg%{gggét(%ﬁg%ﬁﬁg?ﬁggfP%rsajgté%et?r%%?’n? Eog‘}é%the
pass t hr ougapssrlug for shesspuiter target, arhjghestenupriabie figy:a sputjer (pegrdraatai avprage PAGnet i ¢
field on a Ligk i . : passing the nmagnetic field
t hr ough theBspﬁlzta}tgz’rog%%gﬁ)ﬁg%%%%&gmg%%ggﬁc%%ge of the sputter target; (b)
measuring the magnetic field at the second side of the sputter target with

a magnetic fiel dedetrrCh@hod FRfich &3, RN Pln 288 Qénegﬂltné]a Ingﬁoﬁtﬂyg ftér t&r?bretget

or the magnetic field detector during the nmeasuring using an autonma
stand. 13. YR HePrasessest wharein fiermap identifienprodetryminpdpgseestace Fanewsgtf the wnttesf t he

sputter tar gglet theS4rO Ghodb of BAST tHe e dEAG WS 433 1A N orva&q%ctppE ?&géﬁ?dtgk Gorfat fe!ag

detector for at | east one |location on the sputter target using a processor
“in data conPRfriPREeH AkhesPetisr tarest nagnetic fiel d detector. -19

17.  The method of any one of claims 12 to 16, wherein the magnetic source is located

beneath the sputter target.

18.  The method of any one of claims 12 to 17, wherein the magnetic source is

mounted to a rotatable pedestal.

19. The method of any one of claims 12 to 18, wherein the automated stand is

configured to rotate the sputter target.

20. The method of claim 19, further comprising rotating the sputter target to at least
one predetermined position using the automated stand, and determining the pass through flux of
the sputter target using at least one measurement from the magnetic field detector for at least one

location on the sputter target at the at least one predetermined position using the processor.

21. The method of claim 19, further comprising retaining the sputter target for
rotation with at feast two idler wheels and at least one drive wheel above a target table of the

automated stand.
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14. The method of claim 13, further conprising generating a map of pass
through flux of the sputter target using the processor. 15. The nethod of
claim13, further conprising determ ning at | east one of an average Gauss
val ue of the sputter target, a Gauss value range of the sputter target, a
| owest Gauss value for the sputter target, a highest Gauss value for a
sputter target, or an average PTF percentage, or any conbi nation thereof
using the processor. 16. The nethod of claim 15, further conprising
generating a map of the sputter target wusing the processor, wherein the
map identifies predetipemdgd GemseRt@AANISTo O, E&%gaﬂlgtat Blocest i’ il %ha ot hat
are above or bel ow t he average Gauss val ue or avera rcent age %or at
| east one [COBRpRigHoRfwithyhe saﬁi?t"l?@? staad emove pne PhéotrentHbel smﬁelamgebne thef
clainms 12 t enagfutic @ISkt he magnetic source is |ocated beneath the
"sputter target. 18. The nethod of any one of clainms 12 to 17, wherein the
magnetic source is nounted to a rotatable pedestal. 19. The nethod of any
one of clainms 12 to 18, wherein the automated stand is configured to
rotate the sputter target. 20. The nethod of claim 19, further conprising
rotating the sputter target to at |least one predeterm ned position using
the automated stand, and determ ning the pass through flux of the sputter
target using at | east one neasurenent fromthe magnetic field detector for
at | east one |ocation on the sputter target at the at |east one
predeterm ned position using the processor. 21. The nethod of claim 19,
further conprising retaining the sputter target for rotation with at |east
two idler wheels and at | east one drive wheel above a target table of the
automated stand. -20 22. The nethod of any one of clains 12 to 21,
configuring a processor in data communication with the automated stand to
nove one or both of the sputter target or the magnetic field detector. 21
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