PARTI CLE REMOVAL CLEANI NG METHOD AND COVPCSI TI ON BACKGROUND | NFORVATI ON As
presently practiced, particle renoval is usually achieved by a conbi nation
of 5 nmechani cal and chem cal nechanisnms. In hard di sk manufacturing speci al
dedi cat ed t 8Q%%47%3sed to scrub or renove particles, BFT’EWO&%‘ISFQS
scrubbers. In many such scrubbers a nechanical particle renoval nethod is
used sinply with roomtenperature, or sonetinmes heated DI (dei oni zed)

wat er. Chemi cals can be added to enhance the renoval efficiency. C eaning
tools differ fromscrubbers in that mechanical renoval 10 techniques are
conmbi ned with chemc | f  Si r icles both
with a nechanical net %kgiﬁﬁéggﬁgﬁfggﬁ*ﬁ@@iBﬁﬁﬁgﬁ%%ﬁgﬁﬁgﬁéﬁﬁgﬁgﬁaIIy in a
cl eaning tool, other functions can also be perforned in addition to
particle renoval. For exanple, t impurities, organic
inmpurities and even wet etching EECF§§§¥§tQ§%CﬁE%Q§k?fpp|ng of photoresi st
can be perforned i Asarcedngapiaeriyed. oaticlk rmaddistusonlyachid st hes partiiagbreofr enoval

function that jsnid8 SBIcRGHica melhiSmd. fh\/rﬁmd&r}nanmcﬁnﬁgspeaa%@m&.&edC' eani ng
toot for hard di sk manufacturing usually a conbi nation ul trasonics,

megasoni cs andO$t e kd 19 ST BEMOYE RAfTEKH Oft%callié‘? rdber Iﬁﬁ’tﬁiﬂaﬁch mprint nol ds
and read/ w it echese As&eiMaypap@id remé\raVﬁéth@iiyqui sefpMvERdoSmitnpRaaed for

renmoval of particles from Bef he i ntion of
megasoni cs, ‘¥F%@%ﬁ?%@”ﬁﬂgﬁﬂgﬁﬂm“tW?? g@ﬁ?l %ﬂdﬁﬁg?%%&Fn the range
of 20 kHz to abowtl cIﬂ(ﬁenlcijEieamng toolsdiffet frem Iacautdaer:%ms Haai mﬂahaﬁdayreaowaar ety of

fr equenci elieart&hzﬁa%g atke %919%1@ wz h ch&?ﬁal%&ead S Qz [ﬁ Wateﬁgcv%w%e pamc e| nlg used.

often in t

251t is nom1mmdkmwha@webm@drnﬂmﬁan¢ﬂdmm$@rmﬁ@ﬁcmhemeiH@mmwmﬁgmhanlcal
particle method,added tﬁﬂ@u&?@iﬁ'a%%%é’ elﬁﬂgedt P%a?tfi Qirtgpa SRR 1H.E! e

removal is achieve enlcdl cont act Ing on ‘hen"the cont act’i ng

chem stry S|nﬁ#@%*%ﬁﬁ#@gwﬁdfﬂW@ﬂ@@ﬂmﬁéﬁ%@gﬁWH@m@ﬂ%h@ﬂ@mﬁmWﬁh@hwapf|cIe The

under et chi ng h@@@mﬁ RSB p ARy éfcg}hbr@ae@st cfh IRQBIEBkd 80 AIMMBLocPh alidionsyr f ace
| ayer is unifar él¥@rermved or, etched all over the surface of the

30substratd t Gepatigp g ’ﬁgﬂh@wys%?ﬂﬁ?&ﬁﬂﬁ§wvﬁﬁﬁ%trate or an inprint nold
or a head assenbl yin padribbeMieRaiCHbIAG Hldidsk Slahkfag@ilgayelly « theoumaber i al

under neat h the article is
Ji)trasomcs megasomcs and brushes is used to clean the hard disk media, imprint

molds and read/write head assembly part. A variety of chemicals is added for removal of
particles from hard disk media.

20 Before the invention of megasonics, ultrasonics was used. Ultrasonics has
frequencies in the range of 20 kHz to about 120 kHz.

In the hard disk industry a variety of frequencies are used ranging all the way
from 40 kHz up to 1 MHz. Quite often in the hard disk industry a frequency of about 400
kHz is being used.

25 It is now widely accepted that, in case when there is no mechanical particle
method added to the chemistry, and therefore, when particle removal is achieved by
chemical contacting only, then the contacting chemistry simply removes particles due to
underetching of the particle. The underetching theory goes as follows: a controlled
amount of the surface layer is uniformly removed or etched all over the surface of the

30 substrate to be cleaned, usually a hard disk substrate or an imprint mold or 2 head

assembly part. When etching this surface layer, the material underneath the particle is



al so etched away and this etching rel eases the particle fromthe surface.
Then, the particle is washed away. Since the current state of the
~art for renmoving particles by chem cal neans only, relies on undercut

et chi ng, an¥93PH¢¥&28t ching i ncreases with tenperature, BYENYYHESEE3far Shas
found that particle renoval efficiency increases with tenperature.
Megasoni cs on the other hand relies on cavitation to renove particles and
cavitation is not very nuch tenperature dependent. However, since
cavitation is very dependent on the dissol ved gases, it has been found t hat
megasoni cs V|brat|9§ddoesn t . renpve, many part there are no gases

cl
present . | DCur Fenighed avpy apd Bisicilinp 7S4S wﬁé@c{?ﬁ‘é’f‘e”g% Surigfeg ARGNE s vi brati on

wor ks wel | forpai'ze:ﬁmvwmm)watyl cles and with a very w de terrperature range

but the cavitation thlat% curreﬂts f? lgena!xt orr lglovqucpeéticle gy chemic 2 r?l
renove particles, AlSolaSHEGEETHE att erns s cfvéﬁ ’38”’?13 4 d| sks
are starting tmolisse usdsoit emhnrgl gndp@m@whnadmswésazcésemwme teheydnape fant  nol ds

used for Mﬁg%%d‘ﬁ%ﬁ% %&,g] ﬁwﬂ%lﬁ‘%‘%e Eer terns. Indeed, 15

the patterns on the rint vanced t echnol ogi es
of hard di sk manuf é@gwm%gmawﬂwé&@ﬁf%% @tﬁa@fﬁé}w ttha@vetpﬁfélylew@ very fragile

and are very Qfagﬁﬁort1@né‘ﬂ%mcﬁ%p%ﬂ&gﬁpellmwwv&eberpﬁﬁcte@iﬂaﬁdn%@\%r}sOrmt' nes
as small as 22nmin 1 dlgE ﬁ,l ﬁ rge%etsonl csn@ower or. rat her any

cavi tation wi |9ePYeLf pie digeke %5’?%# & Degplgupddiai §a58'§ﬁ3a@1éat§3fl§i”?“§tto be a
pr obl em when tzlé}ﬁovi@&iahﬁﬁm(ﬂatsmnﬁ%@ﬂé&l@%%ﬂ;ﬂnﬁrenﬁ han 0.3 gm 20Therefore, a
new met hod for rr(gw n i sks and

of the
i nprint nofds with ’ﬁﬂen%ér’rﬁﬁamn qdﬁadmf ra’éa‘ljrl rgemeﬁaspﬁfs ‘gga%mnvéo glc} The
under et chi ng mewdvagipgmirlesvmid otithd ey wWidst terdigenage ranbe bhirthgyial gatist whlclu ﬂne es,

novever can al,ag Bk BELeH AR Req LGS hISS! IUELULES @150 STl |,

t hat underetchl renove val ua e mate fromt surface. This is
the current c Ipétaims Ayl phirngdbberd disks aigstatBg fousp a@écﬁﬂvw phtterned surfapgsnésleo t he

paradox: mechapi;Gak Rl L&k ?or%ﬂ&!&ﬁnn%@%%sksb&vy $&4 H AN TR Sl Bliecd MRl |

particle removal, since it also damages t fine patterns, and conventional

cheni cal pHr t fePaterms o s hatsydisshensrspiety P}‘?&IS %ﬁ‘ﬁt“e echiglegienafyimgilisk because

of loss of Suﬁlfaﬁﬁ&hﬁ‘ﬁg@ﬂe'b@donﬂ‘ﬂg&@BmhlSthﬂ@Mty%reSv‘éQrSﬁa%ﬂé mlarmwpr@fe 4 he surface.
30Even in those cases where the substrate is CO% 1¥|‘H‘£| at and. where

damage is not SCHBHEFAABEAR XBRELH RO S8 iR @ oFogsiop snal |

particles, thegymghamicCgdwer or rather any cavitation will destroy such patterns. Megasonics
damage starts to be a problem when the pattern sizes become smalier than 0.3 um.

20 Therefors, a new method for removing small particles from the surface of the
disks and imprint molds without damaging the fragile structures is necessary, The
underetching mechanism, which does not damage the fragile structures, however can
also not be used anyniore, since the structurss are so small, that underetching would
remove valuable material from the surface. This 15 the current cleaning paradox that we

25 are faced with.

Hence the paradox: mechanical particle removal cannot be used anymore for
small particle removal, since it also damages the fine patterns, and conventional chemical
particle removal by underetching cannot be used anymore, because of loss of surface
material which is now a substantia} part of the surface. )

30 Bven in those cases where the substrate is completely flat and where damage is

not a paramount concern, it has been found that for very small particles, the mechanical
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met hods are not effective anynore. Mechani cal nethods to renove particles,
such as, but not limted to, brush scrubbing, spray aerosol bonbardnent,
and ultrasoni c and negasonic vibration, are very effective for the |arge
particles, BW200gG6e83 efficiency for the very small part PEVES200$83G8, there
is a need for an inproved chem cal nethod to renove 5these very snall
particles even on substrates without patterns. This is the case for current
generation hard disks. This is also the case for the read/ wite head
assenbl i es. As a summary, there is a great need in the hard disk
industry for a solution and a nethod and an apparatus that can renove snall
particles fronmetedstrant efEpiie aprmasadiechingal methidsfarenpaiosrtiahs sidhseibit nol ds

wi t hout damagi pg itk &lﬂ?@h@@m%gn@r@merommmwmﬂ&t sudbst-aRhic akg under et chi ng
of the surface materi aI There is_a general need for an |%§roved chem cal

met hod to remoPEeseHA Y "ﬁ’é’r“tﬁ‘“’c?’e@éefg\?‘é terhe tss PREE e PRt oo ffcipsy {8 E such as
conventi onal ha&ﬂmﬂmﬁﬁﬁwﬁmdmmm1headhmmmiﬁrhﬁaﬂmﬁaﬂﬁmhhaﬁﬁﬁmﬁhmen@eﬂeraIIy,
none of the_present icientl nmyve Vv I

parti ol es. 8 nEe Heimi e B R S S Sl Bl TS B R ¢ o
smal | 15 partlgmgmxamdﬂmﬂbtTb@mmheﬂaua%ehthWMmemh@ﬁ@ﬂmc@hwnethods are not
very effective for WLy liBldePRL il £8 in HaRl diiindldy HPEIRRE aRfOVI de for

an inproved chenic ve ver part es nore
efficiently. SUNMARY QRpPFHEY REEMNTICORY lipartiplps frwéleéﬁoé@éhtor baskefAtion is a

met hod and cl e(ﬁmreglsmnm&mt h0is FliRANIASgRe BRI flrsks ARAL@oLhard di sk), or
an inprint nold used t he manuf acturi ng ? a hard disk or a read/wite

head assenﬁqy5ﬁ§ﬂﬁﬂaTW@“W@Fﬁdﬁﬂﬁéﬁﬁ??@@§“¥ﬁ%m@ﬂ%%%mﬁ?“E8h@éﬁﬂFﬁ§W§isurface

of the part wculanzaalq{e@la@tonanwlsﬂam PIMTRNPE BRdos@btednRhymathoxylat e pol ymer
or an et hoxyl at ed m n remyin the cleaning solution from
the surface. Z8"A n@ Wéﬁi%ﬂ@cﬁﬁﬁ “@?@ﬁ@ PFFTHE  net hod i ncl ude appl yi ng
acoustic energy to tMecgteaily, mgm@thﬂpmmtﬁrkdo&mﬂnhtﬁmﬁamga ¢fhdercly eamiveg by

rinsing the sycf aC % %\znlr%chhes asn{cle gﬁ%%t%gth% %e{%angn té:,\cnhltllquegﬁ%)g\é ef lélnc ;‘op ?mﬁf)pl I cation

of acoustic ene? Imsing sol ng sol ution of
this invents omantzslewédlofat@lf ﬂneemwﬂn@l@mlymxmp@me@adsmrmceserﬁf pﬁmwm@r surface

d/ he b . i dia 30
and/or the e\{ggly Qb @ﬁ&ﬁ%ﬁg@g g SHPRAT %ﬁe%&%m@@dwﬂcm@éﬁ Jidi a

substrate or ( int nanufacturlng of ‘such hard di sks,
or a read/mmlF@MWea@YaB%%ﬁﬁW?S pareteffickdy.cl eani ng sol ution conprises a
pol ycar boxyl at e

SUMMARY OF THE INVENTION

29 Briefly, the present invention is a method and cleaning solution for cleaning a
hard disk media (hard disk), or an imprint mold used in the manufacturing of a hard disk
or a read/write head assembly part. The method comprises the steps of contactinga
surface of the part with a cleaning solution comprised of a polycarboxylate polymer or
an ethoxylated polyamine; and then removing the cleaning solution from the surface.

25 Additional optional steps in the method include applying acoustic energy to the cleaning
solution and following the cleaning by rinsing the surface with a rinsing solution with or
without the application of acoustic energy to the rinsing solution.

The cleaning solution of this invention is used for removing submicron particies
from the surface and/or the bevel of an electronic substrate such as a hard disk media

30  substrate or an imprint mold used in the manufacturing of such hard disks, or a

read/write head assembly part. The cleaning solution comprises a polycarboxylate

3



pol ymer or an et hoxyl ated pol yam ne. The pol ycarboxyl ate pol yner of the
present invention conprises honopol yners or copolyners of acrylic acid,

nmet hacrylic acid, maleic acid, fumaric acid, itaconic acid, and the |ike.
Al t er nat i veMp 28¢#08¢28bxy| at ed pol yamine is used in the sBFUTFEA S enove
particles fromthe surfaces and or bevel of an 5 electronic substrate such
as a hard disk or an inprint nold used in the manufacturing of such hard
disks or a read/wite head assenbly part. The sol ution which either
contains a concentrated pol ycarboxyl ate polymer or a concentrated

et hoxyl ated pol yam ne or both and nay _al so additionall ntain a base or
an aci d, can bBOIgBY io(/@‘r"éllﬂ’xﬁﬁte@:?)ﬂ%aérﬁ?‘%/E?W?Wﬁrgﬂﬁy;ﬂt&f"ﬁ%% Ofi‘ig? PE¥8t at point of
use and t hen 1Qveitispensecks abme@hhact @dopaiyntehenfatryiceerl, methidngicheidel of an

el ectroni c substrate such. as .a hard di sk .or.Jnprint. | d used. iin the
manuf act uri ng Wleﬁﬁ‘i‘fﬁ%\ﬁ%ﬁfﬁ T o aé“dl’ s %/\%etngh méa%‘der{ognseén%(ygte%art. The
di spensi ng andpdyardiceaumidiy teesdfugen wirengivagarbgied fomathk yurbass sbéodard ved out at

subanbi ent {enperat.u F]LS@/, ratffg_u A & gﬁ%&%ﬁk%aﬂ%ﬁm AT g fnqgé lggnufaéglﬁng of

t et ramet hyl anmoni um hydr oxi cholI'ne can be added and in addition or
al ter nati vel y, sugishaghdigfrionereatigrite 4824838 MPAR0l ani ne and a bi oci de can be

added. Al ternativehye Qlutbfwa@E bitHePtdntats 8 Ubdcag i boldRdioryia@ psipaasteri ng
agent can be added. After dilution or en_undi | ut of the solutions

e d, an
of the inventiGRceREHedsEhosylagd P@W“%Pﬂ%&“ﬁ IBaYc‘?‘Sé’élﬂglf‘W@ﬁ% HER"Bt Tan
el ectroni ¢ subgtatiadl@n buEdvasd ia chaessirackid Sdemaind &3n dilgeedi anpoinmilf dscus@died N t he
manuf acturing of such hard disks. .20The sol ution can. also be used to clean
the bevel of t sé’elégf’(g%rtcf’%ﬁo?e(? Ogtsﬁlgss?lffaéctcé)r%ﬁgﬁef;@sﬁ]agg %Tr"a“’a\’bs?l%‘“ ﬁlﬁga ‘evel can be
cl eaned with eagldis obmysint wold asadegts oandaonozg besutholged digy orwirtdd/virhe sol uti on
of this inventjon. t I ' r Lar L w th any
of the sol uti ohﬁ%(pag?emtbmpéﬁﬁ]h\?g%? %Sﬁg Qiécﬂcg cFSe%f? rﬂﬁ#g{?pﬁ%g s¥ %%ﬁ l_gga}éi%lﬁsed from
the hard di sk camidd or apabaibisntitefaeretureThd base aadhpgyanmepue Avdredidco be assi st ed

With @ SPray QleldSlnbnith s ERAASAMNCSm b0 if BUHAL dRARALA _
cavitation if fragile structures are present on the surface. The ‘damagi ng

cavi t at i onlicantpaingysh degorythaiolarare 1d e bigsidpepnde adisidimgaEo by usi ng

hi gh frequenc)édﬂ@&@§ﬂ@fa@t§nta§%r%@em%8 dnfMn Gk adiel. DRAW NGS 30The
invention is best understood from.th 0 %ﬂ?w nu% det %{el,ed descr'(ipti on when
read in connecti onAW"thut{"Hér%F@EB%ﬁﬁ 2R O PSRRI Of fhe PENERSAL WEY t hat |
accordi ng to uwCORPRA P EROT the€Qufatd o a SledtOuS sitRaittiguels asof hatdhdskdrasd ng are not

to scale. On the, conltdrar i@kes various features are

v, .the di nensions. of .t
arbitrarily eXPaR4&d &Fedr’%ﬁ’ﬁénéla%?cg'?mglog?uidf @Eﬁ_rdfincl uded are the foll owi ng

figures: 20 The schrtion can also be used to clean the bevel of the electronic substrate such as
a hard disk. The bevel can be cleaned with ¢.g. a brush or a megasonic nozzle together
with the solution of this invention.
After cleaning the surface or the bevel with any of the solutions of this invention,
the solufion needs to be rinsed from the hard disk and/or bevel surface. The rinsing step
25 can also be assisted with a spray or brush or with megasonics, without causing damaging
cavitation if fragile structures are present on the surface. The démaging cavitation can be

avoided by either not using dissolved gas or by using high frequency megasonics.

BRIEF DESCRIPTION OF THE DRAWINGS
30 The invention is best understoed from the following detailed description when

read in connection with the accompanying drawings. It is emphasized that, according to
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FIG | is a schematic diagramof a single inprint nold spin-spray system
5according to the present invention for renoving small particles fromthe
front side of the inprint nold; FIG 2 is a schematic representation
of a nozzl eW@EPE7¢Be sol uti on of pol ycar boxyl ate polynﬁ?wgﬁm@@W8?9lated
pol yam ne is accelerated by a N2 or CDA gas fl ow outside the nozzl e body;
10FIG 3 is a schematic diagramof a single inprint nold spin-spray system
according to the present invention for renoving snmall and |arge particles
fromthe front side of the inprint nold; and FIG 4 is a schematic
top view of various transducers %hat can be used in the %%gferred

enbodi ment  shoSPReT AEtece Bie vies ep st et atine AE "Pirip sseli Chdherontissy.

DESCRI PTI ON OFthd HimeRRs GRRER - oMBeiMENT Shikkatlyeapin gl « edduded oot cused in t he
pr esent invent'qn %anﬁiéﬁs'a golyparboxylate pol ynmer solution. In one
enbodi nent, t hESBENEEPHERYT'AE €831 yners may conpri se honopol yrei s or

copol yners of acrylFi@ ldci gthernatt Hagmmplof €siage dpprimbineidcpiacpmdy syktamar i ¢ 20aci d,

| taconi ¢ acld A0abif bk Sen WIERhG LESVRORRRAMER ol So H5Rdie bhnd

intended that 1t ni tion, rs that nmay contain
quantities of apdutmadd nol e percent or |ess, of one or nore conononers. In

other words, a pol ¥ffen ;CoRLa Ak RGrekiatith 4Q RBhewReF B8 MuRh ogOMONOMErs W | |

still be considered a honopolyner.lThe ?IeanLng squtionTn%y al so conpri se

a bl end of the HE8EYEH RPERhIHENOREIRA ds acsepsated PryNapiGPA St abl e

pol ycar boxy!| atmwpatymeiso€vdqay:epar ed from nononers havi ng the general

formuila ( F([)OI’ mila | }IG ?95 aRs%heE\)nzaﬁc diagram of a single imprint mold spin-spray system
according to the present invention for removing small and large particles from the front
side of the imprint moid; and

FIG. 4 is a schematic top view of various fransducers that can be used in the

preferred embodiment shown in Fig. 3, positioned below the imprint mold.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS
A cleaning solution used in the present invention comprises a polycarboxylate

polymer solution. In one embodiment, the polycarboxylate polymers may comprise
homopolymers or copolymers of acrylic acid, methacrylic acid, maleic acid, fumaric

20 acid, itaconic acid and the like. When the term homopolymer is used, it is intended that it
includes by definition, polymers that may contain quantitics of about 20 mole percent or
less, of one or more comonomers. In other words, a polymer containing up to 20 mole
percent of comonomers will still be considered a homopolymer, The cleaning solution
may also comprise 2 blend of the above polycarboxylate polymers,

25 Particularly suitable polycarboxylate polymers are prepared from monomniers

having the general formula (Formuia 1):
R1 R2
H I
H-C=C
t

" COOH



1 HC-CCOOH and R 2 is either a hydrogen aton(T) or nethyl ruth cal
representi, A polycarboxyl ate pol yonopol yr er) formed from nononers of this
can be schematically represented by the following forum Were R may be H
or C001 (c ®oydops/o7azsmd i1 d2 may heor CH2COOH. I n speci f iPETRABOYISIEL S, t he
nmononer may be acrylic ac. ( nmerhaerylic add (Rl - Hand R2 - Me). In other
enbodi nents, the nononers | maletc acid (Rl - COOH and R2 i, with the
carboxylic, acid groups in the cis configuration); fumaric acid (R 1 COOH
and R2 - ft with th%%@fre%m ci@x%tphyg%g#pﬁoﬂx?{ P l3NR:CQRE YT ati on) ;
and | lama-tic acid Pol year boxyl at e pol yners
(copol yners) co%ﬁ%‘i&‘hb’%@nbl natl ons of these m)norrer units may al so be
used (e.g. formula ﬁyaybezl m&d}!awaﬁﬁﬁﬁfoaﬁrmma@t RrPal YRS RER oBthis type

mal eittiolefin co =T 399! megf rt QE&}QQJJMC"’V boxyl am pol ymer
conprises a copdl'y F6m et el ¢ an e and“a | ower ol efin.
Preferably the nai & anhydr i de m)norrermha%,.t he followng formula la 3):

!
~

er Q:J
"

PC xuyeﬁausem ‘"i...f

i .,
-
H f"{};H
i
Where B may be H or COOH (carboxyl); and RE may be H, Mo or
CHOOOH.
In specific embodiments, the monomer may be acrylic acid (RT and R2 arve #j or
methacrvlic acid (R] = Hand K2 = Me). In oder emsbodinents, o monomers may be
15 maleic acid R1 = COOH and R2 = 1, with the carboxyiic acid groups in the cis
configuretiony; fumaerie acid (R1 = COOH and R2 = F{, with the carbaxylic acid groups
i the frans configuration); and taconic acid (R1 = H and R2 = CHUOOH).
Polvearboxylate polyimers (copolyrers) comprising combinations of these monomer
unis may also be used {e.g. Forrmula 5, below),

Other suitable polymers are & maleio/olefin copolymer. This embodiment of the

=1
o

nolyearboxylate polvimer comprises & capolymer derived from maleic anhydnde and a

lower olefin. Preforably the maleic anbydride monomer has the following {ormula

Formula 3):

o
15
a8 7
> R1-C O,
i
R2-C-C .
N* L
L4

where R} and R2 are independently H, an sikyl or a phenyl group. Mosi preterably R
3 and R2 are M. The lowsr afefin component is ¢.g. ethylene, propylene, isopropylene,

butylens or ispbutvlene and most preferably ethylene. This maleic/olefin copolymer can



where PA and P.2 are independently fl, an al kyl or a phenyl group. Most
preferably RI 30and R2 are H The | ower olefin conponent is e.g. ethylene,
pro: opyl ene, butyl ene or isobnlyiene and nost preferabl | ene. This

nal el ef i n COPEIYNER3Tai be added toe suitable acrylic é‘&T’H %?8’%7?ﬁacr ylic
acid i mmopel yner or copolyner. The ciolefin copolynmer has the fbrinuth
(Formula 4): HH 1 cC HHCO2H O her suitable poiycarboxylate polyners arc
polyn of Enden: acid. Still other suitable polycarboxylate polynmers are
acrylic acidi ma).gifq aci JiGQROANIBLS, WehEhy G AR hensRRLRSARE R e harat i cal |y
bythefollovmngforrrula(‘ForrruIa ﬁé15004 GO, H CO.H Formula 5 is
a eopoi ynet of ‘ﬁi’d‘ﬂ/ﬁ‘éwr‘"’%’t‘d’é‘“ SHECHTTY il watie s In the schem representation
above, the first group is an aeryl atit gr oup and the second group is a

mal eat e group. An aqcryl ;ﬁ ho[roﬁol ymer can be schematically

repr esent ed by e followggdo @trgjgjur@( orma& 6):

: oty -
L | K
H o H COH  GOH
Oither suitable poivearboxviate polymers are polymaleic acids, fe. homopolymers
of maleic acid, Sti#l other suitable polycarhboxyiate polvmers are acrvlic acid/maleio acid
Ho copcﬂvmer\ which can be represgnted schematically by the toliowing forroula (Formula

B35 H N
‘ i 4

! +
i

z ""“sl"ﬂ P
C~C+~C~ Cl
|

=

?{L"{ Eﬂ_y

Ho GO 00 GOM

)

Formula 5 is a copolymer of palyacrvlates and polymaleates. In the schematic
representation above, the first group 1s an acrylate group end the second group is a
msleate group,

An acrylic homopolyiner can be schemativally represented by the feilowing

w5 sbucture {Formual 65 H H
. i l —
.{ C ..J..
]
H o, H

The average motecular weight of the poiycar!.ﬁaxy%ate poelymers given by
Formulas 1-6 can vary between 300 and 1600000 Datton. Preferably the average
melecular weight ts between SO0 snd 200000, even more preferably between 1004 and
35 000G and most preforably between 2000 and 10000,
A narticularly good copolymer for use in the present invention is a 50/50
acrvlic/maleic copolymer (Formuia 5) with an average mofscular weight of ahout 3060

Dialton.



H CC3-3XHGCH The avert).ge noil ecul ar wei ght of the

pol yout oxyl ate pol yners given by Formulas 1-6 can vary.en 300 and 1000000
Dalton. Prefirably the average nol ecul ar weight is between 500 and 200000,
even nore pWeREPAR?2$H bet ween 1000 and S0000 and nost prBFEPEMIEIENEE ween

2000 anti 10000. A particularly good copolyner for use in the present
invention S a 50/50 ae.rvhe/nal eie. copolynmer (Formula 5) with an average
nol ecul ar wei ght about 3000 Dalton. 7 Such an acrylic acid/ maleic

acid copolymer, or an acrylic honopolyner, or a polycarboxylate polyner in

general is typically synthesized by a raw material supplier and is
typi cal |y made avaiShasacivhc BidREs RRECoReVEIeH B aheew I§ HPROPREEEY 412 f or m wher e

the acid car bw;lch;@oﬁh%%ﬁy@?ﬁxga&miﬁmla@@ sﬂﬂijhe@:z&ﬁiylaﬁ‘w ni¥@shl sofpien Na+
(sodium. It can al so of. na_.concern,

i
as e.g. in cer%*13|1W%Ta§§maﬂegav81ﬂ)%gé’f P! rstB‘F (a.)‘:r‘“5 {‘?3? g 18.%‘&‘%‘%%”“ W%%ﬁtheﬁg{riler al
si tuati on wher@rtsedicgmupsaroficunraizedmcerarnion, anyt ciapph' (ealifngr ncas aII%Io bba

A opr At ey - SR AR B 0RO b Borlesf ANER! Aol Bl oQENED BPEC 1 €

cl eani ng oper Fons in n the e to use
as the starti rigradisks omit emi ghertlofuatine wadre sadiumgs 981%?1%’ BIP}EWP“W ﬁ”‘?he above

schemati c fepfxﬁﬁ%m Edp%é xgtaqk%e&@qo@igwmoﬁcerﬁ YRG! dner tReifiasikahidgor m i s
shown. For th utralzedform agrou in the formul a above

shoul d be reploaeré@nbyﬂarddeﬁma o thsippid Wi %‘f@f freo Bee@amie s§88IA%t i on of this
i nvention, watgherapPlorial Scstlatssiugin Waubaxpe sbsvepelonary Spasndestof ied above

2 Kali ot d PR, SR B EPTUE S PS8 aPY) ARG S The 15

carboxylic polgydﬁpmszhafoemwmwetlmdldﬂaelet)}aeedcbesalataﬂag@hm by reaction of the

e byt oot | or BRI A8 i By E AL SBler AL Lud LESABAD & o2 1 can
"0 pol e.g.” amo

be made by reactio e acl orm ni um
hydr oxi de, tetpbameﬂslaydleacmbbmhspmWchpmﬂdemﬁmdﬁﬁﬂermmSCﬁithlc%lte'@rﬁCng hard di sk

medi a al kal i rr%&'e?ab? a%ﬂ%[] ﬁle ay aﬁl%nltaﬁ ot %@mt&b ﬁérhiﬁ’&/ mﬂﬁ;ﬂ%ﬂ? Saﬁaﬂlcbe
preferably sodium assi um w th potassi u bei n 3/
15 carboxylic polymers are converted to the desired salt by reaction of the acid form with

the appropriate base, A typical alkali free soluble salt can be made by reaction of the
polymer in the acid form with e.g. ammonium hydroxide, tetramethylammonium
hydroxide or choline. For cleaning hard disk media alkali metals generally can be used.
The alkali metals can be preferably sodium or potassium, with potassium being mostly

20  preferred from a solubility and performance point of view. If costis the main concern,
then the sedium salt is preferred.

Typically the polycarboxylate polymer of this invention is added to a base in
concentrated form at the chemical solution blending plant, Quite often the base will be
NH,4OH, but it can also be TMAH (Tetra Methyl Ammonium Hydroxide) or choline or

25 any other Base that is suitable for the cleaning operation. Alternatively the base will be
KOH or NH4OH, but any other base can be used as well. This concentrated solution is
then typically shipped to the manufacturing plant where the cleaning operation will be
performed. At this manufacturing plant, the concentrated solution will be diluted with
H,0 and or other chemicals to make up the cleaning solution. However, the

30 polycarboxylate polymer can alse be shipped in the actd form and then the base gets

added at the fab, where the cleaning operation is performed.

8



20 preferred froma solubility and performance point of view |If cost is
the main concern, then the sodiumsalt is preferred. Typically the
pol ycar boxyl ate pol yner of this invention is added to a base in

concent r at eWORYPMTAE3 t he chenical solution blending pl afft/UBI0E St t en t he
base will be NH4OH, but it can also be TMAH (Tetra Methyl Ammonium

Hydr oxi de) or choline or 25 any other base that is suitable for the

cl eaning operation. Alternatively the base will be KOH or NH4CH, but any
ot her base can be used as well. This concentrated solution is then
typically shipped to the manufacturin | ant where the cleanin eration
wi |l be performed. ARermpthely fﬁ@ﬁﬁ?%‘i&‘f‘]ﬁ?ﬁﬁgpﬁwﬁﬁfﬂFfﬁa’w&%‘?‘f‘cpéﬁ?’ina‘? gﬂ’qjgol ution
wi Il be dil ut egleqvintRickiZf: @ngonto rahdveparddiesri cal s to make up the cl eaning
sol ution. However, _the 30, polycar |.at e polyner can also. be .shi pped in
the acid form and ?ﬂ‘gwa?%gﬁﬁggtéox @?"‘?5%%189%{ Xﬁeﬁgcofr a ,%\}\ﬁglrnéen{i ﬁrgﬁag | eani ng
operation is poefobowieggeneral formulNFomrrati vely to the pol ycar boxyl ate

pol ymers, ap ethoxylated pol yam ne can be used in a cleaning solution to
remove particles. Schemati cal ly, -an et hoxyl ateéd pol yam ne for use
according to this invention has the follow ng generjal formula (Fornmula 7):
(EO) N (EO)" (CH2),N ((E%xx_LEQ\J\L JfQHg)n%T
’ m

(EOK (EO)

(EQ)

10
where EQ is the oxyethylene moiety (-CH2CH;0-). The preferred ranges are as follows:

the value of x ranges from 1 to 100, the value of n ranges from 1 to 30 and the value of m
ranges from | to 30. The last EO is typically terminated with H {not shown in the
schematical formula). A particular useful ethoxylated polyamine is the ethoxylated

(5  pentamine where x=15, n=2 and m= 4. Schematically, the structure of the ethoxylated

pentamine, which is very useful for the carrent invention, is as foliows (Formula 8):

0 . €0,
(CH2) (CH2 - (CHEK / N
20 (EOhs (EOQ}s (EOhs (EQhg

Another useful compound for use in the current invention is the ethoxylated,

quatemized diamine with the following structure (Formula 9):

(CH2)
25 (CH2) /
I /\/\/\/ T ~EOLH
H(EO), — zl\s copH

- (EQ)yH



where EO is the oxyethylene noiety (-CH2CH20-). The preferred ranges are as
follows: the value of x ranges from1 to 100, the value of n ranges from1l
to 30 and the value of mranges fromlto 30. The last BOis typically
termi nat ed WA $Hdt shown in the schematical fornul afCTASHAFISSERI ar
useful ethoxylatcd polyamne is the ethoxyl ated pentam ne where x=15, n=2
and nmr 4. Schematically, the structure of the ethoxylated pentam nc, which
is very useful for the current invention, is as follows (Fornula 8):

(E0) 15(E0) 15 (CH21ACH2) (CH2) _ v(CH2k/ (EQ)1 5----- N - N/
f (CH2) (CH2) - - - (CHR).(CHR) - - - N 20( EO) 15( E0) 15( EQ) 15(EQ) 15 Anot her
useful conpound forT(hﬁ§@°¥y|lFt9(dH’€Iyé’HW8W‘(si‘“rY\‘?B‘rﬁ’Pi“ﬁ ypisaibiRe addgdky| at ed,

quat erni zed di adcsi@ztd folin t@aki @b b oMinig! Siutos intheblbgpina T9)ically the( EO) 24. H
The et hoxyl at ed, po m ne_.of is.inventign will typi.cally be added in
concent r at ed f%tf"%yla}oégﬁﬁi@mﬁ%wg} gﬁieeﬂ‘i{egérfqo g6l ?eé'ﬁﬁisﬁﬁfl%orﬁ?’léﬂﬁf ﬁog“tlﬁll'ant .
Typi cal Iy the et hoxpltethepbipaibyaiatayeiywmel folpen bhetheetloiyhta pelykhiae ca baeut r al
solutlon of s an.Baldle, ?o@LéﬁErth@sohﬁ%%iﬂ%&ﬁ?%a@&|%g%5£,%h%§i§%ﬂ9l ymer sol ution

and the ethoxylated polyam ne can supplied as a contentrated sol ution
Wi t hout base. rdxseberylateppdmensqlyign fhslepirghest dids pr mpeinpoeijsrsreadoirite | on f or
cl eaning hard g, $kSeniy batBthe Yina MRS &ganfn?@gmnli;@pibﬁ@dlsmgmnxp@arts, the
final blended cleaning solution is typically used at al kaline pH val ues,
preferably in w@i@é@é’gef%bbﬁmewswépfé§s?gﬁ?ﬁsw & ARBRIUR B garigsicneiher dpsept her
bases, are typir€gpitallyadeath increist Gk QHE the Beuin, Oifis daA®e et ih®Bemlhi S can be

done at t h?{) ¢ hn?amuggtluring or blending plant, but it can also be done at point of use. The ethoxylated
Polyamine on the other hand can be used over a wide pH range and is not limited to
alkaline pH cleaning when using this for cleaning hard disks or imprint molds or
read/write head assembly parts. Finally, Surfactants and chelating agents can also be
added.

15 After dilution of the source solution in the fab for cleaning use, the final
concentration of the polycarboxylate polymer in the cleaning solution for cleaning the
substrates and parts is preferably between 0.001% - 6% by weight. More preferably the
concentration of the polycarboxylate polymer in the cleaning solution is between 0.01%
and 2% and most preferably the polycarboxylate polymer in the cleaning solution is

20 between 0.1% and 1%. A particular good and effective concentration is about 0.6% for
fast cieaning, but the cleaning effect of the polycarboxylate polymer on hard disks and
imprint molds and read/write head assembly parts can even be observed down to
0.001%. There is a trade-off between concentration and cleaning time, At lower
concentration the cleaning effect of the polycarboxylate polymer can be observed at

25 longer cleaning times, whereas at higher concentration, even for short contacting times,
the cleaning effect is already clearly seen.
When using the ethoxylated polyamine for cleaning hard disk media, and imprint
molds and read/write head assembly parts, the concentration ranges for the ethoxylated
polyamine are preferably at concentrations between 0.001% and 5% and more preferably

30 between 0.01% and 2% ad most preferably between 0.1% and 1%.
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to manufacturing or blending plant, but it can al so be done at point of
use. The et hoxyl ated Pol yam ne on the other hand can be used over a w de pH

range and i$s n20t9(I7i r3n ted to al kaline pH cl eani ng when usi n/g this for
cl eani ng hal'd AP&KE*br imprint nolds or read/wiite head SSEEHEYPSHart s,
Finally, Surfactants and chel ati ng agents can al so be added. 15After

dilution of the source solution in the fab for cleaning use, the final
concentration of the pol ycarboxylate polynmer in the cleaning solution for
cl eaning the substrates and parts is preferably between 0.001% - 6% by

wei ght. More preferably the congentration of .th | ycar boxyl ate polymer in
t he cl eani ng sol ut i@ﬁw%ﬁg’ we??(/i\%cé’%%@flﬁg%i}é%% 055%65%8’9 y%%%’dfPOT re “érc‘érbt?ey t he
pol ycar boxy| at epplaidynte fabm 4 deeceotraahiohgos othidhi camthpsb2dioet web 10t and 1%

A particul ar goad,and.ChtAChL ¥Gom@DEROLE Al ihﬁzg%QF iofl APl RS
cl eaning, but the cleaning efféct of the polycarboxylate ol ymer oh hard
di sks and i npr§oneenftsicast s RelyaEyy e PelEmEEAd carss st yoperspitiensnéven be

observed down d,gn1Q400d% itTReMLBIY BmRintsh@tBweilkt shaivneeniGensantr ati on and
cleaning tine. At |ower concentrati Q@ the cl eani n,gJlil effect of the

pol ycar boxy| at B OIS/ 08 FXREBYS DB PBEEFYEJORT CORPHHYRM &t BaHrhy Tslifgs wher eas
at hi gher conoepiresatdwansteraV@its hod healrob teda@bafial Rlps biidms metthadal eani ng

effect is already clearly seen. Wen. using the. ethoxyl ated pol yam ne
For “cl eani ng i yef SR sl amy it HP SR o FaShP R Peat
assenbl y part sguipient thethic emty &t ibriing dagescd onceptaior irhropey-fiatdatilupel yam ne are

preferably. at t r.ati 0 0 . : rably 30
Dot ween 0 Bocand oo g aar SRAAERD s TR D G P O R BEED 1
t he pol ycar box§scatherqispiprratatopolings caepisseiommaen ypnlipd trcpberodth epethsuppl i ed to

the fab in a cgnednt i &iQ@nSeliWtddaP be WHiteH GARWENE TRt LiskEdinWdeh D wat er
and with other chemcals at point-of-use or centrally in the fab to yield

the final cledniyheose W?@?@Wﬁcﬁ@ti%ﬂcﬁ%@%M‘Ph!'flcfée'ﬁéqdyﬁ%’r in a
concentrat ed 30wnaeeHOheab ey 8&ibebe ubfURRE 26 GhosRnt Gill feguikahdlbi ity 1imt
in such a source . solution in order to reduce_transportation expenses, but
subst ant i al y “FYRESORBMERIEA £ BHYe 8%615‘3“%%3&6 ?E“%&@I ‘?faﬂ@z. %’.IYCFB‘B?H{?W ess raw
mat eri al cost polghe dagndseontiv mobdueevdighe For halineat@spdhfcudexyade pdiendd ended
with a motecular weight between 300 and 1000 000 Daltons can be used. Higher
molecular weight polycarboxylate polymers will be less soluble than lower molecular
weight polycarboxyiate polymers. Average molecular weight numbers (3000-70 000
20 Daltons) will typically have a solubility of about 40-60%-w in water, Therefore generally
the solution can be supplied to the fab in concentrations ranging anywhere from 0.001%
to 60%. However, higher concentrations are more economical with respect fo transport
and can be diluted at higher ratios in the fab.
Ethoxylated polyamines are substantially less soluble. The ethoxylated pentaming
25 e.g has a solubility of about 5%-w in water.
Typically, the source solution supplied by the chemical blending operation will
be used in the fab for cleaning either straight (i.e. undituted), or diluted, but diluted with
water and/or other chemicals is preferable for economic reasons, i is clear that
transporting a concentrated sofution and diluting it at point-of-use with local DI water is

30  more economical than diluting at the chemical blending company and then transporting

the diluted solution over long distances.
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chem cal. OQther reasons to supply a | ower concentration is e.g. if the fab
i's using equipnment that is set up for diluting the source concentration in
a pre-fixed dilution ratio. 10E.g. typical dilution ratios used in fabs are
5 tinmes suchO"Ee&d3e. g. in a 5:1 bath. In that case, EREUVB¥IEBIFBoxyI ate
pol ymer concentration, when supplied together with e.g. the NI-140H in 1
solution, will need to be substantially lower in the source solution in
order to give the right concentration after diluting according to such a
pre-fixed ratio, Alternatively, the fab nay not be set up to handl e any
dilution and will r wretelScenln solutlon p t the use
concentration. The \g}%ﬁntﬁigﬁ”igtt BT tlﬁ’b CHPEER @%@F@ﬂ%gﬂﬁ%énds onits
nol ecul ar wei gitd. [0POO umdmmmmwamr twmkeppkmsa:rsbaxylleaﬁr@ splotigieoge Wi th a

nol ecul ar wei g n t a d. Higher

nol ecul ar wei g%gfea% car %eé P %leQngQQa%}y% 18@5“1 eggssugeso?ﬁ“t%fmewﬁhan | ower
mol ecul ar wei gmfel}o@h@}@%\ﬁrﬂb@wlabﬂeﬂdé@ agiveHs. Average nol ecul ar wei ght nunbers

(3000-70 000 20 Dah#iRR shmBhilh h%&f‘@}h@@b hdtch@vBe SnSatitbl Jobkyé&&mﬁwék 40-60% w
in water. Therefore generally the solution can be suppli fab in

concent r at i ons® PHREIFHICR ﬁWéP%POFXCBYH?’@ ARl BB M SRS FOxIds; bR r

concent r at i ONSeald@d DL @peHORDATH@E oMil-DR% SsEeGht $rOIH,S @meat;ouadad can be

diluted at high t Ethltd
Subst ant  a |y PBuet Shyiteal o al Rogpiceutepenvaimeicsaes g st

sol ubility of saibltbadmbd Bedvattend of ammonium Rydrb:aed foyma}ﬁﬁgalp&ﬁﬁﬁoﬁﬁe sol ution
suppl i ed by the caI :ﬂl din eration w e fab for
cl eani ng elyqt heriug ralvmﬁ?UES ar%'agi( %’%Fc ‘fmg)ol)eranon?ﬁpleﬁﬁ%%y%%?ﬁlC‘H’lqeﬁf Ed wi t h
wat er and/ or dldtese fghéframmalscsutloss ipstekief abmenifiohydrcodroni ¢ reasons. It is

clear that transp ceasoﬁx%‘r%ﬁsl Jléotc%gtaa%ﬂxtd b %Q@%@f%ﬁégﬂﬁc dA.z{uneat

point-of -use with oca wat er nore econom cal uting at the
chemical bl enépwl%ﬁgﬁﬁ@ﬁwnﬁﬁﬁ%%‘é@ I?Wéﬁﬁi@ﬂ’fqdﬁﬁ@l tlkpaolginingt (6 mwiskamt | on over

l'ong di st ancegyano¥igms dhdndbihH9iatbe, @&ms@ﬁo%%wmne %etw;étmbmmé %myps will be
preferably between 5. and 10 000 ti mes W|t water to make up t

substrat e €1 edisfharplassrctscoan phperlppias ofighinglamincodiemepapolppige, 2and m)st

preferably 5 tr@cﬂ%%lﬁdoﬂw&no Beeihdes, firkitdi@iohibs: wWeheldanRbd 8. chenical s can
be added as wel | . i(ngonl um h dr om%}e,l i s added to . the concentrated
source sol uti BAPPRY Wﬁcé‘ U & T"ﬁ?’?”& EBHES PR BESRSAr boxy! at e

pol ymer and anmthymnht;tdnm»opﬂbeylamm,mﬁaﬂiaﬁide@homspeatym@xm;ant ration range of
1% 28% w (wei onsi.st' of ammoni um

hydr oxi de and%’h OPexg né’xsfit’onfi @%@Y@‘F‘r@? E%Se%hy%mit bjt ﬁ‘é n%mﬁﬁ“%e%k)eln PBEEE can be
used i nst ead dkyl@utrmmeu ehthipuhdexiigeprbrienadikning tn;q@hyﬂdmetesminajand

mixtures thereof, Preferred examples of such materials include monoethanolamine,

ethylenediamine, triethylenetetramine and mixtures thereof. The most preferred is

monoethanclamine, The amount of the organic amine preferably ranges from 0.01% to

20%, and most preferably from 0.2% to 2%.

25 The source solution may also contain a biocide such as 2-Methyl-4-isothiazolin-

3-one (MIT) or Z-Methyl-4-Tsothizzolin-3-one Hydrochlorie acid {C4HINOS, HCD,

(MIFI{CA L The concentration of the biocide is preferably from Ippm to 100ppm, and

more preferably form 30-70ppm. Other biocides may be used as well. Biocides do not

affect the particle removal efficiency, but prevent any bacterial growth in the cleaning

30 solution.
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10sol ution. In various hard di sk manufacturing operations specifically, KOH
can be used as the base for cleaning solutions instead of ammoni um

hydr oxi de. source sol ution may also contain from0. 01%¢to 40% of
an organic ‘39129%’97@61 tabl e organi c am ne conpounds may Bel/SREHEE from

al kanol am nes (e.g. primary al kanol am nes: nonoet hanol am ne,

nonoi sopr opanol am ne, di et hyl et hanol am ne, et hyl 15di et hanol am ne,

secondary al kanol am nes: di et hanol am ne, dii sopropanol am ne, 2-

(et hyl am neo) eht ano, norpholine, ternary al kanol am nes: triethanol am ne,

monost yl i ne, | mBBFTYAHES SR SUNE AR e NG PR,
cycl ohexyl am nefesearistamys agdl theghydak nede ok metdytawitnegencal skkydteneani nes

e DS PN N8P S PASHL A2, oL BRY) BnA 2 D,

triethylenetetra Ter eo xarrpl es of such
mat eri al s i ncluwdenmoinoef hanolenit ehe @néppirepbdiveaseletionvel hybrelablet r ani ne and

m xtures thergQfyee @@%rm@s%mssft&@feﬁgiycgnazp@a%gm%ﬁmwA fof i anmount of the
organi c am ne pre erab y ranges fromO0.01%to 20% and nost preferably from

0.2%to 2% Wﬂ%@ﬁé@cwﬂ%ﬂ Jhe srRGenEPERy algifiETep Wi Heisae W hakedas
2- Met hy1- 4-i sati@aziab il surBe@nal 6dMrdnbl barbat fiohi 40 6 SRLRWARAL. Ths 8- one

Hydrochloric acid (CAl - F}‘}ﬁ" oncentration_of .the biocide
is prefer abl y PG | PBBWP?B% "%ﬁg‘%ﬁ%"?ﬁb BF SPCSPUFOPRISTHOBom ot her
bi oci des nmay hell bisktvas !yl a.ndBOOpﬁde& stidachots dafbecbsuhhiglypapbiche renoval
effici encygo b“t r?éﬁ?%m O%aéuay Elt%{a.ly ?cgire&’%’“:l}lpmve&ewe leag)%ﬂg}gl?/?’gf%gl ution.

Sur f act ant NONT1 ORI € "SUT'T S are
preferred. Pr eaﬁiemqneﬁnsxsmipamallymb@ulamélydrh@ioemhwfa@ﬁfe oxi de type surfactants

wi th a general strélt,%}tEI {egn%% emg&}cggg%ggl%ﬁe Fearh9909e e i@sC surfactant is

D12H250( C2H40) 11H e co ntrati surfactant in the concentrated
sour ce sol uti ewuesitdring precoppleriag alshylaBgetniicenthe nitogarrgnBying KMsBexylt ef er abl y

concentrati 0n%@Jﬁd%%59Qn&m%%ete@aac&new{a@m \A#r@td?e@hﬁe@mﬁ&ﬁna@ht%&n The
concentration after dildtion with water and en used for cleaning the

surfaces wil | a%@%@é’ﬂé@élﬁ?‘}ﬁ%’éﬁ‘%ﬁ@@%ﬁ%1“3&‘@"@“ wfogy BltiRe b tvateriids s

bet ween | ppm angh @Qﬂﬁp&mnb;g t}mh@&a&wzmé erepidieicatley 1008 £OBORPHI ation after
dilution will be between %g) ?loolglgrm The s #rfacti s. do .not

subst ant i al | ySTHpYOVE 28RS 99 tﬁ&?'gfaf‘%al ARV AT PR PR f/grmﬁrl‘ﬁ’ %ﬁf‘“be added
to i nprove the:aseédib ﬂ@pr@@ﬂﬂd&hét&lhgﬂr@hrnyheposmbmbﬁthmclea]ﬁmgspdrsloes pecial l'y
useful ~on hydr Oph%%ﬁ;ﬂ&?ﬁgﬁm %‘%ﬁ? inveml w:th qgk%sb%gyiétp goiy%g%%ﬁmx% pa%%ms)l exi ng

agents can al so be erred sequesterin exi'ng or chel ating
agent s ar eot habsiattipibgetterthantcanyehingaicanmiyoiyi hydroat;ir: dsly scuuimna@'DWH in the

et hyl enedi am I;he&gllc Fo?@i%ﬁﬁﬁg‘%mﬁﬁﬁt%oﬁcﬁDTA) and di et hyl enetri am nepent aacetic

The solution with polycarboxylate polymers or ethoxylated polyamines with or
without amines, surfactants and or sequestering agents and other chemicals added can be
contacted on the substrate of the hard disk or imprint mold or read/write head assembly

25  part in a bath or immersion type apparatus, which can be single substrate or batch, orin a
spinning substrate type apparatus, which can also be single substrate or batch or in a
horizontal conveyor belt style apparatus or in apy other apparatus type suitable for
contacting one or more substrates or parts with a sofution with polycarboxylate polymers
or ethoxylated polyamines with or without NH,OH or KOH or other chemicals added

36 and with or without amines, surfactants and or sequestering agents added.
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15 acid (DTPA). The concentration of the sequestering agent after dilution
with water and when used for cleaning the surfaces will be preferably

bet ween | Oppm and 500ppm Sequestering agents do not substantially inprove
the particl @orewvessefficiency, but can be added to i nBF&VE2HHE Rtallic
inmpurity deposition of the cleaning operation. The solutions of this
invention with polycarboxyl ate polynmers renove particles 20 substantially
better than conventional ammoni um hydroxi de only sol utions, known in the
prior art for cleaning inprint nolds. The solution with

pol ycar boxyl ate pol yners or et hoxyl ated pol yamnes with or. wthout am nes,
surfactants and or %’éﬁﬁ‘ﬁéé‘ts gt %%%ﬁ‘t‘%m&‘ﬁélm&‘( Retddehiodhecgivdonfed can be
contacted on tg@y@u:laﬁﬁﬁtab@y@&s whigodvaithdut AN ESIOHOST KORD 6 amjz omr)ilﬂseOAddI@.d/ wite
head assenbly n a iLch can be
si ngl e subst rane’p absf?ﬁfeéﬁ thBP‘“PW“&“é?% mtguq%uést rngﬁ) mlfl pegéﬁﬁg%r atus, which
can al so be si bgheet isusa aﬁemﬁoacltybamma}obc adne@orﬁ@rsplztmt aI conveyor beIt

styl e appargtus or 4 &l QI aﬁémasx%sdhgﬁeh}é@m;a % GRRLAEL T Ng_one
or nore subsStrates or a so ution ear boxyl ate pol yners
or et hoxyl at edbgioipyeard ﬁl@E Ihmsmff'cﬂﬂﬂwﬂtﬂglb’ﬁb aIRIPW@‘PQ?}V}ﬁK@lY@PY %Fﬁé’ﬁyi%ﬂem cal s
added 30 and w,§ F%n&?ﬁeae;httaﬁ&gkmmn@?gm SMhfiGGh ks and. or sequestering agents
added. , is.clear that other substances ma%%% added to
the solution with ﬁ@?%ﬂ@éi”ﬂé@tl‘%ﬁlév%b’wm ©r G o PR RO ¥ Br KOH or
any other bas eand%d%mnglkh@rwﬁtdx&mmas Irtdeedt e Saegbiltd 0rbyde@menOt

constitute a deviation fromt 2 q % Qﬁ% rre i nvem0 emSS(paquel fically
H202 may be®adtRéd B SYHE d&%’i"d]ff" GRS PAYS HefbtPal” OBt T BHEY 0T "o

t enaci ously adh@écﬁdnmagnaﬁém foredbdrel muicleaesl Ipare dmséodgmbm\fedl tﬁtrmﬁ&ttche

simpl e contacti . ol yam ne
cont ai ni ng sol?ﬁi%o‘irlﬂwkof thteﬁ'? g%@@n? f%lrﬂ&l&/ﬁmgeg\%ggs en%{/%WWA]%L% ﬁ known
addi ti onal waysiso aadiyucicing dre bewdapllayer. fegaswhinay, lecniqeerodal mespingpl and a
scrubbing actign W, dﬁreﬁ%@iﬂﬁ%‘tﬁnaﬁ ﬂ%cl%@ fask BSw TERAKPCRLCE: QY teausi ng
10cavitation events due ssol've ases in the solution. These

cavi tation 1évedltkst'rmm@maidrﬁe@ﬁ@WI1@é‘Fada?§ieﬁlg{Y|%ﬁ Afnacrdsel seAh BFEEAUS & SC] es and

hence di sl odge {Q%mﬁtﬁg%&lnpexéﬂraff%@oﬂﬁrg'é Bgdlbsna %getf%rbsmédc:@tanm| d or the
read/ wite heaé ssenbly part. The megasonics al so act redug{ﬁgg t he
H%’i‘ﬁ c

boundary | ayeraeroag] sgray iﬁé}mlq“é p S?@é‘ﬁ‘ﬁfoﬁ BT GrlPrEe o IpRse A1 4P e onto

adhered parti Ch8sed¥uGaLs sagll ar¥@Es)and asdil ftdtares, Ohich mqwe;@l fayieyr Ak heosur f ace of
the 5di sk or inprin Lwite headas An_.aer osol

d
spray techni qd@fa&éeﬁﬁ‘ﬁ‘é“ef P”L‘iibceé‘%fl’?o‘f”ﬁﬂ lqypr ’8ﬁr’;}“8§<‘§‘?}yhkg%efmoe €86 1 arge
particles and | arge cfd&ﬂlbmra&&thd-démmeg isdinishel msscnldvzslpngmm tocfolhiw guike can be

sel ective forpchertl ng@me ef“g‘%f’ fl?ﬂ?at&%% %ﬁxg?o'@gd ﬂ)%ﬁ%rﬁlﬁe Hl’eS but

not on snall pPaftPef< ures re very iragi
aerosol spray cdetdpf mgaains:@vmmgg@ﬁo avhid cm@ﬁ@iawy meggsenics 4 bighsi mi I ar vvay

like the mgasf%que%%y The improved DI water rinse can also be a ringe with a spray. A spray rinse

can be a regular water spray or an aerosol spray. A regular water spray is effective at

25 high flows.

The temperature of the cleaning solution during cleaning of hard disks or imprint

molds or read/write head assembly parts can be any termperature from 0 degrees C to 100
degrees ¢ with room temperature preferred because of its ease and economical
advantage. For absolute best particle performance lower temperatures are even preferred.

10 Preferred temperatures for best particle performance are between i degrees C and 20

degrees C and more preferred from 3 degrees C to 15 degrees C and most preferred from
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10l n addition, after the cleaning is finished, it is advantageous to follow
up the cleaning sequence with an inproved DI water rinse. The inproved DI
wat er rinse can consi st of a nmegasonics without gas to avoid cavitation or
a megasoni c¥o00%7ed3 f r equency. The inproved D water rPEHESWEHHNSESE0 be a
rinse wwth a spray. A spray rinse can be a regular water spray or an

aerosol spray. A regular water spray is effective at 25high flows.

The tenperature of the cleaning solution during cleaning of hard di sks or
inmprint nolds or read/ wite head assenbly parts can be any tenperature from
O degrees Cto 100 degrees ¢ with roomtenperature preferred because of its
ease and econofriiemdes Gdvbhicages C-Foredpartite Brgto waptieere ipeficotance | over

tenperatures a;gneVRRinRhRbekr fdowed Quisér@tfu%s m%hér?z@&ﬁ 8l weesith @c{m@@ﬁﬁ
particle performance are between | gées C and 20 degrees nd nore

preferred fronfiQieioBas pnegpu dé’aﬂ%”dra CreCmpRERHE OU 33 BPSIAFTERC 5
degrees C to 1pgn. dag[n@ﬁcﬁ pB.is M@V\Br[ngtﬂ&rmﬁﬁlagpld’rﬁﬁnﬁjbe al so advant ageous to

reduce the surface nount . | ower .t erat.ur a_hi gh pH can be
oed wi th-edui val At SPATAC Bt dlre R SE TR ANL LR e B}

temperature, bimprcatthapw’aﬂspdémabice | ower pH. The hi gher pH i s |rrpr ovi ng the
cl eani ng perf or manGg., fLAG, wpa}%qamoﬂh@%p&fﬁ%@éoqw%gce%&laed out at

subanbi ent tenperatures to° i nprove t ticle or mance Af ter
cl eani ng wi t h nolysarsenylste nolymist onan gthepiahobiapinsnit 15éﬁglfé’éﬁtoa’PlﬁP‘f?gH@f‘ﬂlﬁer a

pol ycar boxyl at g palyIRE. p%rynﬁ@ &Iahmﬁb ah@qulpx@%ﬁ@g Nofmdli§ #&sh babl e to
renove all of ‘the poI ﬁcar [ate a of the et hoxyl ated

pol yam nes I° Nolopsideque W@t%oawgbémw Héﬁ%’hﬁ%ﬁ‘ﬁéﬁ“@wmﬁgﬁ of FORBUHR rinsing. |f

absol utely thetowasts E&él@'a&mﬁlfsmg S INGariRtk a8 PEIPH S0 Mo SPaCd b kgafl t er
usi ng the pol ycarbox F

p r._solu : e cleani ng can
bo. Used, The 1cRuRE Shdguers by R BaSEhOT ek s eunard Re 5 aUoRE Sehge i - an
HC1 based cl e&mm@ed ar:anlrd@loxfmcnmswmﬁrcamsannpls ibemﬁey) heeruamd)r theANH.OHNnat i vel y
t he NRI CH bas (Wl fied with
HCl. This is g)asreﬁ St%ﬁ F?/klﬁng&usd;t? qng?lgr m{ Ficld fﬂ%)‘?yy a g" b %gurﬁgirr‘fgy
sol uti ons. 15Al mmﬁnafmntheeeiﬂ;oxri@tecﬂ\waﬁmmeasngmmsh@lttenlasas@ytpalﬁ{mi @nsm]llmabaswel | . For
purposes of il]ustration, the principles and methods of the present

i nvention for “a concentrated sol ution and a cl eani ng sol ution and a net hod
and apparat us for Ioreenesagoftihustretos the mingwle pnd prghadh sidhapraestintehionback si de

of the disk apgdl,Qh,thfReVBlionohd b BGantY sSiuddn ki k neRBWaREpARRES Ped. |t can

al so be used for cleaning inprint nplds or reacUwite head asserilbly parts.
cleaning the front Side of the disk and/or the back side of the disk and/or the bevel of th

20 - disk will now be described. It can 2lso be used for cleaning imprint molds or read/write
head assembiy parts.
A typical make-up of a concentrated source solution according to the invention
for use i a 5:1 solution and when the copolymer is supplied together with the NH4OH as

one blended source solution is shown in Example 1:

Percent (%)

50/50 acrylic/maleic copolymer in 3.5%-w
the acid form with an average molecular
weight of 3000 Daltons

NH,OH (26%-w as NHs} Balance

15



A typical make-up of a concentrated source solution according to the
invention for use in a 5:1 solution and when the copolyner is supplied
together with the NHAOH as one bl ended source solution is shown in Exanple
1:  Percent WOM/076233 50150 acrylic/ mal eic copol yner i nP¢HESABWHE PHrmwith
an average nol ecul ar wei ght of 3000 Da'tons 3.5% w NH40H (26% w as NH3)

Bal ance 25 This concentrated solution can be nade off-site and be
transported to the fab. In the fab, it is typically diluted with water with
a factor 5:1 FI20:concentrated solution of Exanple Ito a final cleaning
concentration of 3.7% NF-140H (as NH3), 0.5% acrylic/maleic H202
can be added in sudhiEPRsEmHTag s é‘BtF(i?tCF“b%Fsm?dﬁ Oéﬁ %‘ér?ﬁ trd?Sp%rﬁ‘?dd%&F %gn%unt as
NH40H. It has m@fabetzﬁmalksealatehaﬁthtmer pith ﬁ)factbhi!&sElzd)icmhnt&tblduﬁimﬁmsfw Il be
slightly less han be obt ai.ned acrylic/maleic
copol yner (in 5\(,:}?% F%ﬁ eamn COléce m%ﬁf%\}dt lﬂ&?&)ﬁ{ elsjg copol yrer

cont ai ns aci di @nma/nia@wybp@yrgardﬂq@s can(ir@ddzd m mdn@eqnmtseluﬁw itthataryr usi ng t he
appropri at e, sl;ght | ¥ QR&{ZOF{”RE&% Qgreﬁgﬁeﬁgﬁﬁ&%l—ﬁﬁtﬁgsé 81 EQueBRP Wi th

the sane final 1 as one wou ave when usi n% 10sol ution made up of
H20: N( 1. 40H. | 'r¢ stighaly deasstbanyyvhag weuld b efitqierd gyithoyt ieéﬂépﬁ%k%ﬁé@c FPohERever

negligi bl e. Tmrﬁm&&m@ﬁ@%tnbmeB@Sm&bllm@&&aﬁa}rméy cbﬁgnw&ocaaﬁmcl c/malcic
coponyl er woul d be sup l'ied in

|
concentrat i on SRUPREYE S APPPSHE ?Oé i t“‘ISS‘}lg ﬂ’ﬁ\'ﬁé‘?r Olfnr?ﬁ’r? lglﬁg 1’2@% Woé{’%t ofs more
common, when tthlﬁoﬁz@@ﬁ)hlylﬁﬁ fo attl up whe thaddedinal preadye dosis ahweedheh tkimatser to

28% w standﬁar d ﬁol ut |don ﬁdma Go eo!: (IE Solmmr?th%s gid%gc&llsn solid form
the 28-web Cond@HPYATTGRP &an EBI i'At af ned cal cal make-up of
a concentr at emowe).leunagngblaﬁﬁm@mpgls&twn fishot maqssem lfdin: 60 awéc/maicta 20: 1
solution is s Q:%)I\)’g?ny er wlc‘?(lggpgu%pgsd in a neutral form. The final NH4OH concentration at 26%-

w will be slightly lower than the 28%-w as is more common, when the copolymer will be

added already dissolved in water to 28%-w standard solution. When the copolymer will

15 beadded in selid form, the 28-w% concentration ¢an be maintained closer.
A typical make-up of a concentrated solution according to the invention for use in

a 20:1 solution is shown in Example 2:

Percent (%)

50/50 acrylic/maleic copolymer 12%-w
in the acid form with an average
molecular weight of 3000 Daitons

NH40H (21%-w as NH3) Balance

This concentrated solution of Example 2 can be made off-site and be transported
20 to the fab. In the fab, it is typically diluted with water with a factor 1:20 to a final
cleaning cdncentration of 1% NH4OH (as NHs) and 0.6% acryhic/maleic copolymer.
H,0, can also be added. H,0, would typically be added in the same or higher amount as
NH,OH to make a 20:1:1 solution H,O:HyOq:source solution of Exampie 2. In this case,
due to the acidifying effect of the acrylic/maleic copolymer (when supptied in the acid
25 form), the pH of a 20:1:1 H,O:H,04:s0urce solution of example2 is in a similar range as

the pH of a 20:1:0.3 solution of H>0:H;02:NH4OH(28%NH,). One can compensate for
16



Percent (% 50/ 50 acrylic/maleic copolynmer in the acid formw th an
aver age nol ecul ar wei ght of 3000 Daltons 12% w NHAOH (21 % w as NH3) Bal ance
This concentrated solution of Exanple 2 can be made off-site and be
transport edvOWOIRE fab. In the fab, it is typically df$UPBIHWPYR wat er
with a factor 1:20 to a final cleaning concentration of 1% NHAOH (as NH3)
and 0.6% acrylic/maleic copolyner. E1202 can al so be added. H202 woul d
typically be added in the sane or higher anmount as NRAOH to nmake a 20:1:1
sol uti on H20: H202: source sol uti on of Exanpl e 2. In this case, due to the
acidifying eff ct of. -t he acr eic co when su t he
acid 25form, ﬁéf dﬁﬂeggyﬁwﬁeﬁyﬂg %Cﬁfﬁf s%lﬂrc PEER Co]%enetglgon (fr}ez isin
a simlar rangeeasrct ligutiphloddxamp2D: 1: 0. 3 sol ution of H20 H202: NH4C]—I(28%\IH3)
One can conpensat e f.or 16, WD 2009/ 076233PCT/ US200R1085733, 4 Al Jd indesi r ed
by decreasing the ﬁfﬁ’i concentration or by increasing the concentration of
t he source soladliloniubdn iexmplieBxample3: A typical make-up of a concentrated
sol ution accorgirngto the TTIVentTomn fOrUSe 1 p.gem@sd S0l ution 1S shown in
Exanpl e 3.

50/50 acrylic/maleic copolymer 15.6%-w
in the acid form with an average
molecular weight of 3000 Daltons

NH40H (19%-w as NH3) balance

This concentrated solution of Example 3 can be made off-site and be transported
to the fab. In the fab, it is typically diluted with water with a factor 1:30 to a final
cleaning céncentration of 0.64% NH4OH (as NH;) and 0.5% acrylic/maleic copolymer,
H,0; can also be added, In order to get the same pH as one would get for a 30:1:1

10 HoO:NH4OH(28%):H,0.(30%) solution, HyO, would typically be added in the same or
higher amount as the free NH4OH which is not used to neutralize the copolymer, when
the copolymer is added in the acid form. That would be the case for a mixing ratio of
about 30:1:0.22 or alternatively said a mixing ratio of 136:4.5:1 for H.O:concentrated
solution of exampled: Ha02(30%). The concentration of the H202 may also be doubled

15 e.g toroughly a 70:2:1 HyO:concentrated solution of example 3:H>0, solution. This will
have a pH comparable to a conventional 30:1:2 H,O:NH4OH:H,0; solution.

A typical make-up of a concentrated solution according to the invention is shown

in Example 4:

Percent by volume (%)

50/50 acrylic/maleic copolymer 15%
in the acid form with an average
molecular weight of 3000 Daltons

TMAH 5%
Water Balance

20
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Percent (% 50/ 50 anylic/maleic copolynmer in the acid formwth an
average nol ecul ar wei ght of 3000 Daltons |5.6% w NHAOH (19% w as NH3)

bal ance 5 This concentrated solution of Exanple 3 can be nade

of f-site an®WoeMedsported to the fab. In the fab, it PSTUHIHWETN dil uted
with water wwth a factor 1:30 to a final cleaning concentration of 0.64%
NH40H (as NH3) and 0.5% acrylic/ mal eic copolyner. H202 can al so be added.
In order to get the sane pH as one would get for a 30:1:1 10

H20: NRAOH( 289 : H202(30% sol ution, H202 would typically be added in the

sanme or higher anbunt as the free NRIOH which is not used to neutralize the

copol yner, when t he/héopeneyrd splgtiondarbe ppictoffesitg apdbertipprretiathieidul d be t he

case for a m xirR@sdidoh Gartde dalatin t2Qablwith Rerondat sthdramdniisedl y said a mixing

Rl 0 0 100 T PR SRICHIL AL SOl LoD B XA 5 1607 90

70: 2:1 H20: congesnpreat@t; woteut | (md ol sexeaypbel Br tRODeatides orombimateawi | | have

ypi cal make- ug b EBREAR clDRher i ey A DR on 16

shown in Exanpised iistcadreé NEile®it! tchpt v 8miaret Jypical other sEigfapees geady ineresrarhei c

22&0' ymer in the,ackonfiRhms LR SYRIRGGWhEFikAhe WBLIGRL oPho 3000 Dal tons
concern, KOH or NaOH can be used. Other substances to get to the appropriate pH range
such as but not limited to K;CO3 and NepyCO4 can be sued as well in such cases.

10 An example of a single imprint mold spin-spray cleaning chamber will now be
given in more detail specifically for cleaning imprint molds. Referring to Figure 1, the
spin chamber 28 contains the imprint mold 21, being held horizontally by an imprint
mold holder 22, connected to a motor 23, The imprint mold is held with the front side of
the imprint mold facing down. The motor and imprint mold holder assembly is mounted

15 ina bowl 24 containing a liquid diverter 25, an exhaust 26 and a drain 27, A nozzle 28 is
mounted to direct the liquid solution with the acrylic/maleic copolymer or acrylic
homopolymer preferably at ambient or subambient temperature onto the spinning imprint
mold 21. The nozzle 28 is directed to dispense the liquid from below the imprint mold
while the imprint mold is facing front-side down. In this way, gravity helps in

20 transporting the particles away from the surface, out of the boundary layer and into the
flowing stream. The nozzle 28 is fed from a mixer 29 where a solution of acrylic/maleic
copolymer or acrylic homopolymer and NH;OH and DI water is mixed in the desired
ratio. The solution is fed from line 30. The chiller 32 may cool the incoming DI water
from line 33 down to a desired subambient temperature, In addition to the nozzle 28,

25  which can supply subambient temperature liquid onto the spinning substrate, another
nozzle (not shown) can be used to supply an accelerated atomized aerosol of the solution
onto the imprint mold. This accelerated nozzle helps in bringing the solution in close
proximity to the adhered particles on the imprint mold.

A close up of such an accelerated atomized aerosol nozzle configuration is shown

30 in Figure 2. Referring to Figure 2, a nozzle 100 is shown with nozzle body 103 and

liquid inlet 161 for the solution with acrylic/maleic copolymer or acrylic homopolymer.
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TMAN 5% Wat er Bal ance 20 This concentrated solution can be nmade
off-site and be transported to the fab. This solution can be diluted in the
fab with water and/or other chem cals. Typi cal ly, _pH ranges. between 8
and 14 and YPePBOZGEFY between 9 and 12 and nost prefer aB&V‘IB@P%&‘?SlO and
11 are very good for cleaning particles in conbination 5with the
acrylic/maleic copolyner or the acrylic honopolyner. Qher substances can
be used instead of NHAOH to get a simlar pH Typical other substances used
to increase the pH are e.g. TMAH (as in exanple 4) and choline. Wen

al kal i ne net al n er

subst ances to jgs')‘ @ds?lﬁéasd‘ﬁ ‘gﬁ?ri‘eg‘tﬂ}%mﬁ%rr‘laﬁ%éa%Caﬁbcuse%sbflgmn%sgI imted to
K2CO8 and Nazvmﬂmzm@msmmsuw@awg Thﬁ@lmﬂdeﬁame of a
single i nprint g%c%df hOnRR] e GhR AR, DL ERATI colibdloa DUk BIAIINLR N oY €

det ai | speC|f|c or cleaning 1 np erring to Flgurel t he
spin chanber 21]35c‘®hwiaqan§e@$1@i¢ mﬁlﬁmuﬂ%ﬂfp @1co®égﬁ1§j0ﬁ@1’f@5ﬂ6‘r?ﬂ£d $ally by an

inprint nol d holder .22.ccQ0MRe6t f6ni& &o EQ@S @3he 1R chREbidorbRlcd 1S held
with the front side of the inprint nol down. The potor and inprint

nmol d hol der as’@énﬂ%ﬁt‘i”@zﬂﬁﬁrﬁfoéaoﬁ%‘?ﬂi‘g %“'676 jeioy COBB[WP%ﬁOﬁF‘HﬁwaPOmO VB di verter
25, an eXhaUStﬂ)%ﬁecﬁtBﬂarastﬂéﬁibﬁra%?qurfz&senOZﬂ e 28 is mounted to d| rect the

liquid solution WI get“tt@}%g@@%é}l er é&g‘?l egnccham ?'2){15 posﬂiloneg‘ cfglg th% (X n990| ymer

preferably at anbi npéer at dr e “on n|n i nprint
mol d 21. The nmixngBadqgiccﬁaﬂeamOgcdyma ocdacspﬂe:dmopcﬁamtrlawDblwaitcm btel ow t he

L o) hd Gl LIRL !k Bk Bichh, B oL sl pea i LT S Y,

graV|ty he ps |n ranspor ticles awa rom-t surftace, out
of the boundarsylmualyﬂélacmlnﬂmlm @ppbr@elfcrr@vwh‘ghmqpefamr MhecrproreanalsoBe j s f ed

froma m xer 29 ﬁ'ﬁﬁ%@] g@b&%@pn&hgeg@yﬂaa@!ogaks%&elgggegwd?&&e DhoRarylic

honmopol ymer and water is m xed he desired ratio. The
sol ution is féuthe padyrionpkiedgen theimprighpplf of thg serprglicidipBied {HEMPYRdHET ng DI wat er

fromline 33 dowled QieaiWgsh &dowRBYRALtt enperature. In addition to the
nozzl e 28, 15 After the imprint mold contacting with a solution of acrylic/maleic copolymer or
acrylic homopolymer, the imprint mold can preferably be rinsed with subambient
temperature DI water, Indeed, the rinsing of the imprint mold with subambient
temperature DI water will reduce the final particle count. The drying can be done with
any of the known methods for drying imprint molds. In batch mode the most preferred
20 drying method is the surface tension gradient method, preferably using a vapor of IPA.
However, a spin dry method can also be used. In a single imprint mold mode a surface
tension gradient drying method can be used or a simple spin dry method can be used.
Any other method to dry a substrate without adding substantial contamination during the
process of drying, i.e. any known clean drying method, can also be used. If a surface
25  tension gradient drying method is used, a vapor of IPA will be blown in the center of the
imprint mold, while the imprint mold is facing front-side down. This [PA nozzle is not
shown in figure 1.
Even though the simple act of contacting the surface of & substrate with a solution
of acrylic/maleic copolymer or acrylic homopolymer can remove submicron particles
39 very effectively, the removal efficiency can be improved with an accelerated jet, and it

can also be done by the use of megasonics. One such apparatus, a single imprint mold
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25 whi ch can supply subanbi ent tenperature liquid onto the spinning
substrate, another nozzle (not shown) can be used to supply an accel erated
atom zed aerosol of the solution onto the inprint nold. This accel erated
nozzl e hel p¥9i2A%¥74%4Yi ng the solution in close proxim t FCUESP WS ERer ed
particles on the inprint nold. A cl ose up of such an accel erated
at om zed aerosol nozzle configuration is shown 30 in Figure 2. Referring to
Figure 2, a nozzle 100 is shown with nozzle body 103 and liquid inlet 101
for the solution with acrylic/nmaleic copolyner or acrylic honopol yner.

Inlet 102 is the gas inlet. A varie f accelerati %igases can bg used,
but nost conveffERIFRONS g O §§1é‘§llefﬂ’l§}‘nﬁ\f“?@‘8 HPBSRPAEHS *he
liquid inlet 1&TFid. S, 4anpeehed Hoblet 40cohiegtat ¢ xondtbed3 bR a it gak 4inl et 102
is connected t as.outlets, 1 and. 1 i can. be single circular
outlet. The gagheggﬁﬁ“ﬁﬁl Oé(ﬁctaﬂg? Qegdu ’Il;hetgl%gg’gﬁwgﬂﬁtﬂiﬁgngg?ﬁg?ﬁfafg %%VF\% accel er ates
the atom zed diwojibetddeb@8hafmptitiandld igapahiciomsdugerddt Thofsorputdnequedr@ee.g The

atom zed aeros A N LG/, ' . " Wox pol ynmer
s et tod tovar ds o REPE L0 SELH b e hert AP i Bt ¥ RSLITEr 32
in spin chanbedf tEgoris trgsdyces BheelyHdt Hhase bavdedo enerapothe §oRE wivsét Rlf of
acrylic/rnal eigCOpaly®iontcted € dhédasoRR TRAGYIRweaflfp Bl noteoen) 4@an be 10
done before the chiller. Even t aeg osol is

ler. ho [n Figure 1, the atom ze
Suppl T adl i t h EOGBHAE F BiPsBE Syt DT Fhrare® FuR i it PG )
honopol ymer, tdiecaRresehteGd heahst beldstipp s «dhuit fedd tsiomgdl 5¢, hichwat er. I n this
case the aerosol is rely. used,to.create a mtjon in.the sol.utian already
on the t mprt neomsr et B oryed SEEuarse TR EnTalR GR bR B Tol o
sel ectivel y asvaies thkougivtheisoni¢ femsqueerdp teethe backBdef of @re itnprent oy 41ntherigllTd
contacting wt |, UL AcLylicl ' p B, ~acrylic
honmopol yner, £ 5{3%5235#%%3%${?ﬂ%a3 Srlef ﬁer?d;gk'gg ”@g ?%%ggd()dv)‘m?{tzh subanbi ent
t enper at ur e DICopmentenally fiefmwenty ranges bepvisei HY§ kbk apdhe8 Misraraeingybad. Wit 1A

subanbi ent t enpetaliti&q Bl idsElicoMidabing @AMESr L6 nEd Ay rRRE b MhgogpuUNt . The
drying can be done Wwth any of the known nethods tor "drying inprint nolds,

| n batch nde kHaeandsgsedpref erred 20 drying nethod is the surface tension

gradi ent met hod, prgfigsabisidiging idpsta Bl Rldel PAmotdoUEMRIonidrSdWerdr Y
net hod can al so, be used. i e tension

d.. In asingle imprint pold d sur%

gradi ent dryi AYSMOLHEHINELH? B‘B"Eﬂgﬁ’g‘L ﬁ‘ﬂ““gg%?rf‘?'bf% et %Daﬂgﬁx i %%an be used.
Any ot her net kot ta@sdlter 48 caliasd vasit@ sipbhaid shadaliniye gulnStiantd lakar
contam nation_during.the process Oa{i dr.yi i. e...any. known cl e drying
mot hod, can_ al"SBUSE (BTl RB| ik shebsd Bnghigr o At TPl L 104
used, a vapor Sidre sHBAnWI lehchhenddh:annl, i7ThatdRE, Gemtire g fhetihpriit mpki4itis nol d, whil e
the inprint n&log” LSy r&@%ﬁﬂ&af fe&{]ﬁhfoﬁ%hcgq i?&%ﬁ. This I PA nozzle is not shown in
figure |I. Even tﬁoug e sinple att of contacting the surface of a
substrate with a Jok fingl ginse method is very important, since the final rinse needs to remove all

of the acrylic/maleic copolymer or acrylic homopolymer from the surface. The final rinse

method can be preferably carried out with megasonics with or without gas to avoid

25 damage, high frequency to avoid damage. The final rinse can also be carried out with an
atomized spray. The final rinse is preferably carried out with subambient temperature
water.
In addition, the final rinse with subambient temperature water can be combined
with a surface tension gradient particle removal and drying technique. Using an IPA

30 vapor of some sort usually generates the surface tension gradient. The subambient
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of acrylic/maleic copolynmer or acrylic honopol yner can renove subm cron
particles 30 very effectively, the renoval efficiency can be inproved with
an accelerated jet, and it can al so be done by the use of negasonics. One
such appar aW@987&@hgl e inprint nmold  spin-spray tool PCTESEHIR#3E n Fi gure
3. In the single inprint nold spin-spray apparatus 40 of Fig. 3, an inprint
nol d hol der 42 connected to a notor 43 holds a inprint nold 41. The inprint
nold can be held with the front side of the inprint nold facing down.

Posi tioned below the inprint nold is a sonic transducer 48. The sonic

transducer is e.g. 5made of stainless s eel  or t?I um num and i s preferably
coated with PFEAMPERANUICHE!HSES CopacE tctfﬁ% ey ide of e irgdterld fipgfoliofgdt al s 49

are bonded to Wﬁﬂ@e&er{si@ﬂgﬁ@l@ﬁt@leﬁﬁh@&doﬂ_dﬂ'?lnEZT crystals are connect ed to a
megasoni ¢ frequenc (not_shown otected in housing to
isolate the PZT cri}é@ﬁwgt{tﬂ“ﬁzﬁ%&?’fv’l@e & 1R V% ’&Iglli?{gl%e PLR %Ventlé\lgser to

the center of ﬁheth&d@rﬁm:n@mmcrm’m&me:lm sffa shnfaqmnf:h fubgatet Hhomghob1l, which is

10 connected o a,che %Eoféoﬁﬁgth Q85200 MBS Al REildoRe SupPI es

chem cal s of D‘fom\}i’/a?Eb soni ¢ transducer acksi de of
the inprint notoghpdged Oﬂ”heollmszowvﬁsm%y@r»@c}gﬂéﬁé? efttee nofwsarboivlae waves in a

frequency r an%nm%% 6A00 1k deg&ﬂlk!@&'fsh&ﬁﬁj With ffegp%aw@mmu LeNges .het ween

700 kHz and 1.8 are being used. This is commonly used for negasonics

cl eani ng. mm@ylataﬁpolf%méqﬁﬁh%)ﬂﬁ@ Qptenigred é‘@’(‘}@efﬁcﬂlﬁi’ rexivvpe™ised. The
inprint nold 4dsgwtdrdrRmied Nb), MRhaRoheabsibis is BREF o3 sﬂﬂﬁaﬁ@ﬂéﬁnﬁlgt‘cﬁa@-nSdUCer
48 is nounted inside a bow gggl d diverter 4%" {) %

exhaust 46.° TH@S§6WIE°@?%?Y§%T§E8’%“$§3% Wy &l &1 Bt diedh §ifed Séfé‘te u§e shown in
Fig. 4. In Fign nﬂnufﬁ:tdﬁa@@.ﬁferstd‘r@tﬂﬁ@m&iﬁa ﬁﬁhaﬁafﬁhﬂ;kdmalsmfanﬁlhprhmindiddmrsk shaped
transducer 28 rgar;gvvrg%gﬁgag_@s%g?tﬁ ar%s e me Qne usedaclo c?lf;ﬁlr}ios\r’r\%le Zixlb@trsg gxh

t ransducer PEUL e o IS Shown and
t he chem cal fmeedthbrhomougstrit atiagingh @vatlonal stcp nT ﬁne rrfethnaﬁ% o appecemstihod i s very

| portant,  si 156l DSnd iRt (R RBSHSL Qi SHRUS: Bl cofba AR sRSEMEC/ Tl el C

copol ymer or acr ormp yrrer rom ace inal rinse method
can be prefier abbotheradditipesd opsionalwiop 1 theapetagrs @geww@ﬂeawx whien §a8 t o avoi d

25 damage, hi gﬁbswf&gugﬁﬁs\{ngttge @vf@ée%fﬂa%gﬁg soTLh%n fsbB1Bds of LSS GAMIAl SO be
carried out with an atom zed sp raép final rinse is preferably carried

out with subantfentiteepibe prptigiien gacestic ?%r%éiérdﬁh? riBe selEos viHIher i nse with
subambi ent t eppekalBhifg Wad8r nGBNcARxGORRINEMrgy means acoustic energy of any

appropriate frequency, such as ultrasonic energy or megasonic energy.

20 Generally, the surface of the substrate has a plurality of particles adhered to it and
at least some of the particles are carried away from the surface when the cleaning
solution is removed from the surface, such as by rinsing. In a particularly useful
application, the particles are submicron particles, meaning that the particles are smaller
than one micrometer. In another particularty useful application, the surface of the

25 substrate has at least one electronic feature having a dimension of less than 0.3
micrometers formed on it. Examples of such electronic features are the transistor gates
or interconnect lines formed on the surface of 2 semiconductor wafer. Other examples
include the patterns formed in imprint molds, which are the reverse image of the featurcs
on a semiconductor wafer, or the features formed on a photomask that are reduced in the

30 photolithographic process.
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with a surface tension gradient particle renoval and drying technique.
Usi ng an | PA 30 vapor of sone sort usually generates the surface tension
gradient. The subagbient tenperature water can be contgetegdolspsdRe front
side of the iprint nmold first, followed by a surface tension gradi ent

cl eaning and or drying. In view of this disclosure, a representative

enbodi nent of the present invention is a nethod for cleaning subm cron
particles off a surface of a substrate. The nethod 5conprises the step of
contacting a surface of the substrate with a cleaning solution conprised of

a pol ycarboxyl ate R@%&Yﬁ%g of PG 3% 00REuPhcd St RAMEREHRAM AlRcRAROPOl yTEer s
or copolyners described previously with respect to Fornmulas 1-6 (or an

et hoxyl at ed pofesperithresleaping gisthad pERSATEEHE dnVGRERNSHZT OB SiFrTe B % ed
previously W tfed RSRAEE a b FebrMMeBSero@)matddaNes e Yurfich6f tBeIBinkRteisi S an

el ectroni c substrate meaning that 10 k#mgs a sem conductor wafer or a
storage medi urflorsER IR YOH; YR *6M substrate used in manuf acturing
waf ers or siorage ApahaemBubihenast the pivettoneskonos a apaningpplundn fondlgningr

read/ wite head _assenbl y. parts.. t +84Si ngl e
substrate or ﬁBS%”F%ﬁﬁhgﬁgg%%%%?}§§%£§tQﬁq?gﬁ%ﬁgiﬁ%gggf%%§¥hgggﬁgfn t he

met hod is to appley Thedesing soletivecoyprises 4 prdycetbexiitnielwodr (ariap athowviated t he

cl eani ng SO|U%gﬁgn%§OL§1ﬁgg&gggqmg&ﬂﬂﬁggm§ggface. 15 Anot her additiona
optional step’in the method is to renove the cleaning solution fromthe
surface by rinsi ngAkipaghsthe prateat iprantordias Pesa desgrilediinter ! hewereds an aqueous
sol ution, W t B@hreWihhQthents R isAPR ina @b AN ATuACRUREIE is@DAD BY inteprédte 1 nsi ng
solution while the surface is bein r%gged. LE tgi% cont ext acoustic energy
means acoustiés@ﬁ@P%yV%¥m%ﬂ?mﬁﬁﬁﬁﬁgWP HipRsati 8R 29Dt RGHRE HBAEIE} asoni ¢
energy or negasekiic@nanoyt «fRPkRngral iy abdBdissldfifacecatlingleit Bubatedat e has a
plurality of particles hered.to it and at | t sonme.of the particles are
carried away #PBW?ﬁﬁ@m§§g?ﬁéieﬁﬁ%ﬁeT%@cﬁY%ﬁﬁFﬁ%%§%Wﬁngﬁm9§m%g%H§ed from
the surface, sdchhashbyuerscqsiofte inlventian.particul arly useful application, the
particles are submcron particles, nmeaning that the particles are snaller
than one nmi,croneter. In another particularly useful application, the
surface of the 25substrate has at | east one el ectronic feature having a

di rension of less than 0.3 microneters formed on it. Exanples of such

el ectronic features are the transistor gates or interconnect |ines forned
on the surface of a sem conductor wafer. O her exanples include the
patterns formed in inprint nolds, which are the reverse image of the
features on a sem conductor wafer, or the features forned on a photomask
that are reduced in the 30photolithographic process.
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Regar dl ess of whether or not the surface of the substrate contains an

el ectronic feature, the cleaning nethod of the present invention is an

i sotropic cleaning nmethod that does not utilize a pad to abrasively renove
material fromthe surface of the substrate as is done in a plangrigzapi on
process, such as CWP. 5Anot her enbodi ment of the present inventionis a

cl eani ng solut“%ﬁt¥6FmEF%§hing substrates, including electronic substrates,
and that can be used in the nethod described above. The cl eaning sol ution

conprises a pojycar | yner . (or an et hoxyl at ed pal yanm pe, or an
et hoxyl at ed qug{%§?§@§¥%ﬁ%§¥%§¥fggf?% %ﬁﬁﬂf%%lﬁpg%gﬁ%wFﬁgéﬁﬁg%ﬂgﬁas been
descri bedsubstrdt@compaking kentpciagemnt byrficeprigf efleatdnesob BN Sriselilorhs to be

under st ood,t hat sg&ﬂgﬁisclosure is not to be interpreted as limiting.
Vari ous a9 i) WORCES Rase caren Wiom tha grerpuisnsisbeomearappaitent t o
t hose skighediddhddhe afd-a ﬁﬂMﬁ e |.Scl Qsure. ..
Accordingﬁg} f; is_ﬁ%ten%eg%gﬁ%t t ggg%gﬁﬂ%gg“?ﬁgﬁﬁgmgg%fwﬁiPE?Q{%ﬁhgg
cover i ng aaf nchintkyagi lydeogandermdief i cations as fall within the true scope of
the invention. 5 MCSLLP What is clainmed is: 1. A nethod for
removing subm cron particles froma surface of a hard disk substrate,
conpri sing cort ant ifeghodhe cBbhf 2@ Berwintihe BolGéBBRM e §eiy&+$e'r<aam§8§€g'feﬁtﬁ&d of a
pol ycarboxyl ate pol ymer and a base chosen from'the group consisting of
anmoni umPRYPeimges erreralvaieat erasarlie asifrorihandisrmeoluntleit hedsiahatic enidhavi ng
a pHof &.qr. fhtgher and not including hydrogen peroxide. 2. The
met hod of claiml wherein the pol ycarboxyl ate pol yner conprises either
honopol ynmers or copol yners of acrylic acid, nethacrylic acid, naleic acid,
fumaric acid, ,or, itaconi cid. , 3. The nmethod of claim| wherein the
polyearboxylafe%ﬁbm§§ﬁaOESﬁﬁPﬂ§@§“ﬁnﬂﬁﬂyﬁﬂ¥“@9Edm?EO%K@E@WEHH$$@n1either
MONONET S BRI hat NG rGSRET Bbmf SihEMy3; i GRGPayhese R and R2 s
chosen ffoﬁga hydrgggﬁgaton?br a ne?ﬂg%sﬁggF%g?§é%r ?%ﬁﬁﬁ%noners havi ng
the follow ng fornula:
R1R2
[ 1
H-C=C
f
COOH
where R1 and R2 is chosen from a hydrogen atom or a methyl radical, or from monomers

having the following formula:

O
R1-C CAV
1o
R2-C -C
\
\\O

where R1 and R2 are independently H, an alkyl or a pheny! group,

4. The method of claim 1 wherein the polycarboxylate polymer consists essentially

of an acrvlic acid homopolymer.
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0// R-CHzo RR-C -C\\\0 where Rl and R2 are independently H, an al kyl

or a phenyl group. 4. The nmethod of claiml| wherein the
pol ycar boxyl ate pol yner consists essentially of an acrylic acigcsip
honopoiynmer. P/i CSL L P 5. The method of claim1l wherein the

pol ycar boxyl at ol an erag Iar wei ght between 300 and

1, 000, 000 Dal @93’ S O %ﬂl 1%%@8%#3”%11 QKPR RARERE 3s pRaverage

pol ycar bQﬁb@&@a@@b%H@cﬁet&réeM%n‘dﬂ @®ERNAsNLHat | on between 0.001% - 6% by
wei ght . e method of claim1 wherein the solution has a pHin the

range of 9-12. 8. The nmethod of claim 11 further conprising:

after the surfa nt act ed th.th ani,ng sol uti.on, renoving
the cl eani ng Soﬁﬁl{ehgezhﬁfae z%nﬁ) f 8 erfa t\ﬂ‘e pol ycal%ogl l%poiyrger 1S used in a

concentration between 0.001% - 6% by we1g11t.
7. The method of claim 1 wherein the sofution has a pH in the range of 9-12.
8. The method of claim 1 further comprising:

after the surface has been contacted with the cleaning solution, removing the

cleaning solution from the surface.
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