X- RAY RADI ATI ON SOURCES W TH LOW NEUTRON EM SSI ONS FOR RADI ATI ON SCANNI NG
Field of the Invention [0001] X-ray radiation sources and, nore

parti cul avbyponooray radi ati on sources with | ow neutron egrast@es26104

radi ati on scanni ng of objects. Background of the Invention [0002] X-ray
radi ati on sources are commonly used jn radiation inspection systens for
non-destructive inspection of obj ectk. X-ray radiation may be generated in
such sources by the inpact of a beam of accel erated el ectrons on a high

at onmi ¢ NRPODRESHINGZPADIGOMERISTHGEVIAGNE THOANL ¥SENSIUBIEPARTICIEY Akpm  The

el ectrons are accel erated L}g ﬁ }g&{;tl al difference established across a
chanber, referred to as HHHSE @r OFrhe decel eration of the

i nci dent el ect rons by the niéi of the atons of the target material
generates radiation, ref er rebLP PIEHBINKEST N ung. Acollimtor is

provi depobn di TR nvemith RitanbR ONEKiAL Bl hadi @efi® Por@RéMicAMmQBLEEH to be

i nspected. and to formthe generated radiation into a beam of a desired size
and shab%hs iB%e or nore radi atl on detectors are provided to neasure
radiation transmtted through and/or_scattered fromthe object. The body of

the radiation source mapPA&ESROENDHRITHEINVENTPNer to prevent radiation

from esgg@m N9 thémicathe&hhfall 'pBl%Bﬁ%é‘ @IQP%YﬁrB&QQes sidivedihe | s al so provi ded
around the system as a whol obj ects, such as |uggage and

car r y- oftapepsuringraf ntlgrmlecarqngp d@mm tﬁé@rnbt}at ﬁlgﬁacaq oroseniiepnglpsonavafevol t range.
However I s thicker
than abiiERRILLER, [0GSRRSISh RS, ahERAR S Rlo-RERRHE BRERAR 61 %) 0 Wi th
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| east Whiedursilen Paf, fornBe @pbatdsof shbRqlicat IAyers.aCHIP i€ (oY &y plagdize bfoctksed t o refer
to all ty es of nt ai.ners_and co arably S|zed paIIets and ot her
such pl ¥ rawhﬁylnﬁp[?aﬁwﬁ FGIeEBh D ES f oosHYve0f HEP 2irRPEy it laiaPaliseh beans are

requi r e@ difapanes watee for i nf6&ed st eri al s than | ess dense materials
and through thicker materials than |l ess thick materials. The | ow energl es
used i nl000i caln atypisy GMIB gragessemmaliaig mounisA Bpside davaian araeics by €MPar e

general {oy). t@?bréeoﬁ‘é{sﬁé% tl&ed&%& @ﬁ&th% Wl Abwh g d Wd b gél g%& gepLont ai ners,
particularly those with wi dths or thicknesses of neters) or

nor e. Wﬁrm@ apthihe W@@Juareerata@d@bg‘gp thetpgating pplishing mda onHe %Btt@ihtss of the

Tty ERE RS Aol Lo ARRATAR (e SR A Bling Dol SRR eV e
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nggr Id'n§§<§ s§ fTﬁ ;b %ﬁ?%ﬁo%sp%altlléggﬁﬁ/c%ﬁc (mtaqx% aZch%&gafrt%gf g{é{ag}s%{haclrs ComTDnI y

as tungs um and nol ybdenum
conpri sdasmvabpmﬂomoif dmphmmmafmelayar@sharﬁramdhm'swcj mateninbthitglhgiscallyhe ener gy

required to re utr a_nucl eus. of at.om of the isotope) in a
range of"SHEH° g’nﬁ/B%tha sguer %@&%P&@Qﬁﬁf@caﬁ%ém&ffi(%&lgt ed neutron
pr oduct daaie difbstRa e irdsppbsite diteetichik,attichevads dm&sblafortthermsticatar palispimgf rom 6. 191
MeV to 8.415 MeV. The Ca,t‘?ﬁ ul at ed n utro.tl1l tp%roduckl g#hreshol for the

stabl e ?rgw%b%n%?awe%ér&ua qaglﬁc% atpRerossie LS g PA&AOR MSn pr oduct i on
t hr eshopdgshih@fablehe stabl e isotopes of rml ybdenum range from 7.369 MeV to

12. 667 MeV. Since 6 MV to 10 MeV is [ange to exam ne cargo
conveyaﬁ%% nedlishigs #adsrused ‘Fﬁf“%‘ﬁl“ﬁ'}f”’ifrhé‘ﬂ&;clmlnSh[r@Gg%ﬁes%éﬁr&use of their

abi | i t ymhQ.rahses lbslﬂg%ﬂ%ﬂadﬁelﬂigtcﬁpa@fma@é}falsomwh hRMide Q¥BmeRtRsfbgattdTber netal s
per unit volume, high Z nmetals, such as tungsten and | ead, are



also typically used to shield the target and collimte the radiati on beam
The stable isotopes of | ead have cal cul ated neutron production threshol ds
of from 6w@doAMdeyobo 8. 394 MeV. The generated X-ray radiperiuspoossedod o

exam ne the objects has an energy above the neutron production threshold of
the shielding material and colllnator neutrons will also be produced.

[ 0006] Since neutrons may be har nf ul 2 to peopl e proxi mate the scanning
system thicker shielding may be required to prevent the escape of neutrons
from t hebseR MRirBEbrelsHAR) RIulb R Iynid MABNHEH-Furé\G polienes SiaRfy 4@ system This
may increase the size and cost of the system Concrete walls are comonly
used t oSigkredithprnoplainradiviesi firig c%pt@ﬁlaaﬁ.pﬂlgm@%fl%wnpsme%mt?mw&

decr eas pfldestel Rot WBWH faBific BeMisHANR 027 olsimelamr&g%afedmmc%ﬁm gahe room |f
space or Ot her requirenments Erevent he use of concrete walls, then a

nul ti - | Bp83] nesmyhecﬁéteu%@d atfhay basp dirpAted towardp imaprovgamant of polishiyet hyl ene or
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| ead or steel Used 'as an-but er | ayer to shiel rays. The outer
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al so suppuations.aHoletves thur sugfeecagharatiadstiganf thy poltShmgs;olnsrcrg‘@ undgergo thasgaet ect or
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e radiatt on source conp Lo A tar un s en'’s dlng

Copper geclshaead, aqfollshm@mstem niala pcaﬂhlag mthoﬂ trat allwsrsa”pmmtrol qulueposes and

is |less ﬁ enm%%than tuﬁ@&te . INAngcg5 are available at 4 MgV, 6 MV,

10 Mev BHENEERGLchagsiisticsiitng (s PO PP e pes, copper-65, with a

cal cul aje@déneutrhemvprtiod pedvides sidhraamiistiok od, 8810 atdethaddTieepper - 63, with a

cal cul at ed neutron production threshqld of e in the 10 MV
BN R R R s R (e

neut r on ;BMARMEdsEftioh Y 8 hdledti proRdRElerdi® and tungsten, neutrons are
produced. The collimator conprises a conbination of tungsten and |ead,

which will al so gener aigRIBESUMMARYIOE THETOMBNTION el di ng wi | | generate
neutrons, as well, [0008] Efforts _have been nade to"raggpg neutron em ssion
i

from X- F9907ls oulbe BIveriion Froyides aipelishingnad sprprisngdeler IShipe Radeat ment .
See, fop, CE)%HB{agnet SRRt P AR sRdpbREd fheRMm, MRetemdne Bl efd Ropefiigel erat or s,

NRCP Report tional Council on Radiation Protection_and
Measur efihe 901133@8 ﬂi’é% arg altgpsd yhemip thgpreseger ¢an epripgymagpetic field aTh t o be

di ficulfefitn a?sglﬁ?cﬁu&elgﬁ B}i'éﬁﬁf'gr sy&fem 'ngﬁbﬁé?ﬁ?(apﬁ palteRd pae Eoda'ﬁ?sflr%l ) a photon rad

of radiation, 1In ce avallable 1 n existing sources It is noted
t hat ned@fptmrab@rnoshshlompmdbend l@d&l@é@ﬂ“ﬁ)ﬁe@ﬁwérpb‘iﬁﬁ@s dlﬁlmmdéhﬁrﬁéut rons in a
medi um f t it is

al so noté' gg;%{n fL: %l mo%%n‘gb e%esrogﬁlglpghgrhe e% %lt%ﬁ%gg?lﬁﬁmst?é e@éth- Pﬁ' and there
i s i nsubfyilied engnesipdick, arol (bhklea@l@wt&wgegtbfnagmt@ ﬁ?«éi:m@ttlpmd moxiplatet el y. (1d.)
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ener at & & P RpERed Mo e tbR R bR b ERoieyOtfiile FUEEEE | 000 e

target temprishigbesrovitpiagalishing padichmpfisngna dﬁfomaﬁlesjohsh@ngipasllbody awbpper is

ttached to t d t t f the b t

i o1 paleEts ARG M g MPB TeroRor SRRRst el Be pacsi ng.

§< hr 0U9hp%lﬁﬂm"glpa@5ﬂeﬁﬁe&@fggleﬁ in tiheredenagsitaanpplivd geignetk ﬁe][lte )((l@rdonmet}ngsour ce of
-ray radiation is believ a 0 ra tion may
be genetgelishing R VithGpeTrats: E‘S Bé]y%ﬁlmagwwtf%gp t8nl?ee lighies B s??‘ﬂ@it hr ough
the tungsiap weolling pdd rbRBvAGER] Rbdfate) theRBS belishiiy thd@ibsiis.ce s greater
than the neutron production threshold of the tungsten, neutrons may be
produced. Summary of the Invention [0010] In accordance with one enbodi nent
of the invention, a radiation source is disclosed conprising a housing and
an accel erati on chanber within the housing. The accel erati on chanber has a
peak accel eration energy greater than the neutron production threshold of
tantal um during use. A source of charged particles is supported by the
housing to emt charged particles into the accel erati on chanber. A target
i's supported by the housi ng downstream of the accel erati on chanber. | npact
of the target by the accel erated charged particles generates radiation. The
target consists



essentially of at |east one isotope having a neutron production threshold
greater than the peak accel eration energy. The peak accel eration energy my
be great eavotzhemoadwout 7.7 MeV, for exanple. In a source P@rtUs2@6peE k4

accel eration energy greater than the peak acceleration energy of tantalum
targets conprising tungsten, tantalu or nol ybdenum which include

i sotopes with neutron production thre3holds |ess than the peak accel eration
energy, neutrons are generated. [0011] In one exanple, if the peak

accel eration energy iBETABED DBSCRIPTRONDF THE 8NVEMTIOKe target is chosen
nsi stjng of at | east one i sot ope_of carbon, al um num

fromthe up
scandi un{&f’&t ani E‘HHV?}HWQ Qdes ARRbshngrd C%‘Bﬂaﬁlﬁg a defermablspekishingpagnot her

exanpl e, body einh@m@ﬁs’ﬁéal@%éﬁhﬁﬁ@ﬁdrﬁﬁ?es%éﬁyd #hreB ®ALSBH &Q@Pm@re’ﬁi’%ﬁeﬁﬁg | ess
t han or e the target is chosen fromthe group consi sting of

MeV,

at |east?© %p?l§g¥18|9%d #e alieradivhemnin tacRipwneeRt 20 aprlisd magnetierfigihehken T obal t
and coppgfa VgneJtla figlaqs %ﬂxe@f@ﬁﬂ@bﬁzshi‘n& Ech& tﬂ@ﬁberﬁi%ﬁechg %ﬂeﬂgalf;&gllﬁlsgt}{ve' S gr eat er
than 9 Me | ess than or equal P osen fromthe
group coR¥tigles Gegtabred ytithinghe @eféwbies@ﬂldp@ mi b@{inmem@mlseg bundituitedtanganese,
and coba | S greater
than 10 hl\/]rg\l}qagﬂ%[ﬁqgisd;&? ﬁ?ﬁ@%{&l\}g{;‘l tﬁe}@f&glr %? 8]98?11 % g&s lgér;])&f ?121%&% e group
consi sti Q@S@fth@mollls@agpadﬁ@yﬁ@dﬂfmpe(e@‘, espfmlddr gcmtlan!dnahmm mor | n anot her

exanpl e, rati ¢ ater .than.11 nd | ess than
about 1 Sdilﬁ R/%é@%) e t%}%&g{n@o@ﬁl 10 Harg&?t eg%gl}% Bglrls%lmg pgd S?IBPrés'Jngat material if
t he peakdelomsbimatishing mdehogy Tig podisising meMenﬁo@ tlhﬂs\bllo&@@l@ér tdhe

d | | | :
nausi g SR i PPy e U nT R RECa o hrohie G e Sedtele B Pec

| east onpoliseingpge havi ng a neutron production thr eshol d gr eat er than t he

peak acc at i ener, 0013 acco nce with other enhodi nents of

t he mveﬁkﬁ%n gﬂertﬁliﬁl %Hﬁ BRI ‘éhF Eﬁeg%@al Edemig %Wﬁ@“’ﬁnﬁ?)}gm ng and an

accel er afgptisd mhﬁamefrshMg pid oF thd@REBh MPadditioa teeselaiAth AR @IPRIe has a peak
t he | owest neutron, production t r eshol d of

I h
st ontieai NGRS ik G i By PrERaIG 8 FERTRE B ndn SHEBGR cd byt he

housi ng palsaﬂ%pacplbage@ecrh@@errﬁﬂ‘ﬁ{agﬁeticnmeﬁmve%%he%rﬂaafs L HeRATREEs tH T ar get
is supported ousi ng downstream of accel eration ¢hanber. The

peak acc@yé’taﬁtcyedhaté?%?rwqﬁﬁyorﬁ‘@’”éﬁeéhf dhe ammlied mpgnetiofieldt neutron production
threshol hoof) NMOTYNESRERDY s&&ﬁfv@lph'ﬂﬁblegéan%}nlprlse-m& Qﬁ@éarﬁ@@? lofdafticl ON_ener gy
may be great er than about 6. ‘% a col |l i mator
enbodi neparticles, i mixfre @flnprgam alm @ream@pqrwéesﬁ dmygemgc mpgrskieatitsensitive t ar get
mat eri al ) ng a

neut ron % %caﬁ]‘gﬂ?t regﬁ&l%rcfrgfgﬁg@é@gf %4’ peggggt%gftg’ﬁ\zlu onhenergy In
atar getfesrﬁﬁ,@ndiqag&mﬁwdlrmenteel alahgectur@th@bcoﬁ @g@m@oomntaso@mb)east a
portion Iis es at . | east one

i sot ope ﬁg%nlteﬁgall @%%ﬁive gglji}gleg E%fu[l?%%%%rdg& {}11 &Heg?r%% emvalhlgn n}c}]ude cak

accel er athpseridesmibedyin. “Mddd Dthaﬂm: ancbOngameMcﬂdmlar Mapeetdf editoes ladhaarahcages of the

Const st ELERAET R SpCRN R Romls B afe g8 BB estitcs on -

t hr eshol shpgrcomtvetors dmam/{atglnetsﬂaain &gzameélefoa\mmecmla&tmdsmnmﬁ” tdirsSIdhcaR.

Ther ef or int colli tor e col | onprise at
| east ongdUahRd %‘idr]:g%‘& %Wé Cg;geggﬁ{’l,lbg shegs, &Pblga Feé%@l? yﬁﬁ% i sot ope
havi ng aorganumﬁbtnr&gumpaam&sm@@twied fidheBé Bloup b@ﬂlsh oﬂ)eak accel eration
ener gy and at | east one second section conprisi ast one isotope

havi ng aY¥heweraaetprlenshet YiISn(Ehles %(tﬁraﬁ}"’élﬁﬁtéyle‘ﬁq}a #\f[ﬁé(%\adkané&é@ eration
energy. fullertR€arlyddrS@tichSdah ShielieP SorgprRe dloTR fies oft ARaticH @BtnditY §oditRd mMay

conprise at | éast one first section consisti n% essentially of at |east one

i sot ope Metodhef santhesip (e @n ViEEENR 20 A- 8t HQe KYACHCHPd a2 EROs ﬁ’é‘ﬁhq hee)peak

accel er Joh} enghay B hithedlrich A0ELREARNHSRULONIERIRE SRRl | east one
i sot opea[%)a%qngng neutro plrco uctiq'lo%e[f esholy(Sj&greatler Hrﬁyn t he peak

accel er drdatwend iresagye. ingtances it naly be dewirabla éucaabilie prididigs tibaxainglertieduced as
conpared to the use of prior art collimators and target shielding in

radi ati on sources. The collimtor and/or the target shielding may conprise
copper.



[ 0015] In accordance wth another enbodi nent, a radiation source is
di scl osed conprising a housing and an accel erator chanber within the
housi ng. wo 2béwm1mobodi nent, the accel erati on chanber hasTasp@slo20194
accel eration energy of |less than the | owest neutron production threshold of
copper. A source of charged particles is supported by the housing to emt
charged particles into the accel erat ot chanber and a target is supported by
t he housing, downstream of the accel erator chanber. Acollimtor is coupled
to the hawsovedhquispersitility ot héheraaegef the hagmatalsbRhitlicpdrtRics if@st partially
surroundl.ﬁatglrlq O%ﬁlr%(ea rtc shile dth arget. The target, the collimtor, and
the target shieldi n{? IE%%P?? INg B erny SpHablp eeating eandheaised providedtbnyy may be
| ess t hathe adnting dSesQoidastarinlly etarad fith ThQineak 1RGEhalALh o &Ly my be
| ess tha}{n or eﬂyaﬂ t 0..abqut q% I\/lfv. The peak accel eration energy ‘may be
gr eat er XRANS: EeihcRatnes Rtivdego ines qertingn sudhis eettibsicantprisinggst en,
ol ybde maoiguraliant aiia, polyetBaeeEbd an t] Qo ener y be
greater t}1han .abofﬁw G.gml\/e , 6.8 yﬂﬁ{)?& .%ﬁﬁg%sf%él%?lr em%ylr{ﬁ?nator may
conpri se YPFIFEY section consisti ng essentially of copper, proximate the
target, [aoR]a SERMRE:S { LS one, i sot ope having a
neut ron [pI’O(]ZIl_.ICti on _t_hrggﬁgflgbhﬁggg& %)idgn%g?E%mé)rzsg%}]}é%uétg})fgraajtof“gtri’fenergy,
downst r dwadneifcatineensitive pardeles. i T anmhet of aragedticslh sehdiivapaniyesoamarige a first
secti on koMt tid Wi ' 3 roximate the target and a second
section conpri Fst? gjglcngﬁﬁggjs@h@%g&ﬁ%gﬁg%gB%@F?Pﬁ“@ﬂ@ﬁf’?‘ﬁﬁdﬁ?agﬂﬁ&i on
t hr esholf§ld- daaeasingriha veouptefnagnetidatly atrisivive paeiclgywiltppicalBamtefse e first
secti on. rther..co i se .housing shielding to shield the
housi ng,de\Q/\_ﬁgtroé)i%r{&tF 8%3’2@# Jishigg g?‘f#&j’%w?%%@ghecwﬁ?@?@o 12 aepligdi el di ng nmay
sur r oundnagneticdiedt and, thereby, dmcrafe the@egrod 1ol winéiohe pR@ertiBeofitRE ?(ﬁfshiﬁé" g di ng.

i on,

[0017] | r e.w.th another enhodi nent of the inven radi ation
sour ce ia% agtlg%gl gﬁgée} ?Sm§stﬁ%%%} Oﬁﬂ%@ép (ﬁ@’ Henstliyp garticlepganerly hasthent i al |y of a

| ow at onpositeieffet. Tietigventile paizping @h@@n@bmkﬁﬁ.l ﬁrﬂ% citr_%%ré’ .g.,W%? ?hneut ron
accel eration energy o e

producti hr eshol d greater than the peak . |

sour ce. Ofﬁa%s?re@nma/g(?gwa 8fethﬁﬂaﬁ“eéﬁ61ﬂ}fﬁﬂs%m%§mucbﬁs 2hetYomvent i on, a
met hod oforegyere 3atwtvg off kiR ol B wk.$ SHnsdrb (%%?,C%O(%&W&jrﬁérgg%facﬁ{el erating charged
particles to. a}gpeak.accel ration energy greater than e [ owest neutron

pr oduct MBAPERP &S edertickist AVRipginthe sdyentivei nogjshitepadiveitl genhppserddi cl es with a

target GoMskkbi SIhessGRE LAY sYnstivedhricRashd ' ving a neutron
%ss P’ hannS tvﬁg plgaE’ acge cé)@?llg%ﬁ@‘évﬁeroéy‘%s’fﬁ met hod

production threshold

further a%ﬁln‘ﬁfr 1 98 sy ErRe rlQtHrpriessi cutsivabh drrless) efifles madnelisilignemitivehe char ged
particl pgtived h the target, w thout generating neutrons. The nethod may
further conprise collimting the generated radiation by a collimator

conpri sl&Plat Texmegnstenlly sensitpe phrielen garchane artyr mitalile oekapeipanictehr eshol d

gr eat er g; t : af i neray,. The,nmet hod may further conprise
shi el di Crlll;gljl}ﬂt@tﬁre %Sggﬁé%ﬁftﬁgtseﬁrﬁe%%?%ﬁ%farﬁ'tcgrqlaﬂet%o%E‘?rF g‘i th aéé’traaeeast one

i sot opedinastEg anumehst basis. Jiypidalty, ilermdgnetiatip kahsigive piréled NAB ah BRreak

accel er gt . T t ho further conprise shielding the housing

Wi th sh@f%?%lgﬁ%g%ﬁ 71 %’(F:fdggrrsp ?cg'iagg){l&} o) lesgsgr eﬁ?i’en})i“g‘cﬂr &se HeRAVEEER neutron

pr oduct pastirihiemtior of thy wagreticdllyaensitive pmgiales AGeRIraAKIHAR HRNSAMOF 0e peak

accel erat;i ener y be gre [ than_about 7.7 MeV, for exanple. [0019]

I'n a_ccptrgga{%?:’esu% atsﬂ)YSaﬁ%t*H%’rorg%‘g(gf B’e]nll‘moﬂq ﬁ? magneHlsPRivepagipies eon f or

exani nihge anycaitgde Sapy RYMARE shiteréh] £6lAGRLH sSIRPEILES, MUk, £q’i’éiﬂ1a%ﬁa§l;‘s sour ce

posi ti ongd to irradi.ate an object and a detector to receive radiation after

i nt er act’ ,quwefrpequg obj ect. The radiation source conprises a h_()usi ng and

an accebexdqt i orhecRasingsle SHIRAREHRA LY cfohﬁ,rikiﬁgﬁe ngiib‘au%‘g&gilﬁ% ation chanber
owest n

has a peak accel eration enerqy | ess "t han the eutron production
t hr eshdPHICEP cpbisadedn greaitehle materialmevidas\tbas it ablews therprepredibs of then

t hr eshglofsiide $adRPBd ffere - ' e | ess than about
9.9 l\/la?/{O fo.rg_ﬁexar’(rjp'l e. gﬁgﬁgreégﬁ&gcce el(?gst glﬁéaégg(?]é%%%%%p@?%g Seorf than 6.1
MevV, f dhe polishipg pad in thecabpanee of the magnptid fipklr (The kffsct bBarsappied meghetly t he housi ng
to emt charged particles into the accel eration chanber and a target is
supported by the housi ng downstream of the accel eration chanber. The target
consists essentially of at |east one isotope of copper. Qher isotopes of
other materials that will not generate neutrons at the peak accel eration
energy of the source, may be




i ncluded, without materially affecting the basic characteristics of the
target wth respect to neutron production. A collinmator is coupled to the
housi ng aw0 2b@wvmetooshi el di ng i s supported by the housi ngcTpmedoeabkdiys ar ound
the target. Either or both of the collimtor and the target shielding al so
conprises copper. The system may further conprise shielding material over
at least a portion of the housing, which al so conpri ses at | east one

i sot ope having a peak production threshold |ess than the peak accel eration

ener gy. ﬁ@léepﬂ@mpeaﬁhapfmdpbkilshﬁigmamKnﬁl],@ﬂéo&&[l&éﬁén@n&%% GReyance may

al so be.lﬂé@l‘féll%?ﬂre '(I)'nsglicar o?}gogveﬁ%{} e may be greater .thgn or equal to 5

feet thick. The carg Ib%?ﬂae ACR P peenseiralor el e gnaticpdly sowitivgance.  The

peak accmttinietpresantam eegylisiye 2@ aad tHe QASTotPRQM ?\9@1@(1 Jﬁ%%% '?lﬁ?ldpeak
7 V. 8 n

accel eraf i anp..ener ¢! at | east about 7. “accordance

wi th ano‘{k ngdmegﬁ%élg%/%i% Ogﬁ‘etpﬁ%w?lﬂ%ﬁ?‘il%ﬁ§eda”1ﬂ@?md upbn thapertiadibupadng a

radi at i cronSguraticd and ti ek PliGANR! | Si ng sel ecting for at |east one of a
target, @fs?lli tor, %nd target shielding (in other words, the target, the
col 1i rmat QPP andhgrnsrilethe deiganabisypalisking nad bady math sempprive ah shttoperihavi ng a

neut r on matelilGutIPn 4 e LehihEe S : l,eration.energy of the
source and assenbl i n%l t he s%hlljrce ia%tgﬁgﬁﬁgﬁ?ﬁé%glgfoé%?cgﬁln?{ﬁfr&?qdﬁl . The

met hod rRgFiOMsFS: AlyureBaRssi rabyalefinscalyegrbhuaissi pafyeiyleleationg nyiehs hatatal CONSi st i ng
essent i ahll Yyietidtudb8RSeyQ I p i neut r on producti ont hreshol d

| ess than the epleaLll< acoel elﬁﬁgtp F%ﬁltel(e%h g 38%%%8’%@&?8[3@}?@{) PHYINYESS e@sspi t h t he
sel ect ed‘“ﬁ?ﬁj&qlﬂ@ethmeéIthﬁrmgsmraolemiemhnes{@%Jhk&dﬁ@lyméﬁmg)d]%ewrt her conprise
prepari ng; (Mgl ign. fo adi ati on source to neet, at |east,
neut ronri!)grygscﬁ‘(;;’t%iOil)};r%t I{}Zaéééi %gs?%ﬁ §p Ogyﬁg’é'[eflfsn@c’ﬁog'éneﬁ?aé’ldibrlﬁ"l'ﬁépl?/mﬂé@’ﬁgn into a

si mul at ithpreof,ng mdxkurss andbiendsrihgpeadduct i on, and recei vi ng an out put of the

si mul at i | f ut .does . not et requirenments, the nethod may
further [@gg{)ri Sj‘g@%}?&&'is g “P‘H%“S&&tf‘gﬁeflaw% $hingppdiedy aefl ust ed desi gn

i nto thenagietichldt seositiveopapticdeli cah hneuhy eultaPle Qe intaulu NG HBLERLLGRY, f ur t her
conpri Sﬁggﬁfe?%aarhe gr{t rcg k[)rﬁ)l i m nad'ruélﬁgﬁsi gn based on size requirenents and/or
X-ray radiatio 3 St festerags g the polishanzrpd piqalipwilhbe £30a]000he t er m
"about " MRef @tk a$ 4009 H0F PEBE&Sn ASERIFOMPR seé-bo@MPgi. ST}%:}%HE}MP 4l
nmeasur enent caﬁaleltfée?; the term"at | east one of " neans "a one or nore
of the F81°GRE Ve 2 {8y siopagh Biodilnn gs mey baenradripteddr crptains t hat i sot opes
of ot henapphestink.alkus] thapoldhidg jA@bf GERRERAIR Qﬁﬁ&\fe%rb%rggp rltl(pcﬁlhg%gg giecel eration
ded; an(f the term™peak ac ?

ener gy the source, may be inclu eration

ener gy" VIEERESS Fedei GLMP2 2330 MPatsievesd Pyt 35BINRA, oDEBRIPR pd 330rMP4, t he

Dr awi ngsr dve® 281 MPh & 350 NiPa)@ THE i ronal . view of an exanpl e of
a radiation source in acc%)rdanggp%gﬁdgﬁpg%%gpﬁ%ﬁgp%q ‘P& i nventi on;

[ 0024] g§tgyminediageozding tathe Bietnsdirgparted indSTMOR790r oduct i on t hreshol ds f or

i sot ope yit h I r. a nunber of erials; [0025] Fig.

3is gnmgya{r_rpl Eﬁkﬁgdlgmng%’%‘%‘g{nﬁfﬂﬁﬁ%ﬁ%&nﬁﬁ?lﬁBOlés ‘“)%Praggg‘iﬁyaad’#ati on[ sour!:e ngt h

no neut Magnefivadlilgensitiya paitiolea codiasamyesuithtilé cannpreivady. MeRs cofprésiBilignvent i on;
0026] &i i e.of a li.ndric X-ray head for use in an X-ra

our oe, Btherdly @b PR Crlecty eSS o g it e 1 0097] Fi g, 5 |

a_cr osslosbista., dheathickpes ofthe polishingipatumier b BReXtoadyvdieRtbrinakbSlishfe [ 0028]

Fig. 6 ] tlﬁam%&lﬁg%%g §ro S-secti ?ngl th ew of the target. asse_any of Fig.

5; [00 PgessAnp Pag) stated 354 RETH0-o 4 Arefered method op detemnipisg thesi gn a sour ce

i n accoodpresebibityt of thapdlisking paba@dipiesst (o9 HettifnipPWRNELAR:s &5 [ 0030] Fig. 8

isafro nning system in accordance wth an

£ Vi
embodi rPé’ﬁfh“\é%l fﬂﬁ@{hoﬁkéﬁﬁ %rﬁsp(é@%dc@l {blawplyingtagvenleddde e d2 ERDGET ment s [ 0031]
| n accostpiae pilisking PO bR hRuRfo LoHEprbaRY dl@m%gflgmfdét%ﬂniﬁ@g%es’ such as

X-ray rFLdliFPati ofn sources, provide no neutron pro or reddced neutron
pr oduct!GFresseidhmpmnaesssdplishingipad P2} end () detewmiping dierppraeypi cal materi al s

for theompressibility according to the following relationship:

percent-compressibility (%) = [(D1-D2)/D1] x 100.



source, collimtor, and/or shielding by using materials with neutron
production threshol ds above the peak accel eration energy of the source. (As
ment i onedwelkoymoitver e, the term "peak accel erati on ener g¢'t/use@ws2010mxi muni
accel eration energy.) For exanple, an X-ray source with a peak accel eration
energy of |less than about 9.9 MV, conprising a copper target, a copper
collimator, and copper shielding of the target and housing, wll generate
no neutrons. Were it is not feasible to use only materials with neutron
product i &he compesshibilitisottib¢ polishing ppeads badereingihed WA BLhs t he source due

to size, | W and/or. cost copnstraints, neutron production may be reduced
by usi ngccﬁﬁ%ﬁ&&ll agvra ﬁ%l?q%mfs%‘l‘m %ﬁ @Cgr’ ggffl\@ﬁer g’éleiﬂiBr&éQPrﬂd}‘}émr@,faceyedproper

sel ect i oby BE. Amtee tica 5 thaabahiod ETiHARiARETAR TIQUKCAEAR fBYPe provided in
ence peakKk radiation

radi atiof,_sour. i, h peak accel eration _energies, an

ener gi es?on?pﬁes lﬁgﬁyrgﬁéeep@pﬁmgaﬁf uisti¢ logd of 3P apvglligeresalivther2’abouore13. 1 MeV.
[0032] Queh af 4% bemasly andves €9 of Hfo@éj('é.%i?%%ror%ré]%}‘weg%ﬁ,ro?%o%' Qi s that

t he physical s hi el di n% of 'the source and the scanhing system as

[ze of the di
a whol e,COmP_é?SE}b‘i ‘ﬁ'gw‘t“k?é“?ré_ TWitkiathei trgetof e-58%a suthrag 4384, en 0-B%y. be reduced.
Al 0, -t hoors] sk Tfe pasitiiabdaandlisiiE i AR Rk Re §ha Qlayhghi n the obj ect
under test and the scanni.ng room Dy neutron tap P 8%G &5 ns, may al so be
r educed. M§EE9%S1ly Jengitive narticles candiers analssitablearesitiense bResilbmde Issypiefiigr red t o
her ei n agcitel QRN b oS5 HIBIACK | Y B Z material s" because those
mat eri al smﬁavye\b at_om'e%onqnbggrlcslt%(aAggxké%?%lﬁ%?%g%p’?tﬁm?‘gg‘g hepereeithiat of
t ungst erfeorag gapacitypfagiolishigzparizpmptisead (2) ZetBD)iningnick thiokpdeslenuen (42), the
conmon TSI j : | rt,. er, for exanp| has an atom c
nunber or@ ilg{éﬂ}@laﬁ “gt?ilggté? rlr(%)allaga})&%d(e)(bllgw)fp@{g’g?i% en (Frgv 2§Ra(4t7om' c nunber

Z of 30 Rsh) todhpspoligipg prsi fontre inweas compress tey@iishing Sid @J%ﬁelztg@{iniﬂg pRrti ﬁul ar )
sno g{eater than the

appl i caty: t hej west, .neut.r oduct.ion thre ¢

peak act(;dé@glregbfo :fgl}]e Jéﬁl Eeés%/e%djfo 1pljas %agdﬁgé?é)sr@n?‘ﬂ?ﬁ thﬁa)oaﬁém@ﬁ§013ﬁh@ggenerat ed
3yf ]E hat pedtmtillavingtBOBslishing plilﬁ&)brblﬁﬁlﬂd f(ﬁléﬂéiréﬁdg@é, (?ld@te;hrﬂnfn & thRRkedes "
iffere : [ e .neutrons e generated by the shielding and collimator
nat er i aﬁgﬁ\%ﬁgﬂog%g dp ﬂlé&?régrpﬁggB%{) gng &) dptesyiniegy the PerRent-rehondgapaciowfZ mat eri al s
ar e apptiogolisitieg pad acbedipg 6f e FRBDwWIRAKlaAGREIEr ati on range for exam ni ng
cargo conveyances of from aBout 6 MV to 10 MeV, which is auseful range for
exam ni ng cargo convePETEEELouM; (¢n =ddw-BR)/Gcad K 10han 5 feet (1.524
met er s) AshiithkcomBeksibilityl e pbRENE¥EIRY 6 th¥bhb1fkh ) LiQfp 4 has the
| owest neutr.on g;{gduc??o,n pthrlTeshoI.d of gl}jl eﬁ’gﬁg%?@%td%%&d%t@. [ 0035]
Fig. 1 ¥ asngepbiquneriglyawilable sitpmeritswmchias the aforampitoned “Amesadi at i on
source 3r.”Skts MmoBSapplcaiohd Yt ib | r,. kpn accagrdance with an
enbodi nent rof t he parpgs?anto I nt\/le!rilc'?);ral?;!?]k.3 ﬁj%ﬁtggﬁ(glgsgglfg,pgéég% aghrl%l T k9]0 conprises a
housi ngrePewndrapaciy iytha absgaesctfen applisd nugeetiodield Zhws, Thepdiishiag pgi def i nes an

i nput  13Rf& t [:S. S ort i near. the
out put %30 %?y %ﬁggﬁ%gg{i rﬁ%&%gﬁép#ﬁ%qﬁéraéél? Caﬁlbo#@%%é %@éﬁé@eﬂ”ﬁgt"fgener ates
Br ensst PERIOLMGres sush as 6 of moreespors 85%er mopadf doyrsadoebgieakrd char ged

parti cl : 2 arget 140 preferably, consists essentially
of isot 5“’%8%‘4‘13?9%&1%@?’?) A ‘8&%3?'%%%8@%“@%%% %P‘éb{?&?( HitiEhledhol d | ess
t han t heomepelicatiansi on potential of the accel eration chanber 120. Copper nay

be used r e l.e.. An_electron gup_ 150 extends through the input 125.
The el ey ?@n gﬁ%@%ﬁ%ﬁ B%Cgcoglms1n§ﬁl%d{éf°f@6l?le Rplishineipad seds@dded in t he
accel er mbgneticatlp aerisiive j:&@icleé\cdmgtﬂehﬁyodﬁitétﬁ@hd@ne%@.q@irﬁﬁ%s& SanliEndGfE] €rati on

chanber_12 te an el ectrgﬁagnetic field within the acceleration

.t
chanber ﬁg}ggq &,‘égﬁ%rﬁﬁ‘bqﬁ i Singiagiuppgte doesxample. atcerdingin AGMBr-at ed by t he

fi]amer224066. Thuudgsiistar @ASTex ikkab dhbidh Site. RRARLESAIANY chamder 120
The accgl erat ed eltﬁé rons forman el ectron beam 170 that strikes the target

140 in 4 SueRil hore hardness ok the pelishiag peshindle absecontar applibé f orm of a
beam of magnegyfigl@dilabd SUD d718ss, SRE aHRHF b s,lJr%vEEP%’oﬁ&”l%'(ﬁ«ﬁer%i tfl n copper
wal I, for exanple. [0036; In"this exanple, the target shie di ng materi al
180 ci r urfeeigtion sapraperts the dardaess on éhet Shotps D 5ddle), tral willdbeevithin the escape of
X-ray radiation in a direction perpendicular to the el ectron beam Housing
shi el ding 182 may be provided around



t he housing 110, if needed. The need for housing shielding 182 may depend
on the accel erator design, the target shielding 180, and the required | evel
of attenuabi2eev/o0lfoot he accel erator uses a sol enoi d or ofrherustes/op@ps oW y
focuses the el ectron beamon the target 140, and/or required attenuation is
| ow, housi ng shielding may not be needed to shield stray electrons. If the
target shielding 180 extends sufficiéhtly behind the target, then the
housi ng shielding 182 nay not be needed to shield radiation emtted behind
t he tar gghee S31)50) fonbl accor dance
with this %ngganentggﬁggﬁggﬁgge%%{%ﬁm %Ppﬁﬁmgap%}?r%ﬁ§%ggpﬁgafarget

shi el di niggedsiths palishing nae ok tha dnvshiies e g cargizured fwithrasStend hardesOofdlOADT | se

i sot opes neut roduction

t hr eshol%ir(?{loe@?o% %@b@Agga Ozggg&l%éelr(g oﬁg\r{l%g(g‘g‘/‘?%ﬁ‘ev 28 88?18” “€v avoid the
gener at | @ ©90Adut rons by the shiel ding, although that is not required.

Copper e The t J di n nd t he housi ng
shi el di @M_’L(QZ gﬁe Ohh%%ﬁgr% epgﬂs“é teheéir‘?fg(l)(% gbl% g P& B%ffe??g pi eces of
mat er i aImagﬁhecaﬁhsﬁmsﬂlwcngarnalbecandies)romeedabychn&@ﬁtalhf&ynémod haagesien or di fferent.

[ 0037] I tar IS a end of the, housing 110. It
may be c%‘%ﬁ%ééta{ae g "ﬁg‘etagr 38#2%%?11?’8418?%63 251G, Guting, EariNRdURE i el di ng
182, f ormeldmgpihjectiohitdowraiokting co@pressig Balbiing watteingl BernslabinIBS o Passage 195
to aIIow pass 5. The passa is shaped to define the

di at
radi ati ot 55@53%1‘:‘?853“I‘Wteé@@@&ﬁ%a%ge‘&ihﬁﬂe ?heé’o HﬁbgipiﬁéHY is agirp-fsmed portion of

the col | golgaieds ho@9er ﬂne@@l@’ﬁl@ﬁﬁ%&fnUe%l’irféﬂ%szﬁtfac@orhﬂﬁ"tc?aﬂﬁhﬁiﬂl@xlneﬂﬁd avoi d the
generation of. neutrons, although that is also not required. Copper may be

used, f dRamQhBech arerowadn therg(ere. fPoexampje. Spskerodimdbeck of singl e piece of
nateri alp Sk PRE IREQCRSw YoRO c el di ng

mat eri al %{6 182 and the col Ilngtg%)gr Bﬂg%él}r?%yké}?éﬁﬁleo% ﬁ%&%ﬂ‘% | ocati ons on
the | i neiyuedar sambediormeggn sise byeantion b pisthase proprlpmdrs Muvh aStlB@yanateenm ty of

t he radi . [ di rection,
al ong t h(g%g)g(?h g Qt? Etrltd%cei 1%%?&55&?6 ?etpb gg&%g}tlt? S%F%%Q%[i%%ﬁ?ﬁgg ﬁ i‘%%{? arget 140.
The i nt eeastivymdist Sadelde acsahate-agaglie moietinstitrdudgaindnes ud p@ls@ls Foline

col l'i mat t eldin al 180,
102, ThAOURIDT o e R aierRE BHEtobuthy il G SRS o oser
to the axilsor amiitgreofigyem andlclbb'f&i callg, alsmhmﬂbeutsedtﬁafcgmque}szmr thsuggmde of an
appropri er| th an ron praduction, threshol d above the
peak accfgefle}'3 ‘lﬂ? :ngr% ag:neerscrlbe &%%"t%‘&%@&?e '?‘ﬁgR@ﬂF%rPEﬁsﬁé’hi@dn"ﬁ%@ and t he

col i matmceésQQmmﬁedorl’mﬁﬁodaEd@Smthlﬁ& I&Sc;e‘sd;leﬁtl pesufiddgat inj&etion plogdys.Z mat eri al
becauseﬁegut@gn%neleg not . be shi el OOSQL The different conmponents of
the sourc@otBY HapolEhingPrdsargpiofuse Hfm fueelbprocesg-gfa RS 22% nat ur al
copper tigie@h plotess. @ natural copper shiel ding 180a, 180b, and a natural

iron col r,190 used. i n n X-ray source 100 operatl ng at a peak
ener gy Ié@g? él?]iletpﬂlésrﬁaﬁéﬁaﬁﬁﬂ‘fg%@t?@ & ROHShipg RAvefycppPisingths7 of 7. 646 MeV.
[ 0040] Aldgﬁé’ﬁc@l}"ﬁhﬁfﬂ/@éartr@éé daRvigvetin{ k@raBRIshafea By BichIBO HRRBBsHM S &dd' fferent

neutron production thresholds. The isotopic conposition of the |ow Z

mat er i alnd AeiPigabledolighing paddwdy ik haye rﬂ@oﬁhwf adeltecdisany aatbpp@iquat e

mat er i alsgjid @hpd d@% tré’d‘cﬁl%ﬁlallﬁ@id) &Jﬁﬁﬁfs E@\go iln%gd wrBhes ﬁ'mdﬁg#ohpﬁtd% rl90 to
achi eve a desired reduction of elimhatfon of neutrtons avoi

neut r on “feedaed prapr mdseedggsydtces dnthe philimetei efghel@dishing padhand ctfﬂrmab?atl ng

mat eri al,§;;, o t hreshol d
forall |psot g‘%@g’agﬁ ee\ggénﬁ%eﬂheiaﬁk E%Eét}lgmg“?%% e é’?‘%@g%ﬁ%fr&‘pam ation source.
| n one dxianmibds palighing adtd lgpdactbclp<DhShglg(paqbgeirde(ﬁcarmpb1b$)ek§shﬁ&rﬂaa%)d)}fwdbpper 63,
whi ch h t| on threshold of 10.852 MeV, and

30. 83% @?VC%“%O?@%& %ﬁﬁ%g&s]atﬁo@] &P at ed neutron production threshol d of
9.910 M{a(mzz]\lat UmahiagnmmlmsenngveQﬂnWS arsgentialty éf&mbetebm ths entedial &f t ar get
140, shiel di.n 80,..182, || i mator 190 erla ources operating
at a peén? ‘gtoé'gfllé? B?If%wgé’ﬁ%Bw ‘EP%\%B g’r@i‘ﬁtl% 5@? glsﬁ i ¢ oduct i on.
| sot opi @RkheticpIlir RnsdwRitidkS caabe él&ctbﬂ@ﬂa@ssuﬁaﬁl@ﬁlgﬁier 1Aé exsmiple) e ng 180,

182, and collimator 190 material for sources operating at a peak

accel eration energy bel ow 10.852 MeV. [0041] In another exanple, naturally
occurring iron conprises 91.75%iron- 56, having a cal cul ated neutron
production threshold of 11.197 MeV, 5.85%iron-54, having a cal cul ated
neutron production threshold of 13.37 MV, 2.12%iron-57,



havi ng a cal cul ated neutron production threshold of 7.646 MeV, and 0.28%
iron-58, having a cal cul ated neutron production threshold of 10.044 MV.
Hence, i fwoabawmhiogoccurring iron is used as a target 1401/bicsloching 180,
182, and collimator 190, an X-ray source operating at a peak acceleration
energy of less than 7.646 MeV will nof generate neutrons. Isotopically pure
iron shielding consisting of only i rdh-56 coul d be used as a target 140,

shi el ding 180a, 180b, and collimator 190 in X-ray sources 100 operating at
peak acceigeticallpensiiee gareslesl pantbe cbibih8d with YhewhdrbrH br B8 REHARAYY Nneutrons.
[0042] | oh%lﬁn?@&d‘%ﬁ: t hat fb g iron t%}{ et is used in an X-ray source
operating up JEXRELE blending pe 1o he gateyialipighe desirabshare. t he t ar get

140, shil@028]ng "ﬂl&()nagh8ﬂcall§lldmsﬁi% barﬂalteg)&anla%lsmteq lﬂﬁ{é%a@érﬁal Qﬁ?{% rons.
Ther ef or &, | ess than 10.044 MeV, a naturally occurring

K
iron tar geq[“%%l!ﬁ pgl?ﬁf"@lepgghggyl nly fprovigs g upidprn d‘fﬁtlbﬂloﬂwm&mﬂwalm ovide a

si gni fi camditive plaﬂiillb@&ﬁ' tiRgyRUA be QiktriBEd IO LRI hRRner2E Ice%ﬁ to the use
of tungsten uld not elimnate it. If sone anmount

gener at i ' 01" %?H%ee“ts‘(t)‘f"%?%t’f‘%las ca pe CPReERiraiRsd in e partigelnethivkies of the deS| r ed than if
t ungst enieforamlabsEhindPhy BSBN LT, 29K a be chosen that
provi de c grtal nbl sotng@es %g'\r;l ng aﬁgu%r?g%ﬁé d%?lflﬂgensn%tthe d%ﬁod?%gl bel ow t he

peak endPgshngpPady %%ﬂé@erﬂfdh@btcmsnoﬁ tb@d@fplwbh@l)ilsigng’]}ﬂdtb’odﬁ Phicoduct i on

t hr eshol aha For e in a source
havi ng artl%%gak g%%%?é?ﬁﬁﬂ%érg%o 8 ?ér@glg%ﬁ%%\??mteh% e Elﬁgtﬁ??é fiogthéi al's may
be used ¥i§pef fqﬁ@op@fg@tdefpmgabl@ D@ISbﬂngehdjbcmg 8P as &B2 neanfid fehiRe@Pbi themt or 190:
magnesi Yot a%e ?Jhs}i‘fﬂ S!)rcoser %neﬁré{m 24 aV| Q%s a cal cul ated

neut ron product ttoéln Bithhi ch consists of
i ron-57 n‘r@awtngllbaseoatlmmamw amebe dmbpﬂmdwetdcea aieb§ @t&ﬂ@bals%fg pab46 MeV),

ni ckel nsi sts of. 61 havi ng a cal cul ated neutron

pr oductl on t ?11\9‘?%1 H?aq SR pyrtic ﬁarei#‘ﬁﬁréb%%l 18 Heprofishipg ead ieansi st s of

zi nc- 67 ntmamrnigit eedoers ¢hel @Igedffmdﬁrtrtglponﬂﬁﬁg{@tgl Qetubey BSRAIAPbr the Ofchs VB
leferegta | s..fraom used for t he target 14(5.)

erj
shi el di ng ?L%%)trat Z{mhgh%tat erE‘HthF ?Fg’t‘gﬁg’ﬁfg@“@lféwﬁa@ductl ons coul d al so be
advant aff®dfs i I’thardﬁmﬁhﬂt@irln@Fih@lll-hﬁ@érhﬂﬂ&melsme%%h&ﬂ:aﬁf%'m?ﬁgﬁ @eﬁay be

reduced for %%(@ﬂ%{ E‘ | n _anot her exanpl e a’ con on that
will o r e iTPHiGt in disting carsentated pipaseprepy be Hisibrtsd éloneapmtcnntmtmductl on,
certai ngmmemo FRAEBmpHd) @fe Iﬁeﬁgnétlﬂﬁl@ #nGi&le dteled QR bﬁé%@lltﬁt hlgi%\éti be an

appropriate |qw Z gﬁterl al , one or nore conpone such as the
col | i matYFerfgHon gifle pesimgisr 0§H1¢é‘?f§’rfn@91quhlaemd)bodb'h’ethtmctwreasgng hi el di ng 182
may  Conpdnc&frabifbtadi ﬂﬁ&@éﬂd@{h% ons h as tungsten,
tant al um or Iaeadgaf gr exan'ﬁ ah%{emo ?8’28& g%ﬁa &aé:tth? c%celﬁrélﬁan or ot her
such nabdhg I&E@Shﬁﬁ%eﬁ%ﬂ?f dpadand decreasingrtangirdt the axigefetasibnoTher shi el di ng,
and maygdaglek oF %p,eeqe nent ar f certain
conponent s%lt?co rrgrg!tﬁ@rﬁ)tg? or nﬁ%@%sh%ﬁ%&@%g@éheﬁgp Is%%téth? Badf%w h&%ource, for
exanpl eexa&lﬁledt?%mi@éQInSblefllmnet‘Etpertxefes can be hig}&aem) e e avd dd&re@ﬂpt her

enbodi neutro duction is reduced by use of an
appr opr e ceel LR B yich s PRUBERSHE' B8 Porsderat GCeameny al |
conponeprticlesagn anﬂeasmoﬁdberemermi oﬁdm@&bmo M&%démrh aMiéQt‘é‘nUm or

l ead fo 0 eof t opi purifie Z atom
nat er i a(ffn]iagﬁ&lcg fe?r¥nPe‘ “1 E)ar{lgﬁf’ CHt WBOH @gmag}?d}oéﬁ hipgpad; hedy 6%“ 0 may

al so delmea!aseomﬂmmrj m nat e neutron gener ation, and provide sone or all of
t he be&%ié:ls OIL t he '31\?1' ‘ﬁ g material. For exanple, isotopically
pure t 8%y st ‘étloﬁ Ogglleé’%ﬁgaﬁt@a“)n%eﬂWWW@@ﬁmtfheon t hreshol d of

8. 064 l\&f()rmﬁlﬁélp&@hm%%dd bﬁuﬁaﬁwa&%mlaﬁweag anﬁﬁf?tkblé ﬂwr%ﬂ &Qmﬁi%ergy less
t han 8. V, vvlthoutgproducm neutrons | sot op

mol ybdé ?‘FF 0 PrapRrties of dliffeens s ercsises efra@gn@hcaélmemgngfpamc@?aanl\kev can be
used i nisd t@@btélﬂ%h@&Ydeﬂ@at%n%%k%n%qgﬁte%ﬁérla?gftﬁggéfg a!b?e oélﬂ@@ % 677 MV,

wi t hout produci ng neutrons tures ropri a atdhat are above
the pedkoniodaimatiani dlsocthe defornenhie MSMB@pﬂd tzwgy\mi be. foﬁmd uemgrmtes ora mi xture
of nol ybdenum 96 and nol ybdenum 94 can be used in a source having a peak
accel eration energy |less than 8.064 MeV w thout producing neutrons.



[0045] Wile typically a netal, the target 140, shielding 180, 182, and/or
the collimtor 190 may be a non-netal, such as carbon. One stabl e isotope
of carbomnyoan®bmni®8, which has an abundance of only 1. 1pt%usb@s/o20194

cal cul ated neutron production threshold of 8. 071 MeV. The other stable

i sot ope of carbon, carbon-12, which has an abundance of 98.89% has a

cal cul at ed neutron production threshdl d of 18.721 MeV. A source with a peak
accel eration energy of |less than 8.071 MeV woul d generate no neutrons,

whi | e i reeetionsbaving cbffamntdong:naatica@@ma@;eaaallya&@iﬂv%%artm@.“AilténZtﬁél only 1.1
1% of tr}ga%%?ﬁb?ﬁ}r;us ilgec%{.aon- 1?6) \Nﬁu‘JQg generate neutrons. Pre etyélbly, a
stabl e form of tarpon PE UEEH" EGER d{j‘f‘%’g‘ﬁis‘ﬂréacépf@jﬁ&mgdmplqliﬁmgped<arrp| e.
[0046] A8 aisssuktstepatiom dfgeaditi, foll Ged s el (R AGHAIMheldBf bl d for every
i sotope af..a netal # ng@:fﬁ)di ng |l ow atom c nunber netals, can be cal cul ated
accor di g T o &8 OPdY fodti @Vt@g‘ﬂ?ﬁ“&?""*ﬁ%@ﬁ@‘?a&lalqmv)on:ﬂf(plm“e,Excess (Z,
A-1) + Newtpocate fiapartiEds 88She maMrps GK&ESShd K 0 lin, the equation
above, A IS .ﬂn .aton%:? nugber .of an atomo &dgrﬁorg?lee%lﬁ%?%knidgwg’u 5s nunmber
(sum of °f REUHERBLhe dsforpiapie prlishitepad bady wilkhe rerdilyapearanttothotchd el enent ; ( Z,
A) is anrdindrgidiidin theettope of an atom of the el ement (before it |oses a
neut ron @032 ? rﬁiul t of interacting wwth an X-ray radiation); and (Z, A-l)
is a mad@28 ardhepelishie rad pEtha invieniipni csn boprnfighretl hea aipgrmit a aftiped. | 0SS of

one neut R8s SN EXSESS o P 3 ui.yal ent ener of the nass of
t he resul_ti%ygwgo?%ge, a?ssg§S%§a¢%ldk?lgbglgsrlqgj%r?ﬁg‘,a?ewa@%“'ha%\és PESs excess of
0 Mev. THE thsurfrerplMessbsatakeing mlished o ibtsathic tepepeal cotrriSesQpblideMg  Whi ch s
t he eneg@yacof T Idf en the n on mass of a particul ar

i sot ope and t he&ﬁgedtdr%gé@rgsg@d%ﬁ b ﬁ@rs %&ﬁ%&e}fmﬁahcoggg‘g asptopppdethe The Mass
Excess pgishiag prdofitheinyenrionds gpicalinesedin ohjuhbttnnmgss &6E4E AR A&y ni ti al

| sot opey, MRSS sl f ) ess be used to determ ne the threshold
as wel | ?Nhas i ghlﬁ%\%ﬁ&oﬁ P ?@I/Zﬁear?&é}%[’%wgﬂ%%}fdme@?a‘hﬁl%Q‘Cftllb{éJSWe‘!]t ron production
t hr eshotehjietiomwignesibpad.24 is cal cul ated as fol |l ows. Magnesium 24 is an
ori gi nalyahs0t ope. Whi ch fter interactjon with a beamof X-ray photons,
enits oLoghﬂeut ?@enmg?{ﬁmgé@fiﬁ%@%ﬁﬁ%@?ﬂﬁb‘?@?a%CQ“@gW@ phytopged Bpe. The mass
excess (dibinktib) with anabpaesivhureia 3itker Br YR VB pali Sr %%%%&'cén%é)gﬁﬁ’i%é @E mass

'S e

excess g.o.l 1I\/Ie%%..The ,rrfass excess (Z, A) of mag sl um n

subt r ac’8 e@‘-’ai’é.s Hivgpapticles b ageordanse weth thingsppnt ofithe tiventiamhthestopad of  16. 531

MeV, asamsiobyad el Bprotid&d By @rieN: dyds &%Jsiﬂ\é?e\{%]ol imdr st t%ﬁ%y Q’e‘fp\a{%ate: 16.531 MeV.
Z, A s oWt ‘the” pro

[ 0049] Lqrrﬁe ﬁl%ggativ,e mass excesses (Z, A ha ohs and
neut r on YT gherliasggiatagior handed desethes Whenthe joptped aud $ubgat dre proviiad anount  of
ext er nap QY pexEeLHeBe, thd'R negat i TASS excess i s
necessar}?etpag_rgnlgye or?e nteut P gﬁégélg%&tsﬁgét%ﬁ%%ﬁé&&%m%tsh%#g%n?@& t he

neut r orP'hABeRiRiEd Bithauh thesopichnaidhesivede.gi witheut ai sdroging aihesivd [BjerUM ener gy a
phot on meegdsndi® thay i from.a nucl.eus of _that, isotope.

[ 0050] Cal pul%t ed n%g%fsbhﬁgep#ggﬁ%a ?%E{%Egghog?egiyf%eﬁél% UERSEHE of sever al
nat er i avddiggethsummihending) radintivadabtivated bordingylantinatiabbcobxingRAE abundances may

not add 00% ff. errors undance information i s not

pr ovi de}(\jﬁe?%a%@%ﬁsﬂtlgg)ﬁgag%%(f%gg%d?caﬁgﬁPrroéﬁlrﬁie?)l’g\g‘ggﬁnbﬁy"trﬁP’éléq‘iféI°€I§ singg i sot opes

of el ermohter shenaigifog infstaoen, beingleHlayempdlomeir shadt UsA BRYD é@t@@FxfoQééE‘%ai” Neut ron
i Counci | on

Cont am L \ Medi.cal . El ectr Acce| er.at or s, ti ona

Radi at ia?;‘%% B%P&%%ﬂ%ﬁ’p%ﬁs RADS OF h%tglr‘i]‘ic S,Ofg § Haslerlpyennplymersheet . 18- 23
(1995) provideraswotisyer polpmeedhest wherbi 0ds laySQRAEALS BEBREE FhEfc bihaP! ©

| POLI SHI.NG PAD | S| I\F MAGNETI CALLY SENSI Tl VE P I CLES AND METHOD FOR
THE USEDPHIERESRS 1BF Biigatrrorqeam lRelypgOtEet TR Be selsetimely Gramsdrt ai ns to a

pol i shisndh thegodobiag isiifrddsedduhtoloRs D 81hE pbiyMECHat GaliiMoh hshb e, BACKGROUND
OF THE I{\IVEI\%O} 0002 Chenjoc_al -rrechan?écgl po%&%@%@ﬂ?&éﬁgb)@/& ocesses are
used i MOYRET PERHIF-Be PUR-1)EF RofislHg pasie having aopfireusdexer thesisttadhed tod | at  sur f aces

on semiselaigyts wWathoWakeiss of an adhesive. One of the layers provides the top pad, and the

other provides the subpad. One or both layers of the polishing pad can comprise the



integrated circuits, field em ssion displays, and many ot her

m croel ectroni c substrates. For exanple, the manufacture of sem conductor
devi ces gwoen@doy7oonvol ves the formation of various proeesashayormos

sel ective renoval or patterning of portions of those |ayers, and deposition
of yet additional process |ayers above the surface of a sem conducting
substrate to forman integrated circé?t. The process |ayers can include, by
way of exanple, insulation layers, gate oxide |ayers, conductive |ayers,

and | ayemagneficalip baisitioe pgticles , A&bofding th ahP oGO AL Ebfnfféﬁﬁtl()ﬁ’@tﬂ% shifpager tain
steps of, therﬁﬁoces%F%Fat t he uppernost surface of rocess ayers be

pl anar, 'f P&y BoY "t‘H@O%Bﬁlc?m%snéﬁthgG’B@@é}&@h‘tsen%‘i}"@rmmw is used to
pl anar i Z[@038] oc eWse aylﬁgﬁre&\/aﬁé %blbaa/s%a@éérﬁtﬁﬁ’atféﬁt&r hglone ?}é&i‘ @Sniflg cONduct i ve

or insul ati i s, polished to planarize Ror s%bsequent

process Refd %pOIFE’GSBTd q’fﬁh%mﬁ’?ﬁloéaﬁn OxPermoBpEssa p(élShuag eurfics. Wunt ed upsi de
down on mRIisAhd dufacd & rri t he waf er
downwar tlovvagr 2 onl%g EM%I&GQ%? S%ﬁfeé?%:% errf?azrﬁﬂgeﬁafe{&ﬁer%& ng té’ql? ot at ed
above t H#r a@tqifherdg ablgnolnf@m;g@ad bedyt bisit @uPdetponiided byal suﬁhaemjtlteabl e. A

pol i shi ¢ r olish slurr enerally is
i nt rodugg&@%%gﬁh?l%gggﬁ V%e% tf]?gorl%sglhlgglfr acQ PeY %?%i%g’yﬁoﬁepasrﬁ%ﬂ?% ®bad duri ng
t he pol iofimategiah itcee bsadhFied opwleldsmtorvgsudamnfshetdeﬁnmhlylpIpsladhimg ROBbAI NS a

chem cal S th, or di portions .of the uppernost wafer
| ayer ( s)by agggla{r?gfggéegiquvseu%rm?ng “p(fs?xgs PB&FTW“}I‘%&TJBWE h681$ {%°Bns of the
| ayer ( s)typeThterlowkirgrfalaing, \tabmmmohagﬁmmrcbﬁda@c&@ aHﬂ&sfv@E&hS@nﬁQaﬁdﬂ@peﬁ ane
directi Qo |,, eﬂFpOSI te directions, i chever is desirable for the

particul ar p T PERERIcals; hegh eod/on RierSBEor osEVations msthogan al so

osci | | aﬂéypaem}Qas 1rttehme¢natle|bamlﬁglap@du@fhsta@@ly@ﬁhkrleﬁétbr@ﬂxth@l@ale €im[0004] Pol i shing
pads used in hem i cal polishi ngngrocesses are manufactured using

Dot Sofioparta SRE BOCHEdRy<a pad O SO HAF GaGeuration of the polishing

pol yner pamtﬁanﬁaﬁfdma{ |o§ﬁonaﬂ31QfeQi§&f1ﬂ‘é§nﬁlhdtl'3§ with@lshbpar pol ymer foans,
non- por?ﬁ%s’go mer sheets, and sintered ther nopl astic particles. A pad
[

contain bethes proxiied Péelswqu%ﬁf@@ﬁaﬁoeaahlmqilsbmg@a aglyeer byen- woven
fabric isgpatdid M$droRtiadeBiaOfhedoRHiN B fade TRk € pad.
[ 0005] Dipspl te%rhe gttgnt |e%g tla%gtf1 gs bee%{}@l&sr%gg §lB{abfénpa(?écfla%m’&’:;lagverrent of
pol i shi RBE praBare PhanyeNithe nofengss priewiah sy identifiedarith rbypctctaithe:;defqrmelde el enents in
the C'\/Ppgﬁsq’lﬁl%ﬁﬁd bddiat h'e%hté?ﬁ?@dnauegﬂ daftldla Pgrcﬁﬁge nig ?Ctttﬁd and pl aced
into use, thé'p S|ca aracteristics o ol'l's |ng a fiot be
altered da@rm&b@ mqlnléhlcg)m@@dmf Typieatiycthe pnmhhgrsuxfade cpmbnsdmamgmppmnat i ons.
However g/ g face characteristics of the polishing substrate undergo
changes a the surface is polished and approaches planarity. Consequently,
there r §080hs Thepdihingsudacechi ﬁdnuhag:op@dse gomkicﬁkﬂmg sydedrem and a
pol i shi for,.contro t he polishin a
char act g%lfos |°(1:1§’Wu:]]?ttﬁﬁl?{ahe“f)@ﬁr%lh’iaﬂﬁ’ogé’e g °°¥6®%§6‘1ﬂﬁ%@£ﬁtﬂ%enu on
pr ovi desurfae bf the palishinipad) Pt gravysd, elliﬁnnaﬁld)r pEfdatbns aLsEinaAnd siptaber

of the inventi s wel | ignal inventive features, wll

advant a 0 ddi

be appagagtf‘?fn P9 5A1 pave aa%éleﬁa%ﬁ%ath agd Wi f}rﬁmﬁfﬁhl%% {6 @ VhRYarn. BRI EF
SUMVARY moFe ditfErent\ivEdNE b@émﬁsp QQ:K]as IB@nblHa/tﬁ)'ﬁtdf%ge%rQWeg 88d SndI0kbSRERY pad
conpri si n a debs%mabl e poalishing pad body and nagnetically sensitive

particl ese tibed i P fatepieh Hi9r3 3 wiHgsraplps SRt gropee atterpe inclugde slated he

pol i shi %@OM%O@E@IB‘% gr66R8 sphan: bi'FCLHei}PgrcR)rv@ss QIQFXY(M‘OSQI%I gﬁ&érﬂg wiRgnetic
field. The invention al so provi des a polishing system conpri’si ng (a) a

pol i shi #/} bﬁ&ﬂﬂ%ﬁbﬂrwmowrwwmﬁameetnpm PQfﬂh@%ﬁh@ipfﬂwljmgamﬂacnagnet ically
sensiti c\!&npﬁﬁéstdt@éaﬁ%nﬂllgw OVCEQ& 8%/ 5’ran AR BRGNS ARG, Properties of

t he pO|IShIn ga are ter en presence o0 Tan applled nmagneti c
field, H83L(b) %pﬁthHSElaﬁcecmheeﬁfgtOﬁnmgameallycseﬁmmhdaanuﬂnsx orcmned pr oxi mat e
to the es a t hod pollshlng
a subst érbgl}fdeégon%l eﬂ@ﬁla/ SI%%;JGS’%g\{}?ea%n%nyéﬁ%{)h?? 4 ?url?g DR OREHg A aﬁ'

def or madibtebyiiniof Iniaggetioally deositiveradticiadm thicipohdhiing saefc dah be c@ﬁ‘rghtealues

di spersed therein, wherein one or nore properties of the polishing pad are
altered when in the presence of an applied magnetic field, (b) contacting
the polishing pad with a substrate, (c) applying a magnetic field to the
pol i shing pad, and (d) noving the polishing pad relative to the substrate,
t her eby polishing the substrate. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

[ 0008] The invention provides a polishing pad conprising a deformble
pol i shing pad body and magnetically sensitive particles dispersed therein,
wherein one or nore properties of the polishing pad are altered when in the
presence of an applied magnetic field. Wen a




magnetic field is applied to the polishing pad of the invention, the
magnetically sensitive particles contained within the deformabl e polishing
pad body woeosmpuwiosed by or attracted to the magnetic fipelrdisaondoenest a
force upon the deformabl e polishing pad body. This force causes the
pol i shing pad body to deform(e.g., expand or contract in one or nore

di mensi ons), which alters one or nnré properties of the polishing pad
conprising the deformable polishing pad body. The polishing pad of the

i n\éegtl dhe santeusannat provisusty desaﬂbeﬂmlﬁlusipf@é’mcllg\etd@f%rrﬁéﬁ?@ﬁélfshﬁg of vddye I[OOI i s]h| ng
pa uri a efic fie to the polishi g pad. [0009

The ter Iﬂgzgp’)l‘% ﬁlp Q%Shrf%gpﬁé ‘g) ‘?P%? g @ inyentige.dhe spupaitigtion andedisgribusioa ofimgnet i ¢
fiel d appdgneticatlp sdnbizivp phrtisles inghdRtiskihg slidicé Eﬁﬁ%tthé)ﬁ er}l[s gﬁjﬁji'f e}egpfré 9 any

nat ur al tic e earth's magnetic
present g%%?ﬁ“sdBE?P{‘?ebdﬁPélPhﬁsea‘ww in which the polishing pad is used The

term " nmg6es] | CaWth he p&h%ln‘g%uﬂﬁkfcbﬁbﬁﬁs ma 19513%9%\% pq}rtlc CF%];Ttglgr;f]e: locap?/el d

particle th%ﬁ 6}1 F}acte or repul se

[0010] TPRECHS 8Irdrsies hy)pogtgqi-,@mre\@gt %m@ﬁ“@leeﬂlabmomgﬁmqseredurmgr gani c

parti cl eslisiigfedth ScriXhih BeQfrfacRl e ni ¢ and qrganic
particles. | nor anlrc nlaéngt|le%cgIo§a’§g]rl13§?r?{evé%grnaweﬁglse Mpeue ¥ known in the
art, and®ISHEERaECcksnwd in g prlishing sBefagreaf be mladeeqf aNhatdite] Gat fvﬂrlﬁdtt e, SnCo , Sm
Co] 7 I ls88tch HeQ8Haced?d h ani .or netal - anl C)

magnetl cal Icy sensitive S%asﬁ%#gﬁﬁgbgg%? &l sugh fis 2‘81&8&8 H%‘e‘e\ibf ?rﬁa‘ﬂlﬁ present

i nventi @rganwpml@St Mﬁl@&lﬁﬂ@@mﬂ typelofi nvn-abhfsab péxiglan abraand ohgaibrasidd! ecul ar

Magnet s rh| Royal . Soci ety of

Cheni st rmri/u,S{e%I&e %é@g%q 14 egﬁlc ﬁﬂéfgf“ﬁ e gglished o hlfuct or s and
Magnet smaEMmlBywnhem mmaksmllemdaay bEb@tﬁdnedillrﬁﬁe polRfin %%@ segliggne CQuahab
and Edu Kl ywer Aca ers, 2004 Preferably, the
or gani c‘a—%? dXﬂ?ﬂ{;H? §ég¢d§e{§ﬂ chélf'rt&}CSP GQPléslﬁg’@Ipéig'ér&’gfﬁoéﬁhlt%eHW@@b theonsi st i ng

of V[t emaawmﬂbeﬂﬁmmwmhicle&caﬂ/b@dsm&m i po@%ﬁlhgbé@s%m‘a%gyhc?”e) 2,
KV[ Cr ( of which can further conprise

o(iSrL o Su ul Ie ene a
nol ecul ? t5 Bfﬁcedgﬁ Ry° %%W@F?é‘vﬁﬁf’%ﬁ?g@ﬂrféﬂﬁntvﬁm ig thee. g.
VL O ( crl\l»ﬂes@c@oﬂa raagrm FilN] 16 fn@ﬁeﬁl‘al@ sa%@iveq«,aﬁmret; mltﬂuhﬁ% ok D] While the

magnetlca%l%/fsgns th g&rtlcles may be used vvlt y particul ar

t r eat mefit 2°f A G RUIShing pathseawe the d%?“‘lﬁéseélégl?fp‘élﬁlﬂe atftxed abrosivenia tiar t i cl es, for
exanpl epoltsmn EOMR! pr&adidl SR WS} kibh ¥ netically
sensiti gpl cl esﬁrl n lt%e mat erlaa1 ot;ﬂ% R&ggﬁ Sg(gﬁng cgls%ggpggﬁigng pad. Any
sui t abl ﬁ'@”’can be used provided that the coating does not

subst an gé,ly TR §91kEh neti.c sensitivity of the
particl Fgg ]Usef ul lﬁ{:gat |§ﬁ%us&?%(%ﬁ]ﬁﬁlgbg]gm&cr&’@@agyﬁégse i qenjuactiop yath{' .
conpr i s#hg Sﬁ%P?ﬂ?P’é‘g §adnoint deteesion Sm«tryefmytkzen@omxietamoncgeh@ﬁll}pmbcylmr t hat

i mpar t Sardlyd/s ik r 012] Te def or abl e

pol i shin 2 g e&%%f@%e?cﬁ%g%%g%@sdgﬂg §ﬁ{55m ?L}aghatt et l mtr‘?ﬁﬁ'&’i‘é‘ig‘aﬂﬁl ly

sensi t | Ydadiation; o as¢o dererenizetbel etd- m‘mtmgmqiohﬂﬁﬁg pfoﬁesmsmésmaygaétl cles wll

af f ect the def or bI e i shing pad body responds to an
appl i eaﬁ ogghglﬁ ﬁe 1{1{(41)4&":1 nEre anssle%‘bp? AR ﬁfhab?roﬁ‘g’ésr@?*}ﬂ&ﬁ‘lr?% hsensitive
parti clwchnlight 0t gtbcrcfatm yf indieti@bce tiabe tolRgeete bbsitktt GlidcbeTrRel #f grabl e

pol i shi od iin.the presence of an applied magnetic field
and, a&} %gganbb c&%‘é{g%&ygh%ee@%%dtt% %N"Plﬁﬁsﬁfwﬁ?r@ bl§f the polishing
pad ar epoahmlegml bo@g@beaﬁmg@rfam siebpBdl ahd My JIRG MLk %ﬂch mesp%nﬁhﬁg d;Y i particles
general | 5| te effect. The inventive po i shin can conprise

has
0.1 wt.9 /¥‘8F‘ eﬁnf“éer@é ="‘§ ishypgpadegp gompgise p§wirdov’ of a A bep@fyntehe

magnet Ioﬁ:aihleb/msteﬂﬁltlﬁdtVﬁrdﬂ@lﬁ&dn@br&?&ns@‘r@n‘f‘t&ﬁ Bt o 30 wt. % or
nore), or 40 wt , % or nor %%r&rmr es?{%rqu:idlgﬁgn r?églr?g <?cal ly

sensi tld\?@"tﬁfﬁ’rtf‘ih&q@% Th‘if@ﬂ%‘ﬁqr Wpetolflémi ﬁWﬁﬂﬁu‘@eSqﬂoMillslhpm@ Ltpaxmlthm Il conprise
60 W Yospdcificesd n conprise 40
o e e AR £ Shon TN bl B R oy allr 6 £ s or
I ess) GHPOffe %@H@ﬁs &qlinspedinggnd npeitqyigttheiodishing MOER} b healymgrigdht cal | y
sensitive particles can have any suitable average particle dianmeter. As
used herein, the term"average particle dianeter” refers to the average
di aneter on a nunber basis. Typically, the magnetically sensitive particles
have an average particle diameter of 5 mmor |less, such as 3 mmor |less, or
even 1 mmor |ess. The average particle dianeter of the magnetically
sensitive particles is generally within the range of 0.1 to 5 mm such as
0.3 to 3 mm or even 0.5 to 1 nmm The nmagnetically sensitive particles can




have any suitabl e shape including spheres, rectangul ar solids, cubes,

fl akes, acicul ar shapes, and m xtures thereof. [0014] The deformble

pol i shi ngwpadoimothooconpri si ng the magnetical ly sensiti vecparstegloemocan be
made from any suitable material provided that it allows the properties of
the polishing pad to be altered when a magnetic field is applied as
conpared to the properties of the poldshing pad in the absence of the
magnetic field. The effect of an applied magneticfield on the properties of

the pol i bihBraB@foekibotePfrof A4hFRe o BRI IAQE 2 XWH E)ﬁ)ﬁletane ferial of the
polishing pad, but also upon the concentration o gnetically sensitive

parti cl ducthds aieriesqribed.er gramplshind§S Paienbhdoq 353, Bis: @nfgth H,45heU&8ppl i ed
magnet i gafehd by AGCOIdpRghYs ?43*1)%6 SUA] l‘fa‘%‘efn?g 6%@?839@ $ rx:%{é'{. J%ﬁf‘éﬁrb el

wi || depend upon the particulat pad configurdtion a It et
appl i catﬂatﬁn”%) B3] UiSh Pefentch; 3712,638,Ha.S ettt psB3,296&l.S. Patents, peao2ioahd wi | |

conpri SEU’S”Pa‘?énF%SW&H c material, such as a natural or synthetic
el astoneric pol yner. "Suitable poI yners include el astoners, pol yurethanes,

pol yol ef[d@34] poIthaT&mngtees fieldas gpphm/ﬂoalhamﬂmlhmg pawiydomsmgaieL&emrmamd

synt het i I tyrenic pol ar or o mer s,

pol yi mi élslgh p%é@f)d%?éd po y@F%%éﬂ%ﬁ(%%thg??féWg’gg?O"@Bi‘% },Ye

clr OStS I |pnkﬂmhg1qmﬂycoﬂnpffmm§theﬂeﬁonﬁiﬁiepcﬂlshlﬁggatﬂﬁﬁﬁfﬁe amllad{aedimbl?ﬁ@& . |

el astoneyric A Mers an opol yners thereof, an

m xt ur edl® %ﬁ%lgg*% %X?fﬁeéfﬁ’ﬁmp%@y IOPPF?é'C?)%’i% Hﬁgmgg Therorerties t he

def or mahha apaltést tatheag obﬂﬁ)pr@éﬂleﬁr@ﬂtﬂ@bblﬁsﬁinbbaéQﬁb%ctlﬁ%/ e@@fatgbd es can have
any swtable storage, nodul ys. I'n the absence an a magnetic field,

the st or2fge! uﬁﬁGmPEFéSIBI#I% Frelises am hagngssd Pffsfﬁmsléaopﬁgwtfqns eéthzoo 1000 MPa,
such as pdRGiddQAd VEapQde Latedindbie p8RRin¥Pad ()@d}ﬁ?com'i_bglgmg %gﬁ@ﬁﬁliy seh&tino! i shing

pad can be configured with a | ower storage nodul us, be appropriate
for cer taitigles BN asrpupbHsh thih ydhen inbe presaneheliig apekﬁdmﬂaaihfec igidefit-i on can have
a_ st or ageog'gaiisk 055@65@ LMEaaoO.z'so'cﬁl% such as 1
MPa to 350 MPa, k%gr 10 2 350 I\/Ps;s, &gsrogzeo\s)e%u 9103 %g%fﬁpa The

st or age pfﬂﬁ’étﬁlle&efe@hangh@bbé%l%mqli‘g(ergad 0%em nme)dexcb Iaﬂi :ﬁ?é@r m@l‘m(leal, ﬁg%t o the

pr ot ocol, r 0 I Lng the

def or rrabffen%% Iqltrg |nlnig3 pa%‘%gga%é{o%‘mr’fé’?. ca ﬁ}esﬁgél{s?llg B@%m%aégﬁ i ﬁies can have

any sui tbishe ddimmpeBsl badretiyfiellhe conpressibility is generally stated as a

percent ge 833 af..t he Ilshln a, given | oad
@?thl gllgﬁ éIES%mIg aﬁi&] oIS tlongcangféo Gnaer 3 W/éeihggllnggad over the

orl gl nalelepmhmsdmhmg s@ﬁﬁinﬁmsadmaﬂditlén’ad)sdbp&d) ach'E:ﬁVeEldy@S backhey @ewtigls, A

preferred . h[yd flor deter mi ning the conpressibility of the polishing pad

conpri s8% (’)TF%{) Rt EPRPHICAY t he thickness of the polishing pad without any

| oad ap[[l}(]36}i ( D} inveMonaiphetipheyides g pM@hldeﬁderﬁeo@pmsxé-’gZﬂ] QE@hsﬁl‘ﬂigEa@Sl )) to
t he pO|IShI ‘? for_ one nute tQ conpress the poli é )
det er i ﬁ?fﬁ@ﬂ FormeRieeligring pd be%hwdég%aﬂ YF%‘HF‘H@P%E#“( @aserse nd (d)
det er m fiefgn tmremeére%ﬁmaﬂroséﬁemlmetpéhaﬁﬁg)ﬁﬁl a?&aﬁeeedt\menflﬁ)tﬂeow ng
rel ati onshi p: percent-conpressibility (% [ (D1-D2)/D1], x 100. The
conpr es §1BFEE £ I’OEfPPPWemweP%ﬁPlﬁganﬂé@ ag 44 ufablerstrenath Megneiip iRldt he assi st ance
of CO"“?B%&L:& ¥r0§}fﬁ"dt$ %Qh@pélﬂﬁﬁl%lﬂ%nf@ pofisting pad TR PYRltfg sy RAGE 2 8G2500- 1- 04
manuf a urewé% C. absence of "‘an appl’i ed magneti c
f| el d, deperi avgeewwereémt todberprliskisg md qfithe ipfentipe pol i shing pad under a

| oad of Pa nore, or even
10% or J‘r@rg e]k ﬂ% L&ﬁ@]@g@éﬁbﬁ I}?fggfgt%@eg%g@&%prmla bgsdnf}ﬁ{e%?orrpr essibility
will genmaaitusysugb asw tragmet bhan ¢lmmag1fet 2FlE08tm ‘éasﬂp.htahb stred@b asorsedl 0- 30%

00T TRkl 00, 000 OIS DS, R AR 820, P00 o

Resi | i erteangihs) aswmllcaahm:,lrtlmesnrérgm raggnpy fuddit (e rgebm\unmlmommecﬁ)teyl-stréhgﬂr ef erred

nmet hod for determning t ercentre i ng pad
conpri s& .mg?)a)&{ieé}tg? ﬁﬁgﬂ?t%g ?tﬁeél H]?a(;gﬂ??f@gge?% eB%’%"‘élFﬁgHgf “ptléf wi t hout any

| oad appdvigtnIBple fixedbtrengrt deitings, & ig prérell ﬂﬁdth(e@agnetlcﬁﬁéld eRadréthdn psi)) to
the polishing pad for one mnute to conpress the polishing pad, (c)

determ ning the thickness of the conpressed polishing pad (D2), (d)
renoving the |oad fromthe polishing pad and allowi ng the polishing pad to
rebound for one mnute, (e) determning the thickness of the rebounded
polishing pad (D3), and (f) determ ning the percent-rebound capacity of the
polishing pad according to the follow ng rel ati onshi p: percent-rebound (%

[ (D3-D2)/(D1-D2)] x 100.



As with conpressibility, the percent-rebound of the polishing pad can be
determ ned with the assistance of comrercially available instrunents, such
as the afwoemembimoed "Anes Meter." For nost applicati omer/ustosss2aesi r abl e
that the polishing pad has a high percentrebound capacity in the absence of
an applied magnetic field. Thus, the £0I i shing pad preferably has a
percent -rebound capacity, after appll ation of a load of 32 IcPa (4.7 psi),
of 50% or nore, such as 60%or nore, or even 85%or nore. OF course, |ower

per cent rtwbe\mm@th@amagé. (eighSnrt thah e Odn Rl Coff Bseling) t%(&%ﬂrgré&%ﬁ ?lex@fllt}fm% or
nor e) plications. 5 The polishirg pad

itable, f
conpri si %6‘ ?W&Hﬁﬁmﬁﬁ%g@%%ﬁw&@dp% 5agth Qﬁﬂlerﬁl&&f@ﬂ ibe agipsieds Ensi ti ve
parti cl esarfsle bbrameaamg 0B Hédr@Ring tiaBST potdy UPSIRD, &) shfélc{ﬁ‘g%ﬁé” ed

accordi ng Shore net hod usi ng a duronet er for éxa according to
ASTM D- P %5['61 fropy fae magpetis dielddn A grpajsaer lefseltd@sre\enirbmdmabé«aﬁrmwe a Shore

har dnes Sedafre 4QAc bapRBD fiefMBHRL ker of i &%%% sS)T’% a%e%é thE'%'rF eng%'dfsm ng pad

in the absence of an applied nagnetlc such as

70D or [thegmagnghic figld ands dorey. qoatsel tbwepeftlw Olf He pODShlmEmdgimng ose. rdepr esent s
the har ¢gagsnof tdi@ stneis Lherange of

40D- 90D, suc 4 as 508 88 ° 1n(%ea§eﬁat{h?£o§%elaé§ggé’&| IJr?Jt\Ag%a &lc esrensptclj i shing pads
are nee@é@de@ ﬁethpdﬁfomhll@pqiéumebad brelyiiinentsedrand de rinqaectmsfof ther ed Wi t h a

tsgorgg h a&’ E%rﬁféng thgﬁéfg?rga%ieqﬁoh%ad%ggg?r)e aﬁ&rﬁg?ﬂ qrﬁ%terg%gfeg i n g b agm

conpri S|Sngllatrh(eanh¢ wagretit Eeldotremith isgeduad], the gyopariids nfiha eblishilglpad aensi ti ve
parti cl ed by any suitable nethod. Many such nethods are
known i %ﬁe{rﬁﬂa aqgssgg%g{égbl e nmet hods include casting, cutting, reaction

i nj ecti ¢0036DI diThgadJuqutlﬂe:EtrmgthbhzigNeﬂimﬂiaidl B@ositiomepesam e bk @biingSi Nt eri ng,

t her nof or res er| al into a desired shape. The

pol yner ?C{;pl‘n gﬁﬁpy’f °§es 1“?’8‘} %G'StWB%@\P%gnet{C‘rfé@ Idsiconsifered] so can be

f or med tcnbaiptdxlrﬁaeoubdmg)litsnmgpw ﬁmetaaj@kteblee&éh@ﬂym%@eﬁc aliawiieh are known in
or e cher's Handbqok of yuret hanes CRC Press:

the art
New Yor K" 0%551}[16 polLs ’c”@rpag Oa?@%?neﬂmq opgrHes afblis nokishing pash yiieet hane can be

f or med bcﬂjuﬁam&stwgthe@acghétmeqﬁ caaRtohianed lﬂraﬁpalmém%rp%mtléy&*ht@@ td @ocyanate,
di-i socyiﬁgt and tri-isocyanate prepolyners, with a prepolyner containing
ngp

an isoc¥ ahciqrike BrsPeses,of thy pressh @ang%ﬂéﬂrm@@ﬁﬁeﬁ@lﬂllwnﬁlﬂﬂed foes incl ude
ami nes and 1M fhige pﬁaﬁmmwr@mn oeyfagbteﬁa cFlle}Slesi%B Rene nig F}gw Ter s,
conprising primarily open-cells or closedce or a m xt of open and

cl osed &uniealy, the siegeatis fiskd laﬁeﬂtlonve@whutmé@ lings ofifhese a@@umarm@l@m pol yners are
describ p nyersion
processE Qg%@ﬁgﬁg Oathé i}ﬂ1 g@ﬁf%g?g%g)gﬁﬂ?% %ré@grggt?ve&p g{% Igaeggsun zed gas

i nj ecti ﬁﬁdpambﬁe}@gmomﬁueh thiat the lingseof fwrbd b ptreg apgldSo ti)le@obsimrgum:efdceuﬁ‘l ng a
mucel | pr I &S ess, pol i shi ng
pad and&a%ﬁﬁsﬁxﬁl g)lacéaopr)ol 2 %ﬁ%&%gﬁg%gldel té tﬁg ?llsﬁsl}n 5urt §EO f%}% - sensitive
parti cl Asowmsmmefawn@uemcaﬁélé(esgl,atbema@epmoaiécltmmagﬁw) qaﬁlbe {sbumitgxe@ad and

def or map shi.n ad, bo W, | | ve the sha a disc or a
flat pol¥g Ila% qth@s%cflls mg ﬁ%‘é)%nd((jté‘? ﬁu.bf‘trarleeﬁ ing RSk sugh ﬁhat)fh%@ﬁﬁr?t%tsng two broad
sur f ac ebetwéam\thejsolng:efof thatmagnetid fsd andf tﬁ@ﬁtﬂlshlﬁg gad) 0 pEerrHElz SuEklghet helr f aces on
t he per| %{ ﬁ) O|IShI ng d and d? grn& | e polishing pad body. Wen
used inP 1&%5 ig perevep e spipeeidle pagelicfield andithe sulstralid def or mabl e

pol i shi pgagad 'bl%’dﬂgusfdﬂ% daehgtk Riapgktie adldansu1g 6 @me@ Io@pmdi@wﬁ&ldaad body

wi |l have an axis of rotation perpendicular to the faces. 22] The

magnet | ©agnelic rsedp pltgrong g1 M Rsepegtics ofibp aplighing raf s The aneusy Of fﬁrqe he materi al
of the defiridaihg pemogéwilmpmpemé H{cmagcanﬁgu@ﬁ&pmﬁé lsﬂfn? %Ebe pad. The

di stribution of the magnetically sensitive icles can be effected in any
sui t abl &egrirngiyen @éhca@?’énﬁP@raI}Yh@dawgﬂh@tSﬂé@Th ipagesiigifieldaapadg ofi cl es can be
conbi ne, i Xi ng or

b1 end ey o HITHES (. Roor Ol TSRS, R0 s Bl 15059 “rne
magnet i pufficienbnsi ti ve particles can be distributed in the naterial of the
def ormabl e polishing pad body evenly to provide a uniformdistribution of
magnetically sensitive particles, or they can be distributed in a
non-uni form manner. For exanple, the nmagnetically sensitive particles can
be concentrated in a particular thickness of the deformable polishing pad
body, such as at or near one or both faces of the deformable



polishing pad, or at the center of the thickness of the deformable
pol i shing pad body. The magnetically sensitive particles can al so be
concent r avedo@tooorwe or nore di stances fromthe axis of potratsces/oodiod he

def ormabl e polishing pad body, such as at or near the perineter of the

def or mabl e polishing pad body, or closer to the axis of rotation.
Alternatively, the magnetically sensl4ive particles can be distributed in
sel ected areas of the polishing pad. Preferably, the magnetically sensitive
parti cl |41 r reduces the
edge ef F@%@ du(rjjilhﬁ {r&%& &d[hé &a%&%ﬁc Bgdrcggtﬁlgg&?ﬁ%b@eﬁllgﬁg@ O1P E{Aﬁ% edges of a
substr atcenttcdlem)Ithm manual mnfrbb agentsed, dteappliedimagnetic kedd lsdf’plﬁﬂhbf adiysisd r at e) .

[ 0024] n Iy 1y sensitive
particl X;g’ aBé?HerBtgr |a§E“FYeb?ftneadmam d&lggét |p8fl ghglg]etterr%{éggd,f@ggg% lrﬁ%r can be
distri btihetdmalloagﬁglees dishiagreta. pbi ainhegregitiniag or erfdouf agrolistphestagelve apeggnet i cal |y

sensitive cles . c res in highest ..co he
peri net &ete %Bmaéﬁtﬁ?'ﬂagf”ég"ﬁgﬂpfs?ﬁ ?'Pﬁraﬁ(ggn%lgarm%ﬂg ﬁmem ellggr%@gl%ltr%%
concent rdﬁhhg)ﬁolghﬁglc@ﬂidylis@mrsd&lgtm@f thngflc fieltl ad clange armain@in avgwema (e.g.,
t he concentrati on bei n%é hest at ta nt er g g@ad a crea5| ng
t owar ds aigriahsgmovakrateq Alierngtiyely, pp i ad W@n e ‘foniﬁ) d 8ﬁt{e§1
est abl i shededdviauetn tehatohatichassisled! oeepagleatrowghlthe ﬁerofexanpl e
concentrations of mag%netlc particles can be h| Qst at the facef@f

y, the

decr eas eniceREACESON: Hitpmaedronimscrm b esed fawfgnuati %dé“St the MasRetc;

concent rgkj o Brdl?g%%tp'r& @glfamn@d%ét FaRrasRadiok h fesongadehaigediacr ease from
one face to t?‘l posite ]fgace e gradients of magnetjcally sensitive

particl @@@@W@m@tﬁrénmrrﬂxﬂmeledé? oegrsye Seldspp Bhawepalnadysithii be | near
or non-| ik @ito e Joien emé:ally

sensi ti vlje%‘ég{ett?) %Eagéég méo}ﬂsq)ﬁhél& ggrhﬁ%%]bgl “B(;é)hfogm %g cp)ac? %Jgdgﬂ%%

acconpl |%mdclhyemamswwhqﬁiyenmtomteCFfmhaég@aﬁﬁn%OY mere PeBING ng properties
of differen [ t fit ilselqes can be used
to est abcloing‘ho %%’gziﬁ]?‘?eé? %ﬁaé(?glgl en%’lll g&p%a%t#o\rs tg%ajg%tltgé/ﬁg@%tlhé def or mabl e

pol i shi r@pmdatp)yi or to formation. Al so, the deformable polishing pad body

can be f n yers ors ctlon [ tions of

magnet i c@{)‘m sgﬁéei 'ﬁW‘g B alFq pey egs aﬂﬁigﬁ]%&%lﬁ%} EL%SEBE C&ﬁéﬁ%&t(sgnm tive

parti g: e&oﬁ&ﬂgb@oﬁﬂmqﬁedommmg b&f&m?bgqmﬁdﬁn@aﬂwpdﬁwmagmmaﬂg paﬂ in any

sui table pattern ra| | owe eatin t he

def or mab‘%egS”bYﬂ l?aétFﬁ?"ﬁ SBS‘&“@SWI FOFEY opf 8%//\]1“?% hEr gfeur gthnﬁngﬁ%urgﬁagfgmt i onal

appl i cat dl@i‘bd@&hcﬂﬁrﬁﬁi@ WFeBenct Of auppligdmadretid field Yy ctdntzicasg thalpollslhhg pl&dt erial.

O her nethods for the non-uniformdistributi op E {Wl | he
b afpafe

def or mabVish penbsts¥e. (g palngsapdinsieblestenedgpgigt of ordi nary
skill iny %pgnea(frtmoré %Bmws-rmhé)@lisﬁihg P&, Pat(dpiotifg therpbﬁﬁlimg)pad(}allatdme

configured as a top- or a su I n_many polishi rocesses, the

t op- pad foghe Shlést@@ﬁ rlembﬁgowwgttheﬁubaf&%aTHVOﬁﬁ% Eg@g t(@)\k?ﬁ? FYEE surface
of the S&Q@%ﬁ@h A RAbESRRn wWYSped: APt E&Isﬁﬁ‘a‘é PRQERT paRBing POl i shi ng
surface e su derries and supports the top-pad en configured as
atop pasy,stemmfﬂ@ohmlhpmg pad of the invention is typically used in

conj unct W t [=JaR &fj’ﬁmh He@djud@ble- top pad, the
pol i shi n@ﬂg&dd ?h?lhlgtﬂgn%hl @lc\)'%]rﬁl{og%ﬁ %‘?ﬁégmoﬁ@use i n1 %or?j qul]lCtl on with a
subpad it&ﬂgtﬁ]maﬁhﬁmﬁe\l/cemrmgrpohﬂmg é[‘rhemeﬁwé‘@lcbpap(bpﬁélﬁﬁt%mﬁwllﬁdﬁf| gured as
atop pad in co gt on hatidr t he subpad
or top p4d aﬁtﬁﬁatgg foés ast egﬁlg &Ireégggngtﬁglpgleéﬂg%y?{gnes I n accor dance
wi th thi ﬁvaﬁi@ﬁctrh@ﬁlagdaﬁc ﬁaM@mferabiy ig a”dgalsted[so psid aahidVﬁsaJdma@ﬂ padishibg pr OVI ded

by different layers of .a sin

Sheet o aEeBEaTYS oI BaENTTEREREr ed e f e i PRT B Fuldl v
provi ded @Mn§@gﬁﬁ@Mngghmnﬁﬁn@beets the top pad polyner sheet and subpad
pol ymer sheet desirably ssqoci,ated w thout t

(e.g., wWo0hdut Ahe PCH’LSE‘P%@?F? %@ F%&’ﬁﬂ“é’ég Véte’f“é%fgp)mveﬁg?n S artlcf'lgalyf ﬁ%g? ((§)1Jp pad
sheet a“gse%'@ BBERith & 3ReriiBaliriich@cad Yol waing i(ONIP) ep;gratuwmyp&sﬂmm wel di ng),
t hermal bondi n radi ati on-activated bondi ng, |am nation, or coextrusion.

Al ternatively, the top pad and subpad can be provided by different |ayers
or parts of a single polyner sheet. For instance, a single-layer polyner
sheet can by subjected to a process that alters the physical properties of
one or both faces of the single-layer polynmer sheet to provide a two-Iayer
pol ynmer sheet, wherein one | ayer serves as the top-pad and the other |ayer
serves as the subpad. For exanple, a solid polyner sheet can be selectively
foamed such that porosity is introduced into one face of the pol yner sheet,
resulting in a two-1ayer




pol ymer sheet (e.g., two-layer polishing pad) having a porous |ayer that is
attached to a solid |layer without the use of an adhesive. One of the |ayers
provi des wbeotmpimad, and the other provides the subpadpcOs2aw/obabh | ayers
of the polishing pad can conprise themagnetically sensitive particles.
According to any of the above configurations, the subpad is preferably
provi ded by a porous |ayer conprisini the magnetically sensitive particles.
[ 0028] When configured as a top-pad/ subpad conbi nati on, or as a one-pi ece

pol i shi agpapack conlpRisfqh) SPbiesl ach, Fherd M&isé, '?é’ﬁr?%cgf%ﬂ ah@fla faékregc}ﬁ& tHaPPr i se a

pol i shi ngs surface. The polishing surface can provided by a separate
| ayer ofSHit Eem Qrbitgh Hasascpr siewigingion: () ¢ pelishing pad of the invarticidh oontaxb| e

pol i shi RgthRRIRBANNd Abvih wiR the PRt Wénqﬁglopgn,%né@fa%gﬁiep% ttlg)?ds%ef or mabl e
h ded y

pol i shing pad body. When the polishing surface 1S provi a separate

| ayer ofVOHiese fobe palisheddry cortactingand thosing yeditivedo the sarfangrof thegobshitghe

def or mabhe Bl JosM; ' | t . aS way of
fricti Oﬁﬁfge' g.#?ﬁﬂié@%ﬁggvgn %&pﬁéléég’\r{a)cg H%]g%&fkopceﬁ) 3%‘5 p?atlé%%rnl cggtlg%{tng fabrics,
vacuum Witdheeralishingpaseand thearthopdiskidg psl mevicorptive tisthandrkipipes, " wel di ng"

the | ay LF J. [ pressure . of her .varj ous
ot hods SR S e oA o NG me R0 EG RAEShRoc HipRLdRuo e e
pol yet hylogipetce toegthish thle artoek fiede niThs palishing sedpdsiionegsicdllyeomptises hiliggid! ayer and

t he sub .. Jhis configuratjon._of.the | i shi d of the invention can,
opt i onaPEF}g?r(B'g"ﬁgg ef’lﬁsg%%rhﬁriiﬁ@ﬁa S{;?f’taﬁgﬁptéoﬁ‘ﬁ%g L abrastyso PPN pr ovi ded
by a sutheage afﬁuotk;ﬁeodeémgpalbdhed,mﬂljoqsibﬂi@cdm@sia@ﬁiMptidhan}bhﬁa%fm&ar ate layer
of materi al tQ@%ZE)olishi ng surface can conprise_any suitable material, such

as one SYMRRSEOXGIZMERAECHE FHIIGASIArRoPwlesme PRels PY Qudisrs suf2g@ i t h respect to

t he def edrralnaniibitdrs Rhtigodaask LREY, andR 1AL The BMICAPaRtsCRELSARE as or
di fferent, Lromthe materi al of the deformable polishing pad bod

. L 11 T] oay.
Typi cal P4t IF@_’I%BH’H"@WSH@*‘%?#%@ ¥B fprsiashearh okhepolighing prdlapdr et hane.
[0030] Fh1gnpgliidih Dotne AR SRRk BE L8 lih ABLpBRs1ABYES, channel's, and! or
perforations, which facilitate the lateral transport  of polishing
conposi t408Hs adherdishing radipplidéneststemeandaplishinamethediof tButiergioods es,
Ui T abl 240k R B S RTo GRS, b Aesit Rt E e SBBRELER" TRe”
differ eWﬁfegfs)m‘éorémﬁQemﬁtéﬁialsm example,dmntwlisking palschn bamsgd tgpadises and snal |
grooves lesGhd i t ep 9 | es .of i tabl e groove
patter ngﬁﬁcﬁﬁgéélgcﬁg%?glg& rf)oév%sa{,%wg%sﬁgfe&%ts}l igsgl%tgersgﬁ)%%n&;ry ng)lglrd a Sllj(?jr circul ar
gr oovespetahde Xyn@hlosstak),ategpetict lendss intarttdyehdielactrib €1LEY teyiersupal gmeric
non- cong4_nu i,n.c0o t.ivity. [Preferabl t he | i shing surface conprises
at Ieasﬁfn{sgfrféﬁ'lsanéi rhb%%’vdgé;g%?l%c &’8%‘&* fﬁvs fé%eg%?/r&sﬁa‘cﬁ!dg%ﬁfdﬁ%fi’s M et hods.
[ 0031] shstemp MESMS)ngnEcontiace veders,feld dntiesiaf dispgReindoiler yiGessdtiohice
particle r can. rise magnetically sensitive particles in any suitable
Brrount . SRRSO RREs Y PRI e R G T PP BT 6F HGHEL PGt (eyeSURET (| ve
par ti cl @ddd, silitdrenipiol] Ghow gictedirfcager b alkPorGAMIL BHaRGhd IRjde(eTAMe Mmanner
previously described with respect to the defaormable polishing pad body. In
a gi ven“9Bi @H‘ia['l’@" ﬁﬁ’@“ﬁ‘&é&nﬂp‘ﬁ'& “c“i‘l‘eﬁ Enjus, BREINYR, rutbsaiupo ek at | on and
di stri bitive!) aBdys RSS! dnddhikiires SEgdd). VS a BB dd ﬁle%rigﬂeée%n BShhsBi ng surface
can be the sane as or different fromthat of t he def ormabl e po’l_ishi ng pad
body. [®o3shessgpbHbHfeorsonsistef ay stifelemmetabepmpopitee Suitaly)p atetat eomyositesnsi ti ve
par ti cl@siudd, RS RARHILCGhES! AtiBed(e Sl BB nfOR ﬁelnﬂlﬁ] RERYSRG bR ! icles
that become exposed during polishing from sc’:rat_c I'ng the surface of the
subst r atigside)\metl pabidoeleys., sillsen erabjde andctangsien serire), imakelpplosphoress used in the
pol i shi If . . I al i scrat.ch the
Cur t aceap e toRERoaBTRRITRES IS pipRbLR e s diroBBSHRRE! . or gani ¢
or or gaglass (PRYG), siliem)/genhanite allaysgindesilicoy/germahiumd narhbn ai&iyseTiarticle is
abrasiv ._non: LVE . rraned with res t to the particular
type of‘g%rg%lg rcg ggégﬁdﬂéﬁsﬁg%?’%ﬁ%gsegﬁg Og’ao FePSE] ‘i"ﬁy sg@%bg? tive particles wll
t ypi calsemidoedypas ibhseansetidl.nStitublepehicohduo®r pasd ntttfalstihelhde dvgfe-6l@staiot  pr ot r ude
fromthe surface of the polishing pad during polishing. However, the
magnetically sensitive particles can be positioned in the polishing pad
such that they do protrude fromthe surface in order to provide an abrasive
pol i shing surface. Wen in the presence of a magnetic field, the
magnetically sensitive particles protruding fromthe surface of the
pol i shing pad serve the dual purposes of providing a fixed abrasive in the
polishing pad and providing for the alteration of the properties of the
pol i shing pad as described herein. [0033] The polishing pad of the
i nvention can be configured for use in conjunction with



an in situ polishing endpoint detection system In situ endpoint detection
general ly invol ves anal yzing the surface of a substrate during polishing

t hr ough twe 2oemo0fool i ght or other form of radiation, soprag/useocd@r@pdri ne the
end- poi nt of the polishing process. Desirably, the polishing pad of the
invention conprises a port or aperture that provides a path through which
light or other formof radiation canl®ravel to reach the substrate surface.
The port or aperture can be provided by a hole forned through the thickness
of the daken, palleyRolinsdlidod, MasdpiRasyilicdptilisdhMOinsstbAeRd gatpad, and any

ot her | ayer, which the polishing pad conprises. Alternatively, the polishing
pad cana§ﬁﬁﬂ?ise a "wi ndow' of a suitable polyner or other material that is
translucent or transparent to thegkhgfprpor other radiation used in the
detection techni que. The particular type of port or aperture used wll
depend UYYA] t+ hd'he fllowingexapplsollpiraige the propastionendiise aba polishing pachd t he type
of radi abldhcRYRAYAM pofkhidd1Atinbd 4Rk td BEMfiGS Tor I nspecting and

moni toring the” polishing process analyzing l'ightor other radiation

ref | ect é¥f4p} omAapdishing pad efmprisingwalefopinade pelisbing madvbodyrant iregaeticalSuch

0 0. g adf BRAEEPE por el B Py ricglell by hiEna hEb AP oag Bt piicti > Pt ot
5. 658, 188] magretiteRRe:On} ath tABEEIEUR 2btyeShe fay EntpeBHRBS 8T thd PolylteBanddat ent
5,872, Gﬁ? m?%ﬁr‘gjf%ﬁgoa5di§09§’%1’a}£%9dl6pé)li%ij}'ir§q 1%iilgfat ent 5,949,927, and U. S. Patent

5,964, 6 n a nagn is applied to the polishing pad
conpr i si[etg7} he Tiebolishriaiyl pad ahowikdron thaglatbo df/a CRiPgolishingmachiteogar t i es of the
def or mabl e | ishin ad bod or, the polishing pad conprising. the

dof or st @B Birediaig At pRBEA8 b Brd Brbn s BB A L rer e

suf fi ci emtpolishigd foslcdf thdysoligkihg Slathie: pebitadt FaMGE: ifatd6f thlob ?m. ng pad. The
properties ;hat are altered can, be_any of the properties of the polishing
pad, i ndPIAMTRP YR ElCETUREger efiiared such st beepiihineRpd is kedveendbice, and

har dnes gjectiingdofét 06 ticanbdtar, add MO Andlof e dFPhd BiIRE: RAd afONPri se a

def ormabl e poli shing pad body cqnpr|5|n% magnetically sensitive particles
in an aRgfasRdici ke the serfacgEieipalithing pade slypg pEocess i statedranddetic fiel d
of 1- 1Q0fnfRaWsMpbStich is sppRtPioeid'SStaceldHiebIMAS Bad £1d sukudQ0 14aUSS) , one or
more of these properties are“changed by 5% or nore (e.g., 10%or nore),
such as elegmenengnetds i the'‘f” posiion.oAlierseedral ngputes; dishing dn e swilace of heg. , 30% or

nore) a IS agnl c : i ed
nagnétiEmﬁﬁgPgﬁﬁﬁﬁ%gﬁ%ﬁ$ﬁgg%§?P%ﬁ%ﬁg pa%p%¥Qﬁﬂggﬁﬁgéﬁngﬂﬁggﬁ%gﬁso conpri se
ot her pdicinsdgnetiy frddicavisestbnsubpalfolromprestaghinetrthagfatenyredusingdlidi t i onal subpads,
adhes! Vo ALETu BRES Ul b o Rl S oI B S8 by SATPERS Ny, [ 0036

e invention turther provides a®pollshing systemconprisrng (a) a
pol i shi tigne pieecHishonppinitisd sufstertdic taiucmbbw stild bviddnt.nThepaangtbdy thend magnetical |y

sensitiv articl.es dispersed therejin, wherein one or nore properties of
Uhe  pol FERTIPEREdS RriEasity DPED HERE IS SvaT iy BETEEBresaieBhiT ed magnet i c
field, ahetn(dnd pahishach ivsbpued ith angthredmgoein the iskihgoP®s kibsemed proxi mate
to the polishing pad. The polishing pad of the polishing systemis as
descri bed above with respect to the polishing pad of the invention. [0037]
The adj ustabl e-strength magnetic field can be provided by any suitable
apparatus, such as a magnet or an el ectronmagnet. The term

"adj ust abl e-strengt h” as used herei n enconpasses vari abl e-strength nagnetic
fields (e.g., variable on a continuum of strengths) as well as

mul tiple-strength magnetic fields (e.g., having nultiple fixed-strength
settings). Wen the adjustable strength magnetic field is provided by a
magnetic field having nultiple fixed-strength settings, it is preferred
that the magnetic field has nore thantwo strength settings (e.g., nore than
an "on" and "off setting) to allow greater flexibility in altering the
properties of the polishing pad. The strength of the field can be adjusted,
for exanple, by increasing or decreasing the anmount of power supplied, or
by shielding the polishing pad fromthe nagnetic field to a greater or

| esser degree. The adjustable-strength feature of the magnetic field all ows
a user of the polishing systemto change the strength of the magnetic field
and, thereby, control the properties of the polishing pad during use. As
the magnetic field strength is increased, the force exerted by the
magnetically sensitive particles on the deformable polishing pad body is

i ncreased, and the properties of the polishing pad conprising the

def ormabl e polishing pad body are altered to a greater degree. Simlarly,
as the magnetic field strength is reduced, the properties of the polishing
pad are altered to a | esser degree.




[ 0038] The adj ustabl e-strength nmagnetic field is positioned proximte to
the polishing pad. For the purposes of this invention, the

adj ust ablweovemngtoh nmagnetic field is considered to be ‘Ppraskeveineiiol o t he
polishing pad if the adjustable strength magnetic field is close enough to
the polishing pad to alter one or nore properties of the polishing pad. The
adj ust abl e strength nagnetic field cldn be oriented in any suitable position
relative to the polishing pad. For the purposes of the present invention,
the magnetic field is considered tgA1ge |ines of force parallel to the
direction of attraction and repul sion of the nmagnetic field. Typically, the
magnet i @- f i ePdolighingoradicompesing & deformnphie nolighing paddody andbmegnetieadlysubst anti al |y
per pendi b Sl : L SN ternatively,
e g P O ok B PRt foiing BlAE 20 08 Ui
angl e t elterhdwhel in ¢lke mresenesr dfan eprlied mtagngtigifiekhi ng pad, or even substantially
parallel, to e 4-shi f.a ] i shi . .t he source of
t he magr%’eti C"f% peq?lg]lukgp %&%c?a% 1h%§%rg tlﬁ)ep&gﬁ)gkftof r?ggeﬁ@%)%fggﬁ%@sehl%si tioned
rel ati vead that dnealpodd is hhengesenct ol apfiied supstic diekl doeompprmodre propeltisuch t hat

t he substlr éc& IS téet(\)/\deecré Lhe s?ﬁ{?cg of t T8 net i o .'é,el d artld t he polishing
pad, or,Sefﬁ'e é%ghfy SUCR T & éo&gﬁn% mg"%glgrelsg ¢t REEH" t he source of

t he magmngbousd, hnchaldmesdofithepdishiag pat.e. [ 0039] The adj ustable strength
magneti ¢ field shoul d b ahl e, of. providi.ng sufficjent et.c force to
alter ore or %‘?%‘%‘P%B%Cf?ff"zagmgf wheygin Roélcﬁjl?l PasAtys @ T‘Péagﬁﬁrﬁﬂ S8t force
rﬁqui r;agjo(?]@not)bll\/ﬁ)apmﬂfg%genu bﬂand@pmd?ggaamﬁdm parti CH ar conf idgurat ib?n of
t he polishing pad use n.a.given applicati.on. neral |y, an adjustable
strengt f- maghkt R ishing e ¢ |1ewa?rel@é1ﬁem§€1?1ﬂsgp@- 8D ASERESPeENy. | 5-500
Gauss, 1OmgrRSitEy sfder@Nodib30 RPE&BEDS br AbreTRER abkdnke BanSiphfiddch@nttid 0040] The
strength of the nmagnetic field can be manually controlled (e.qg.,

oper at ofi€¥nt rol | ed). Wien nmanual controls are used, the applied magnetic

field is typigaldidninpbsmmhi), feBRehedBEnihOpAOhs Y SvedhgeRicakai n desired
pol i shing paraneters .g., renoval rate, friction, roughness, dishing,

e
etc.), osbonnd, afies applifiatien eicp lond efifd k&R, of 2p'6l dr g the ahyencsrof an ppdiediet er ni ned
time intgryal.q.for exanple, an operator nonitoring the material renoval
rate durlﬁg pO]|I§hi ng can adjust the strength of the magnetic field to
change 6r nalin milishiag gidieficlamtlewherkintiapwlishing padehas AlSheredatromekry, or in

addition_to m I rols r f L gnetic field can be

aut omat irﬁ?:rgp?sflog%%trogbptela?ﬁef%)rsénggg%ﬁagg%d}q‘?%ﬂlaﬁgﬁﬂgause of a m croprocessor.
Aut omat €d coTilie milishiagpadoef clidad , tvberainttiendetormable pohsdjingsiadtbhéy cragmises ¢ fi el d
strength agcor ding to a pre-programmed set of instructions, or in response
to chand®8Y™ipol i shing paranmeters. For exanple, the magnetic field can be
aut omat igcal | Yheashliglsih@ flad oF clixa[FO Wherein Ghecgvdyigee ss delecedlffodhihagronpndi ti ons by

incorporating into the polishing system a feedback nechan wher eby

ont 1§ br SOt e SRy oD H NP RSSO BT Y BEhha del | ver a
si gnal 9iohd)fataral BlleGORbbOY, StytdRiAilyusdrs, b arvaared Fidorop&lders,
appropriately. [0041] The invention also provides a nethod of polishing a
subst r aPelyBwHss ?r§§5r11©“k€§)°°1wr6§h%‘isn’56r§mﬁ%IPPE'HEGH@H?J%EFO%%‘F%PWQE Nef or mabl e
pol i shi ngi Bagks BRAXsERAIRIRIES Bbli¥nSRlliRnBa kA RSs densdsed therein,
wherei n"onhe or nore properties of the polishing pad are altered when in the
pr esenceopsilynzats tpispt, end migwres and blends Bereph) contacting the polishing pad
with a gubst e j: ] bl d to the
pol i shi %‘g pa’Sﬁ%@1151§‘§%P@dg‘ﬁ*ﬁé‘é‘?%?%@’%#ﬁ%?%%‘%%’P ﬁ{h}g{gbggﬁggsﬁdﬁ rﬁ‘lésg, and (d)
nmovi ng tlenppdlymsén ng pad relative to the substrate, thereby polishing the
substratge. The | .Shi n j yst - St I ' el d are as
descri ot nel Rl i bR By 37 SnfEh B RoRb R GRANS! ofen bR | T of
t he i nvent i ofhe joliSkiag pachef caih Rodhetintieefoam vempiisga pedominantlyhdosed onpr i se

adj usting, t he adjustabl estrength magnetic field during polishing. The
magnet i & i el d can be adj usted manual Iy, or via automated controls, as

di scussed above with respect to the polishing systemof the invention. The
magnetic field preferably is adjusted so as to achieve a desired polishing
property, such as to reduce over-polishing or reduce dishing of the
substrate (e.g., inprove planarity and within-die uniformty). [0043] The
pol i shing pad and polishing systemof the invention is particularly suited
for use in conjunction with a chem cal - nechani cal polishing (CW)
apparatus. Typically, theapparatus conprises (a) a platen, which, when in
use, is in notion and has a velocity that results fromorbital, |inear, or
circular notion, (b) a polishing pad of the invention in contact




with the platen and noving with the platen when in notion, and (c) a
carrier that holds a workpiece to be polished by contacting and novi ng
rel ati ve wo 20moswnf ace of the polishing pad. The pol i skercmgisedosiobe o4

wor kpi ece takes place by the workpi ece being placed in contact with the
polishing pad and then the polishing pad noving relative to the workpiece,
typically with a polishing conpositil®n therebetween, so as to abrade at

| east a portion of the workpiece to polish the morkplece The pol i shing
conmposi t12on Tidpdtdhihy psLEIdiSeS whertindht Par dbipAses 6 nilture Fdp@FHROUS
carrier), a pH adjuster, and optionally an abrasive. Dependl ng on the type
of wor kﬁioé‘?,depeﬂ%l ng poli shed t he polishing conposition optionally may
further 160NMPThSKIRKhE bAd SL1AAAD WRereATRARAScBGI %ensﬁ&%bx%leé‘ﬁav%%m s, pH
buffers, surfactants, corrosion inhibitors, anti-foam ng agents, and t he
li ke. Tﬁéefwaﬁﬁt%dlmﬂéf darnper lgisy suitabl e CIVP appar atus, many of which
are kno in S REL, of the
|nvent|\(l)yﬁ al g%%éﬁﬁlg %&;@ tlﬁ%{ﬁﬁlgar nglgtsu%'?kg gg’lggﬁ%?feg%] The

pol i shi hEprgrae, pa}:twlqushl ng syst em and polishing nethod of the invention is
sui t abl gf or f ; eces (e.g.,
subst raﬁ gs OFHGS\g%l Sﬁn? pgdﬁ%‘lw@?ﬂ“i gg%élﬁn eg]?a ggth% ll%%&gﬁwghpr}'}@%%}he pol i shi ng
pads canelbaedi@nl teqrgpl doshstmroﬁﬁeaﬁa,déd-FmBl BaHiSn (errenNi-¥n-Cudemitpe devi ces,

gl ass s msrmr netals (e.g., noble netals),

magnet i g’"ﬁfé’é.’g’lén EOHt S IS e?ndd?%}ué? #’eir%osf(l LD) layers, polyneric filnms, |ow

and hi gh di el&ct rTie ptisighgpdd dficlaims 14,fvterahethe eagheially sensitive particles

m cro-el ectro-nmechani cal systens (MEMS), sem conductor wafers, field

eni ssi o™ fi%8Bf-ays, and ot her microel ectronic substrates, especiall y

m croel gt r omh&pighist pad SclBRNPivhereidghd Iﬁ@gnbaéa1lpgedsawelp5mees gre, Silicon

oxide, silicon nitride, or, Jow dielectric materials) and/or

met al - c OFgRRICHT Agtat aﬂgé’i*‘é PRicles.  copper, tantalum tungsten, al um num

ni ckel, 1git amh&wlxsﬂhgbhd‘éﬂ’BIalﬁMWh@ﬁ'érbiﬁlheﬁﬁ@@lht‘rﬁllly kddsflivel artialed #¥s t her eof

and m xtures thereof In addition, the workpiece can conprise, consi st

essent i aplpgfedofrom gie g psqonsisting %N&teg%ﬁ%l&lﬂhédeﬁﬁ]&alv[@%%ﬂsq% e. Suitable netal

conposi es (e.qg., tantalumnitride,

titani utr%‘%ﬁ?ttar@fdgggﬁyleﬁ {%g{(’gnhﬁg%ldﬁrﬁfcgée())ﬁllﬁﬂghé;l carbides (e.g., silicon

car bi de 14nd ifhmméltsblng oat ¢fi codpdin 1, Wh@‘ﬂ@lthm@m@mﬁllwensélverl?ﬁlfﬁlélebéﬁeos| licate,

borosili I i . rophosphosilicate gl ass

(BPSG) , d?SﬂFb?lE:egn ngrq]?(a%ﬂ&ﬁlt%é (ge%rﬁ]a ?ﬁﬁ éﬁ%gﬁ)%m um carbon alloys. The

wor kpi e@e. caﬁhea;b(ﬂxshmgpmofsﬂmmdowhmsm tlmmgmtuadlllyyermﬁwe(partlcbmsnest of any

sui tabl e, 1 gondu l e base material s

i ncl ude%ésl%rﬁog‘}eé- P {tg? ??sfe%n% epp Olhahlrtlﬁ slétbé) |mnael§°§1 nﬁtg)on 1izﬁr?r‘%’ﬂfrphous silicon,

si | i con20n- i Meapaishing padhel ofpeinl 1, wmnamslmmmtuﬁm\hﬁisﬁvb@ﬁh%!es dee fol |l ow ng

example illustrates th ar and us o i sh| pad, polishing

system d’ﬂf&’“}?&l hrg %ﬂtﬁﬁﬁﬁeﬁnaﬁc@?g}‘%patdg’ ﬁ%@cw% ot 046] A polishing

pad conmppi si Mge lﬁbli@mh Em&icﬁanﬁql w&é}eiﬁghmdgdamhylyamltrvagmmegadel y sensitive

particles di spers erein is cIabri cated by bl endi ng pol yuret hane foam

parti cl E&tayEedin ‘?taéea€P #e3d-at a tenperature above the flow tenperature

of the pal yU‘Tﬁ‘éﬁ@@ﬁingR’tﬁoMaﬁMﬂf@nh&c61ﬁ§ﬁ51ﬁgrﬁ?blﬂhlﬂg§lﬁfa%éaped pol i shing pad.

[0047] The pollshlng pad i s nounted on the CWP pol i shing

machi ne 24s aThapsbishing arrbeftdpin 23t Wherelip eheolisti ‘P%%“ﬁ%%‘sﬂ’wldﬁgc?y 3and a

patter ”%E'rfa%%?&éﬁEi%rdxéol@@ﬁfs&hEBé‘cﬂbd&? the polishing tool of the polishing
machine 1n contact wt he surface of the top pad. A variabl e-power

el ect r o@AgneThd polishiag pacbefedpin2dhwherein thetioligung sikfapryis peayided byt ween t he

el ectro ned 1 d the substrate, and the lines of force of the magnetic

field ar perp ndi cul ar to the surface of the polishing pad. The polishing

process 26s s‘ll“laaermoéldhmgpmﬁ @ ghedini28 hvingeio treprosishingswriase cnppisésed to t he surface

of the pol |% lryg E gt §ubstrate The el ectronagnet is in the "off

posi ti ofP2EAF R %%Yea‘?a fifiutes, dishing in the surface of the substrate is

detected, and the el ectromagnet is turned on at | ow power. The application

of the magnetic field causes the subpad to conpress agai nst the platen,

reduci ng the conpressibility of the subpad. Polishing is continued for

several nore mnutes, after which tine the dishing in the substrate is

reduced, but still evident. The strength of the el ectromagnet is increased,

t her eby causing the subpad to further conpress against the platen, and

polishing is continued with further reduction in the dishing of the

substrate. CLAIMS 1. A polishing pad conprising a defornmabl e polishing pad

body and magnetically




sensitive particles dispersed therein, wherein one or nore properties of
the polishing pad are altered when in the presence of an applied nagnetic
field. 2.woheorpohioshi ng pad of claim 1, wherein the onepom/usess/oprioperti es
of the polishing pad that are altered in the presence of an applied
magnetic field are one or nore properties selected fromthe group

consi sting of the storage nodul us, ddnpressibility, percentrebound, and

har dness of the polishing pad. 3. The polishing pad of claim1, wherein the
pol i shi pg pathd}RSstanSpal FSRiHRE UkiteiRthe hi¥ndtRalPQAsiFapdriicitd e absence of an
applied magnetic field. 4. The polishing pad of claimd, wherein the
polishiﬁﬁﬂ%ﬁﬁﬁﬁgé-an average percent conpressibility under a | oad of 32 kPa
of 2% obg oI ehd galikify FREFREE 26, AikraR MleinfdndRAMELenGitild Slrfcleshre The pol i shing
pad of claim 1, wherein the polishing pad has an average percentrebound,
af t er apigeRie putiges grmefalrsganiof 32 | dPa, of 25%or nore in the absence of an
applied g (WesHAIE . I Shi L Q. t he
pol i shi ‘;/llégr'aprel?i éh@ggﬂéﬁés%grogcg@g%%%éﬁﬂg@ 8@%@%@%@5 %%el%f%‘%% %ﬁdtaﬂé absence
of an apyisitiselparéderetic field. 7. The polishing pad of claim1, wherein the
def or mah) e i.shi c ' : . : l'i shing pad of
claim 7?6.\/\,{}2@4 éalpr%l)h%kﬁlgg %%%f%ﬁ%ilgﬁgg{ﬂgéﬁg%ﬁ?g %méé{aﬁémg(?%eﬁ%gﬁgﬁgi sting of

el ast ondi.s, pHpoeblshinstsysteresomposigp| ef i ns, pol ycar bonat es, pol yvi nyl al cohol s,

nyl ons, ,Ratural,. and synthetic rubber tyreni I rs aromati cs,

1 uor opPy et BB oY RESRE 2 AR TS BE Pe B ah B Eoe B cet

pol yur etdnaitiesparticlessdispersad edreg whetetf dneor mped prepdntysf tHeqloyisigiigpad are

pol yacry] ates, el astoneric .pol yethyl enes,. copol yners and bl ock copol yners
et oot At it e SXcoEirs O R pRRded Fagtelf Tl Mehe. pol i shi ng pad of ol aim 8,
wher ei n(hhe sheddpistaplelsereah dpidlg flRRIchobiaEedpRsRINAE @Stha pbBdhigiatyer . 10. The
polishing paﬂ of claim?9, ?[ein t he foam conprj ses predom nantly open

cel |'s. THE Pﬁafhl%?yﬁﬁn‘ﬁgd’ abp 3¢y whergig the\jiieneth of theywagnsiimiieldibri ses

predom pantdily c6dtded cells.12. The polishing pad of claim?9, wherein the
foan100@?rises a_m xture of open and closed cells. 13. The ﬁqlishing pad of
cl ai m 133.whebhsinelishing sysigmerfickam 3y, wherin thestensdl of the wagneti Seldds aver age
particl gudhAeleEondbie, MM or | ess. 14. The polishing pad of claiml,
wherein the magnetically sensitive particles are inorganic particles. 15.
The pol P&hi ntheppabishong wisgmmitinim@herkarein thestrenginelithempgnetis&aldi ti ve particles
are sel : : ISt .- Nd- Fe-B, Ba-Sr ferrite
Ni-Zn-Cﬁﬁpggﬁ%gg?%%ﬁ%%ggggﬁﬁgﬁgéh?%éﬁgﬂgﬁggFg%g% m xtures thereof. 16. The
pol i shi Bf pathegbligisg system, ofickeém 8B rwhehen theghrentgittcef thy megesic fieMe particles are
coat ed. .32, PO 0810300 8fc. &l Ahydy wherein the magneti cally
sensitive par€|% S are organi ¢ or netal-organic particles. 18. The

pol i shi B@§ pdtheqiolistiag systeih, ofwtadn il ywlidnen thegne bt madelpyogeties of thee particles are

selected fromt roup consi sting of. V[tetracyano |lene] 2, V[Cr(CN)]

oCo. o palh PRy etk R RufER I teeeny el RHRIBT T Biardiond s e

gol [ shibﬁl@pfjrads ﬁgectedriﬂ aom the gM@b@sﬂtiﬁMghé;lﬂmgdblﬁaddlwl, s(ﬂmh 'bstsib\i’lﬁ)é,pgl’ Ej icles arﬁ
i stributed unifor t hr oughout the deformabl e polishing pad body. 20. The

pol i shi H@*C%‘&EF"B‘F“%P‘ﬂylfﬂr‘%,eswgfglﬁeel?wsmﬂ%p%gneti cally sensitive particles are

di stribgged A HeteaROpslishine adebdaftRbmerifgd | shing pad body in a non-uniform
manner. 21. The polishing pad of claim1l, wherein the nmagnetically

sensi ti (A parevidinga pakishing nad cpmpridee 3 Rfmghiswelishing Rpdsdn@isl e pol i shing pad

body acgardtingysehshivapaficRE lispdded td16in PRGN bRomAste Blopehil B the Wherein the
magnetically sénsitive particles are distributed in selected areas of the

pad. 23poliFhiag pal dre hitered when isftheprasenserot py ppiiied megngdicifisldag a pol i shi ng
surf ace(b) contacting the polishing pad with a substrate,

(c)  applying a magnetic field to the polishing pad to alter one or more properties of the
polishing pad, and

(d)  moving the polishing pad relative to the substrate, thereby polishing the substrate.



24. The polishing pad of claim23, wherein the polishing surface is

provi ded by a surface of the defornable polishing pad body. 25. The

pol i shi ngwpadomformbai m 23, wherein the polishing surfaceciraspssweded by a
separate |layer. 26. The polishing pad of claim23, wherein the polishing
surface conprises magnetically sensitive particles.27. The polishing pad of
claim 26, wherein the nagnetically s¥®nsitive particles are coated
particles. 28. The polishing pad of claim 26, wherein the nagnetically
sensi ti e patjid GLiSd & Fai TafhthelRRidphisih€8dj@stineleAtroRftB8HhE madibtic The
polishing pad of claim23, wherein the polishing surtace is free of

magnet i éigld dprisgpalishingetherabyx glieriag oneay morpRrop@tiessHithgpisingpac| ai m 1, furt her
compri Sis69 afneRARG) 8 ol ! B hhalinRRL drongltof e RO R YFHEM HOMPI 1 S1 ng
(a) a polishing pad conprising a defornable polishing pad body and

magnet i eesponge toemnehiangevia pphshingdoaditidissper sed t herein, wherein one or nore
properti,gs o i Shi r i . ce of an

ppl i ed agniy HapREH AR, AR Bhah CnhEmhal Aol RIERENCe 7L &

posi t i onewrdgngiviapat-ectipoogrdme pol i shing pad. 32. The polishing system of

claim 31, wherein, the. st.r t I the. LG fl ' Iy
control%&d. g%vn%ﬁgy%%ﬁ?sgﬂﬁéﬂgﬁgngg% @?ﬁ%ﬁ%&f&ﬁkﬁglgﬁﬁﬂgﬁg strength of

t he magn&lucs overepadishing dishiapiit the adtstrateont rol | ed. 34. The poli shing system of
claim 33, wherein the.strength of fhe magnetic fijeld_ aut tically adjusts
in respgase f@e @ﬁ‘&ﬂ%@%‘ﬁ?‘ﬂl on?‘grﬁianf Nete{a(s Ofeol?{g?e'é?.oqﬂ?émggﬁ?%%%ng syst em of
cl ai m 33hat Whan@bdin thepetdnen ot 4h Phliddieaghegidld arefohebtmarstpespettlesal | y adj ust s
accordinq to a pre-set prqgranl 36. The po ishin? 3% 1en1ﬁf claim 31

wher ei n SelpgiedsiiIn gie SHPeFOBs IR A fhestasee Mg US| ORRTITY %‘Q’d IeShigiceaf¥ al tered in
the presgnagsefthepombRlg Rd. magnetic field are one or nore properties

sel ected fromthe group consisting of the storage nodul us, conpressibility,
per cent -rebound, and hardness of the polishing pad. 37. A nethod of
polishing a substrate conprising (a) providing a polishing pad conprising a
def ormabl e polishing pad body and nmagnetically sensitive particles

di spersed therein, wherein one or nore properties of the polishing pad are
altered when in the presence of an applied magnetic field, (b) contacting
the polishing pad with a substrate, (c) applying a magnetic field to the
polishing pad to alter one or nore properties of the polishing pad, and (d)
novi ng the polishing pad relative to the substrate, thereby polishing the
substrate. 38. The nmethod of claim 37, further conprising adjusting the
strength of the magnetic field during polishing, thereby altering one or
nore properties of the polishing pad. 39. The nethod of claim 37, wherein
the strength of the nagnetic field is adjusted in response to a change in
pol i shing conditions. 40. The nmethod of claim 38, wherein the strength of
the magnetic field is adjusted according to a pre-set program 4 1. The

met hod of claim 38, wherein adjusting the strength of the magnetic field
reduces over-polishing dishing in the substrate. 42. The nmethod of claim
37, wherein the one or nore properties of the polishing pad that are
altered in the presence of an applied nmagnetic field are one or nore
properties selected fromthe group consisting of the storage nodul us,
conpressibility, resilience, and hardness of the polishing pad.



