PARTI CLE REMOVAL CLEANI NG METHOD AND COWPCSI TI ON
BACKGROUND | NFORVATI ON As presently practiced,
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of mechani cal and chem cal nechanisns. In hard disk
manuf acturi ng speci al dedicated tools are used to
scrub or renove particles, often called scrubbers. In
many such scrubbers a nechani cal particle renoval
method is used sinply with roomtenperature, or
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be added to enhance the renova I Cl ency. eani ng
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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 a head

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



chem cal contacting only, then the contacting
chem stry sinply renoves particles due to underetching
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follows: a controlled amount of the surface |layer is
uniformy renoved or etched all over the surface of

the substrate to be cleaned, usually a hard disk
substrate or an inprint nold or a head assenbly part.
V\hen etching this surface |layer, the materi al
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structures Is necessary. The
underetching mechanism, which does not damage the fragile structures, however can
also not be used anymore, since the structures are so small, that underetching would
remove valuable material from the surface. This is the current cleaning paradox that we
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 substantial part of the surface.

Even 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



under et chi ng mechani sm whi ch does not danage the
fragile structures, however can al so not be used
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under et chi ng woul d renove val uable material fromthe
surface. This is the current cleaning paradox that we
are faced with. Hence the paradox: nechanical particle
renmoval cannot be used anynore for small particle
renmoval, since it also damages the fine patterns, and
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di sks. This is also the case for the read/ wite head
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apparatus that can renove snall particles fromthe
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I eachows vdre sthabphrdsandt cffeienfifar e gener aI Iy, none of
the presently known nethods can efficiently renove
very small particles, since nost of the nmechani cal

t echni ques | oose effisURMCARY OF BIRINVPRTION| es and

rmst of the current]y known chem cal nethods.ar ot .
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domsd Jiot mPdie ViaS@dikIor ordi imPIRkt QYR u el &ihe dlant@EdIsk §1Q hard disk
or a read/write head assembly part. The method comprises the steps of contacting a
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.
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 particles

from the surface and/or the bevel of an electronic substrate such as a hard disk media
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



remove very small particles nore efficiently. SUMVARY
OF THE INVENTION Briefly, the present invention is a
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media (hard disk), or an inprint nold used in the
manufacturing of a hard disk or a read/wite head
assenbly part. The nethod conprises the steps of
contacting a surface of the part with a cl eaning

sol ution conprised of a pol ycarboxyl ate polyner or an
et f el nffd T th api
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with the solution of this invention.

After cleaning the surface or the bevel with any of the solutions of this invention,
the solution needs to be rinsed from the hard disk and/or bevel surface. The rinsing step
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 damaging cavitation can be

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

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

read in connection with the accompanying drawings. It is emphasized that, according to
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carried out at subanbient tenperatures. A base such as
anmoni um hydr oxi de, tetranethyl amoni um hydr oxi de,
webwbiome3xan be added and in addition or alterpPet/Us®08/085733
an am ne such as nonoet hanol am ne and a bi oci de can be
added. Alternatively or in addition, a surfactant
and/ or a sequestering agent can be added. After
dilution or even undiluted, any of the solutions of
the invention can be used in a nethod to clean the
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wth a 625 Soprs o agagaat S RisdRottor
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present qon the surface The damagi ng cavitation can be
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W G SR BpriRRaRYdRAg drawings. It is enphasized that,
accordi ng toconmon practice, the various features of
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15following figures: FIG is a schematic diagramof a
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present i nvention renovi n par rom
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hemat t
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pommmerﬁraswﬂrgbmw agiZmethadoii agRIS 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 quantities 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 a blend of the above polycarboxylate polymers.

25 Particularly suitable polycarboxylate polymers are prepared from monomers

having the general formula (Formula 1):
R1 R2
| |
H-C=C
|
30 COOH



fl ow outside the nozzle body; FIG 3 is a schematic
diagram of a single inprint nold spin-spray system
w@ewondi2ey to the present invention for renoviPQI/Esmh8/085733
and large particles fromthe front side of the inprint
nold; and FIG 4 is a schematic top view of various
transducers that can be used in the preferred
enmbodi nent shown in Fig. 3, positioned below the
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The average molecular weight of the polycarboxylate polymers given by

Formulas 1-6 cap vary between 300 and 1006000 Dalion. Preferably the average

moelecular weight is between 500 and 200000, even more preforably between 1000 and

25 80000 and most preferebly betweon 2000 snd 10000,

A narticularly good cepolymer for use n the present invention s 2

acrvlic/maleic copolymer (Formuls 3) with sn average molecular weight of ghout 3000

Dralton.
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wi ||l be appropriate. In cases where sodiumis a
concern, such for other specific cleaning operations

w0 poobarat3zli sks, then the acid formis preferabP@r/Us2008e85733
as the starting raw material for the cleaning solution
blend. In the above schematic representations of the
polyners, typically the acid formis shown. For the
Na+ neutralized form the CO2H group in the formula
above should be replaced by a CC Na group. For the
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a Beridifer t%lfycl%ﬂﬁlalgﬁ@}ufle? Rt dn s iebrvesehepiagigreppepenigions pithe
10t hﬁolﬂﬁér@ tmm? rﬂ{e, actd8fn sRBowR Fob e 3! hedtdliRiab e, iedco,H
Typi cal I%/1B t he ycar box%/Farat e polyner of this
i ngrewt ing ﬁogmdaalweﬁ]epuéd splaged bwr%ﬁ%arga%d form at

the che %lcléﬁh%_('ﬁl&%nmf ANdinDehth akter sCbleQa1Rf df %ﬁ‘rbBﬂ%c

base will be can also be TMMH (Tetra

qﬁmerm@mw Hyte ox e@@e)claav pesthastednBheoraterriglublefyelf can be
SRR R Mk Bl b SBRIJ RE B . o

b Ot @dfroxtalaslwlmws tre coseded® theddsiredThltdy contendfithe adl form with
man u%%Pc prla e bas FA t 1@al%ﬁ<all¥re§ sol@ﬁg galt &n E)e fade l%y reactlon OF the

eani ng opera
b equﬁnefrom ﬂiedmd/f(brn{ Witls e. pramuh@tin hydrgxmdz &ntamethlyl&ammonlum

cent at e soI e dil ut
RGN Rare 1 ot b B Mt Al bty Ry Con Fe usca.
Fbm\foﬂ!lfa,ll rhdisls Claﬁ?ﬂ bﬁ@)@d’f&@lxly k&diem POptiaRIunG aiith pbacsidde being mostly
ship n the i d for and t hen &he base 9 s added
20 at pr{:ﬁ c¢ t{ ]é‘%imi g PET EIRNFRP VYS! ¥ or P TS the main concern,

peﬂlémmllﬁh%ﬁﬁ@@i&&@hy to the polycarboxyl ate

pol ymers,  an et hoxyl ated pol yam ne can be
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
NH4OH, 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 also be shipped in the acid form and then the base gets

added at the fab, where the cleaning operation is performed.
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used in a cleaning solution to renove particles.
Schematical ly, an ethoxyl ated pol yam ne for use

w@ewondi2ey) to this invention has the foll ow ngPQENS2088/085733

formula (Formula 7): where EO is the oxyethyl ene

nmoi ety (-CH2CH2O-). The preferred ranges are as

follows: the value of x ranges from1l to 100, the

value of n ranges from1l to 30 and the value of m

ranges from 1 to 30. The last EOis typically

termn ' :

For mul 2 gD it Pole BRI B PR PR Blatyaming combe

th@eétﬂmwnalgedlupemtoamnn‘ea mﬁerm x=15, n=2 and nF 4.

Sg Eteg‘;rfgﬁggna&%al C}h a]? et%&glfa&écﬂ%oq a?l{ln ! g?usteﬁgé)og%mg ]éo tﬁls invention has

i nie fAtlioeimg geﬁeralsfoﬁmildt (Emsm(dEG]rrml a 8): Another useful

conmpound for use in the current invention is the

et hoxyl ated, quaternized diamne with theyfollow ng

structure (Formula 9): (EO R4 HThe ethoxyl| ated

pol yam ne of this invention|wll typlcall b dded in

concentrated fdFEf)ton rnirke y ﬁ':lcgn in

the bl ending plant. Typjcall|y the et ho yI ted

pol yamine will be bl en@d, ikt o eitherEQ)paeltral

solution or an acidic solution. Both the

10 pol ycar boxyl ate pol yner sol ution and the ethoxyl at ed
polgﬁgm ne can be supplied as a concentrated sol ution

uEOda e oxysouesnemoisth efHaSirty) + Ree pefesreciiapes jreaas dollows:
pollhé( URle SQ! Mh d%e@ @rofnof t001|06 QHé %analqgé kSmartoh3 Uﬁﬁdl {111% value of m

ds or read/wite head assenbly parts, the final
bI r@hgfe dronl eerdOnbhasledt O is typicslly (epniwate yvlfhﬁe@omhown in the
al
pot et EaRblnt LK par R SRR X ERRRIR s Y Hroxylced
15 t ypintadiheywlzedeledl 5t =3 mdrne*—aé eSctlmatle)oﬁhetstrects@Iomhe@thoxylated

-tl)-IhIl)ee t allne Qv 109 snveelrjyﬁl%seh{l ?or(ﬁrlr}eecqflrr%@t 1%\%%585 % %1 Q}\% rgforn}ula 8):

one at
use. The et hoxyI ated Pol yam ne on the other hand can
be used over a w de pH range angds not Iirrited to (EO)
al kal i ne pH cl egpbng wWhgp, usi ng hISf | eap® hard , ™
di k¥ -or Nhﬂ[@pﬁl?ﬂrr)g\l\ v\sfnor eadJ/\M*Edprﬁead denbl cHz2)—N
parts. Iy Sur f act ant £%%hd chel ati ng agents can |
20 al so be <5a>dsed (EO)s (EO)s (EO)s

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

quaternized diamine with the following structure (Formula 9):

(CH2)
25 (CH2)
/\/\/\/ T /(EO) "
M (EO) H

(EO)24



After dilution of the source solution in the fab for
cl eaning use, the final concentration of the

w@oiogoarbbxyl at e pol yner in the cleaning sol utPONUSNS/085733

10

15

25

30

cl eaning the substrates and parts is preferably

bet ween 0.001% - 6% by weight. More preferably the
concentration of the pol ycarboxylate polyner in the

cl eaning solution is between 0.01% and 2% and nost
preferably the polycarboxylate polyner in the cleaning

S0l Ut i Ofh oo RALME B}y Snih 26, AREL ik i R Gt A 800 and

ef fecti ve concent Ion I's about ' '
cl @anintrgted ifiorm tb veke lipa plienycad fdletidn ipthettignding plant. Typlcally the

p0|ﬂ¥ [att)e )%H %%n? e%il%”ﬁfen&) 1Qt%ren1[1ﬁdrlasnlél§tr z?nQutlor{por an amglc solution.

s an dasse s can ev
0 bs erv GSbtldﬂmnpoltyoaer@W/polﬁimrselun@l aldttheaﬂhao;@faiedhnetmm can be
conc nt.ration

me.
C OMEE S e Sbe e bR RnbicPRie, Ao Hhen using the
p qbqryzbaﬂb@dyﬂe abBmpRO oluTRn f@la:ﬂ‘eabﬂiﬁ obsleliske dr iatprinDMQIEES or read/write
eani n s er .concentration
C Rl mbl R e e Rl e S R P A b i@t e pi
a| &aﬁﬁ:@,&pr@fkﬁﬁlﬁfhly R8T pAWRE IPotSding of BamehineXyiaikRIE, or other bases,
yam ne for cleanin hard di sk nedia, and |

mﬂra Hemieall PRl apieese 401 afdherbtipnpbhi gan berdanc at the chemical

CORGRIMchRnk QP bIANSESlakObut lithen BEHBX YR BSbiR UANTREREE lated
preferably at concentrations between 0.001% and 5% an

noPdyasries @t @p pihebndeenbeased ogesp oV idrpthngpand is not limited to
pr aﬁ]‘cﬁﬁl@ Eﬁ%lelaﬁﬁlg\%@n anilg/ﬂlﬁ ok cle{fhl ?Fﬁh&ﬁilékg or itnﬂ)%nt molds or

pol ycar boxyl at € pol ymer or the ethoxyl ated pol yam ne

c agadswriteliepd #seembly partreF inally, Snrfectantrend whelatingdgendd eaniatsn be
whjghgcan then be diluted with DI water and with other
chem cals at point-of-use or centrally in the fab to

yi el d tAfer dilutain of Itleanilmgsoclmtmémthejtﬁ bncleﬁﬁiteg use, the final

ggl%ge%%rﬁgo)é aolnf‘?’l%egpo? l)f)loxyladte gP gm%lo cﬂ?e (%lea%n u?li}l fo? clleanln% the

I nsubsttalies and pajfsdeprs&kabty lextwden Oc!)()di‘é)r Oeby @ehlghteMore preferably the
transportati enses,. but substantia o
oameRrRhd ot RARERR e 8o hu R B Aty M ki peeen 0.01%
r aaMdreed @fd radst prRsdr e phl@fuﬂﬁbxtylﬁterlﬁﬂi}tiﬁe& it the clehiiag sod@loass
prl ce of the nded .chem ¢ her reasons t.o suppl

0 2 hebtiesh 0o @éﬂ/e at PYHeYlY g@@@ ang & e qoRgEnfratiqpds ?ﬁfupg 6% for
eqmtmmﬂﬁlg,tmaﬂle cRaSifl cfdRt bQhe Fil %rdmoaglaiefp@lmu b€ Bard disks and
concentrat| on in a}a{aere fixed dilution ratio

t yigIEiat malds gd rea/ wHeihsad daebly RertsgpR e\éﬁn@esb%er\f?égioga&
asp oFeH e is 4 BaR-AIf belw@AlBncehBattod@hd cleaning time. At lower

concentration the cleaning effect of the polycarboxylate polymer can be observed at
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

between 0.01% and 2% ad most preferably between 0.1% and 1%.
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case, the pol ycarboxyl ate pol yner concentration, when

supplied together with e.g. the NHAOH in 1 sol ution,
wowdb/omessl t o be substantially | ower in the soRPCTES2008/085733

solution in order to give the right concentration

after diluting according to such a pre-fixed ratio.

Alternatively, the fab nmay not be set up to handl e any

dilution and will require the cleaning solution

supplied at the use concentration. The solubility of

the p0|13§,|§§}5 ﬁl?’el ﬁiﬁa@%}{ﬂ%olg& N5 é?ﬁ‘ox:yfa?ed'fi%g/%ﬂle%n be

wei ght I'nvent’ on ycar oxylFate polymers
wi tuppleedrio ﬂecf@h anr ommegmtecbmlmnwmol@caamuenlwu@d @vith DI water

gg'clfntdowq ogﬂ% Qet%ngaﬁg % )Poﬁnlt %P “Use qmg%n?r%ﬁ%?n thé:N? Yleld tﬁe final cleaning

SS SO
| owacmtmﬁ@n [Il"htapolywr‘tg)lxyla‘@qiom boxgoinednerated lsgim&fsﬂutlon can be

Aver | ecul a i ght . nunbers Dal .t ons
IRE e R A R v A R S R S i
Waﬁramlsportgha{ e&fpgﬂiﬁi @gﬁﬁbﬁhﬂttﬁlljf hueves obnigtrit@riomsatan beused as well e.g. to
| e to the a I n.concentrat.l o rangl.n e
e (N N AR A R N R R R R A
nDdlﬁm&ﬁDmlﬁBr eakonditd fuppBNBwEr doficehfr@RBROE.b. iBihd fAbARubisy
diluted at higher ratios in the fab. Ethoxyl ated

pofapipmenkigatds %et up Fe i pingdhe spurcs sencepiriion dn a tgefixed dilution ratio.

10 €t109Xyhiad1 eluRATLASN RE&I B-ffbs aReS RSO Ustd ¥ g ah aahoaath In that
50w in water. Typically, the source sol ution suppli

ed
byCashacqIoBIeRIOaTYIHE BPRIMACOBpRatTatiaTo Yo Jupplind togegher pith methe
f aIQHf@f[I if| ?(ﬁ‘l'iﬁdﬂ?wﬁl ﬂela@ fo t%tsﬁﬁétegﬁﬁll)( fowRr inYAoh e %’1)1171011015 order

dlluted but ut ed wat er and/or other chem cal s
i sto ;git\@fﬂeﬁr rglit gorfcoRtragion mﬁddumr@a?@mﬂrémg K suck a preefayed trdf it

”@R&Rﬂv‘éfg”&e b2 J}Hﬁ@fyé ﬁIS’B !néﬂ"e LNt Fhd W @%nﬂetth

ol nt use wt water’' I's nore econ
15 t htzlwnmgl sukutlnlgsmphetdvé theheet@aéntitien dihn golcblht[yamﬁ thealcarboxylate

RS ABTARLAN PGP Rl S

r _a\tlitloa; HLM@bﬁla]b@el@lﬁ@é'@\feaﬂDB@O djﬂtlmm(ﬁ)ﬂt@ds dn 1B@Bed Hinghsr

o BT i eb BRSSO RS i dhes apotcuter

prwéiglitglyyarbotytatd PélyrhérgBSverdge siotkeslathvbight umbatst(B000-70 000

S TS SR by B sty

S Oﬂllélﬁdl@tibntc@n BRKSplied to the fab in concentrations ranging anywhere from 0.001%
to 60%. However, higher concentrations are more economical with respect to transport
and can be diluted at higher ratios in the fab.

Ethoxylated polyamines are substantially less soluble. The ethoxylated pentamine

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. undiluted), or diluted, but diluted with
water and/or other chemicals is preferable for economic reasons. It is clear that
transporting a concentrated solution 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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a source solution containing polycarboxyl ate pol yner
and ammoni um hydroxide, it can be added in a

w@emgen2eiat i on range of 1% 28% w (wei ght OF NH3PCT/US208%(€85733

10

15

a source solution consisting of amoni um hydroxi de and

pol ycar boxyl ate pol ynmer. But any other suitable base

can be used instead of ammoni um hydroxi de for nmaking

up the source solution. In various hard disk

manuf act uri ng operations specifically, KOH can be used

as_the \baseyffhe Bt ARG 30h Uik B0 RS, A Al ATTBOLIA s

hydr oxi de. Source sol ution may al so cont al n

0. G@YUN060 4096 with B we e tornadkcauitinesubSuaitet cé@lnmg@olgam, a;nore

213 Sra%P ”§3t%%8'0°‘ ‘P ngsy abc?m&(:t‘ Fe‘f’ergoq gr 0 e%nlges?c{ns H%Ichon with
1 ant nes: ano aim ne

nowaelsoimennnamaiammmm addedaasrwélbt hanol am ne, et hyI

g: 2: Egn glrrﬁn?[]pgdnug{l %%%B 8%15 lgilfegl:}[gl argogcee%trated source solution to make
( nﬁ?idﬂ&de&&hﬁ@ﬁécﬁfhﬁlﬁ@polfﬂaﬂmhﬂhﬁe pelyniee idiadnymonium hydroxide, it can

alka m nes: trlethanol?p”i trijso | am _ne

al W a é‘§0f“§nﬁatloﬁf?q%ﬁro§ a?fﬁg?//i’ grﬁWﬁ &J’ I\?Eﬁ)xto make a) source
Mo by saih §16f anifBdiR@h Inydlraﬂw énd m@mbgﬂaftb BollyMes. But any other
rmnobut]gl am ne, npnopentyl am ne, %Cl ohexyl am ne,

s evFAlaPyre SrkRA ushd Matsad ofiamumaniym hy dieyide tor Wkl@&é%meﬁ@%rce

(eso%tloﬁthW%s%H&Ydlﬁ%ﬁﬁanﬂmcﬁlﬁﬁ% gé?itwnﬂiﬁelﬂﬁam ROH can be used as
prop gl enedi ami ne, triethylene ram ne) m Xt ures
12

t Hi@e Bese formjeaniag pelutions apise ef BRMeniwR hydioside-al s i ncl ude

nonoet hgnalaad %‘ﬁltloﬁwlaﬁe %gﬁtﬁmﬁ%ﬁr 0.01% to 40% of an organic amine.
triethyl enetetram ne and m xtures thereof. The ndst

pr&fieble otkanis amdirorenipaols ariy e selqdiel faom abenabimingse c.g. primary
.| 0 0
or ganL i gﬁ?&r ﬁ’u‘;a&ﬁ 1'_1%07(5&9%95?@%0{;#%%9% &é‘%h&féﬂ]%%ﬁmﬁl@ Sthyl

nmost pre om e source-so
megicthirianoon Lsmond@y Wkovlagnsudibthamlamine, diisopropanolamine, 2-

g:(l\l{}/ie{t@a:mlﬂeol) t h; azlg)}l?lhneot%%ng I%l%nolaﬁnlmgé tlélethano C?mlne tri-

( G B mi i) a)lk;(l&thinbm gt(pﬂthﬁ‘y@ﬂdytaﬁnndsarhbmm@fyld:rﬂnm

bi oci d r ef er abl romlp

o Bl FieraBOebhe oA bRt TRt T PP e
aScy_UE)ﬂlbxyldﬁhlﬁé; Is€t@8ditP alRPlamatlef: @i ethylemipay, blk?leﬁeaﬁﬁlﬁﬁa\(ﬁag primary

effjcienc revent any bacteri al wh in th
20 ¢l aé%ﬁ?qﬁgmﬁmsu%f%% &Nz Ay S Bl TynEgne). and

25

30

TYRixGEt HerBOMPlc RN cfip] @G 3th narRIsAAEI R h&ethanolamine,
ethylenediamine, triethylenetetramine and mixtures thereof. The most preferred is
monoethanolamine. The amount of the organic amine preferably ranges from 0.01% to
20%, and most preferably from 0.2% to 2%.

The source solution may also contain a biocide such as 2-Methyl-4-isothiazolin-
3-one (MIT) or Z-Methyl-4-Isothiazobin-3-one Hydrochlorie acid {C4HAMNOSE, HOL,
{MIH{ A3 The concentration of the biocide is preferably from 1ppm 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

solution.
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Preferred surfactants are the ethyl ene oxide type
surfactants with a general structure

w@nid2n0#28X C2HAO) nH. A good non-i oni ¢ surfact aneCT/BS2008/085733
G 2H25q (C2HAO) nH. The concentrati on of the surfactant
in the concentrated source solution will be preferably
bet ween 0. 1% and 5% Most preferably concentrations
are around 0.5% for the concentrated source sol ution.
The concentration after dilution with water and when

used f f
socd, | SR ANE i RGeSyl B LB e
nﬂe&ﬁe@ppfwbyts wei t@mtthylwt@roelqgrtme@uﬁmtapti Wigh a general structure
f | | ut | nd
CoRSEN ot 0 A AL HELER, Al BT B RCR P
t henparthiial & t]nﬁmdwa:hntaf the co&nmtemurcmuﬂm veitl dbe grdferably

<) A0S o 0 P ol SERRDL Bl bRSus PO alhe
Segpuiesiteel Bgirég®nitisn. onheeonfqahmﬁon gftagrintisn @ﬂ]mwaﬂeﬁﬂldbﬂlen used
oD e e R P TR P weien. i

C alfebxﬂé%)ﬂ 1bpmagd SF0ppa by a%ight. Wére priiradly meteidea@ddh afier dilution
aci d (EDTA and di et %I enetriam negent aacetic acid

( DYBAC betprrgn (mabdroaPrrim Toe syipstaabgodst wbptarjialydpprove the
10 afﬂa@ﬁcl@iehié%l%ﬁidmnt: DORMEY bAReMa M tpkb%@ ehef Vit daﬁaylmg of the
et ween | Copm and

the surfaces w eferably b
500BiHeD- stéﬁql@éme@mlwg@eg@eﬁbgdra@wh@tsuﬁwgt antially

| mpr ov%eﬁﬁ@teﬂﬁé Eéeﬁ{s%r Eﬁﬂfﬁ&ﬁhg geflfs %h@ﬂgﬁ/be RHLJ. PR

added to i nprove the I'lic inpurity deposition of '
t heqedstsaing pCopaxag omnhelamg aggit are thegutesfgen-pprgaining carboxyhc

in t
R BB L BB TR B i
15 anamh(' jD]]ﬂAhyEtremoh@etratmnwf dolsequcengng deaawitcy dlltlltlhewph mater and

art ni n

poTv})lleél aurs & %0? a%m\ggptlhgpu&%rcés Vg? bgioﬁefergtﬁﬁﬁgtg%é fd%grrnn atrrllcel éSOOppm

Wi SdQualtengIabmtﬂ doarit m&nstantmhlwﬁmpﬁoamﬂas panmdleoemoval efficiency, but can

u r| n n nd. ot her, chem c dded can. be
o o R PR B s P o SRR R REIRE SRR
nmol d orThegaldfiovsiolf ehihigashtias &ﬁﬁ’@ch@Mﬂylaltd’po&yrbc&i Fentfve particles
' paratus,. which c

o LT LEN, LYRE 8RRSK Bty MR, <0, B SLIOLS, o fpoun
apRa: akt isnclobhing imgr@f ndli®o be single substrate or batch
or tn afhe 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 any other apparatus type suitable for
contacting one or more substrates or parts with a solution with polycarboxylate polymers
or ethoxylated polyamines with or without NH4OH or KOH or other chemicals added

30 and with or without amines, surfactants and or sequestering agents added.
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hori zontal conveyor belt style apparatus or in any
ot her apparatus type suitable for contacting one or
wWOorRNe/0x2bst rat es or parts with a sol uti on w t hPCT/US2008/085733
pol ycar boxyl at e pol yners or ethoxyl ated pol yam nes
with or without NH OH or KOH or other chem cal s added
and with or without am nes, surfactants and or
sequestering agents added.Finally, it is clear that
ot her subst ances may be added to the solution with
pol ycardey! @11 RPhYITRAS sitsklloRimalik RGN (it bhabn Sk
or any ot her base. ing other substances to this
s otbdﬂqamoxyi@te polyorersoattstriwithoet MHABV paKOHror fnpetherthesd. ddding
%}B%%Pbs Wi egsn[ég I1sn%/0 ur‘gltoln s n%P go%lstfltluf 4 01P¥1at10n ﬁon%%éfl(?erecrloof the
t emmntau@ngaom@bmﬁ@llp a}ZOt mhﬁbe ahled hehsurddtane can be
i mpr ov rom Sinpl.e cont acting wt .
> pol ycar 8%91‘%%%8?%@ Tore tSP*}%WP/gf”ée&eJ;%a%ifé%oﬁéhe surface can
C Olrdt iaproved) freml thid dimple@bnthdiing with\egiolyicarboxylats pyigmat orwelwRylated
Such known addi ti onal s. include, fqr exanpl e,
ne%oa\‘éad?ﬁilec“soma&ﬁngasé) L) |0%13‘{Fn5ﬂlama§e%“6? JB8ng action

Wi th a favikkwisddditionsl &gl inthige, TRIgR8@ Pl e @CdnidYan acrosol spray
causing cavitation events due to the dissol ved gases

i rPdReCRIBPing pelion WithadeV 4 Bk dndesth the Bpgasonic psiebyrausing

10 MeGhAR o Rl erdOideal iR RiseNvidBsAGh 8l RGIuRG. ‘-T'h&le%&/lﬁﬂgn events cause
hence di sl od%%: themfromthe surface of the disk

t hempehgpicH agiasiog op theradaerpdpadficlps and hﬁl@adhsasd@@%mfr%wh@ surface
Th&‘ tﬁ@(ﬂ@?‘&r}h&ﬁlp‘ﬁn‘ﬁﬁoﬁgr tﬂ%%ea{dﬁgﬁjt@ e a‘é&ﬁlbﬂpﬁaﬂd fhY megasonics

| ayer. An aerosol spray technique exerts ‘a mechani cal

f otlgveachbit wduaittethe Hoyndery jlevice Anmgrasalispiap dechnigeq ¢reftas mechanical

£l | . ) )

Sl S B SULAEE 0 Bk LD
158 pxhdyortlmphm mn]é ocaad/yetedend @spersblsz hart. et acrdasolowptay tesheiqiscan be

2 JPLEGCR AlsLa! (518 3n BE AT 2h§ f%i%e £§turesH%ﬁ%§e an

an a rosoﬁ1 sp ra gechn gue ca e SaIec
exXerdsb ngray téahhmlee o1} Heaelgﬁlvp dortexeities a &nck (bralla@e particles and large

f eat t mal | )
{ RSB fotbon iy 8RS B afirsio RSP B Rl An acrosol

t agpiw teph@iqat sico Featlies &R bolitdaboldfd al y sihidlyeway lﬁkeaheslinagals@ﬁcs
ition, afte

20 cI eam ﬁ@ fﬁ@lcm ?1 %rsﬁl%gcllgan%tngﬂ%ﬁ‘ﬂg\?ﬂﬁf 5@8‘&5‘?%%“1*“6%”8%“@6“

t h@edilRaBgREcSERIVENERroVed DT dtet ANNCOVRANIPkoVAR DR kvafel ABR-can
The |nproved DI water rinse can consist of a

ne‘if&%létrﬂ @INSERYORISY Wltb%ig SR VY G2 a9 Hid ragEadnic at high
NMEQRR Oy CBhdinpvB DI water rinse can also be a rinse 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 temperature from 0 degrees C to 100
degrees ¢ with room temperature preferred because of its case and economical
advantage. For absolute best particle performance lower temperatures are even preferred.
30 Preferred temperatures for best particle performance are between 1 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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frequency. The inproved DI water rinse can also be a
rinse wwth a spray. A spray rinse can be a regul ar

WORM0e07@pF ay or an aerosol spray. A regul ar WaPEr/USPO&Y85733
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is effective at high flows. The tenperature of the

cl eani ng sol ution during cleaning of hard di sks or
inprint nolds or read/wite head assenbly parts can be
any tenperature fromO degrees Cto 100 degrees c¢c with
roomtenperature preferred because of its ease and

eco {i‘%%eg @l t0 @? \ﬂ@tvﬁg&e@%e Lo@QIrteﬁPecfQJuféE greg?s%tad%E %b&ds %0 reduce the
per f Of mance r tenperatures are even preferred

Pr wffeca @dmt&qnmmam teer fanpehasts Pagher pHeapby fsod wth cquivalent

C
or 8505 L5, ME B AN, CERLERR, SR i Bpie over

pre. él?hleécghérrp}nfs mhpngmgsh@léam@&dagmees C. Lower
t enper S are al so advan

h
o P oo SR T T A R bEE Rl B s Mg o
pHn@&WeM&pmﬁmbpmﬁfm@mulvaIent et chi ng anount as one

woul d hay ) te ture, but a

Cons! destRb EuTiBaBHY f oAl vl Gh e BHAT P hERGT R e

¢l Raytat@x etk ok RNGEn cTHoRya1l peightamt, if isAsdiRBlcGaftnRNVE Bl of the
be carried out at subanmhi ent tenggratures to i rove

t nRelyrarberR Rt PRRAEEY et thesthasy lated @alypmipenNogme!fyethis can be

SO4dat b@ustlyt eh&wglh%tsmg Ny 8RbiuRhy HOMvwkNend &rbhfths Ae
polycarboxyy go ymer or an et hoxyl ated pol yam ne,
i tnqC@sswsqsp%tﬂﬂé &F UsBgiied oY CRIDERY MR @O BICT oMK IoBN Jilcardwo stage

poélé’a!ﬂﬁlrgscan Qé uh! TR ﬁltsmag%tlg]é)NHL@ﬁ%gseH@leXﬁ%&]ﬁl% second stage is an
Nor mal 'y this can be done adequately by thoroug

r | el bﬂged dl¢angigdol MEklinge watsr bamvsply bevisids Adfernagvaly s NH,OH
(&t b sklﬁy’:eﬁ%ﬁ& ﬁ1|e|r1¥151 %Eﬁr beuoé d dtvaﬁl HCl Thls is gpar‘ucularly

po ycar oxylate 'polyner so I ons, en a two
cImﬁﬂmﬁgﬂcaﬂmbwhwgedwmﬁh@S®Mn@ﬁ Atag%WE@t@NEMﬂH}mba@Edb%e
clean:. and the second stage is an HO based cleaning

0 ﬁ& FiNsSe wat er can sinply be used). Alternatively
t he Nl-léfﬂ-lpllna%d ofsillepraden) thrxeprmkipfe end andlodshe tie mesiemgnventlon
?a& be acidifie ar, | usef

0

Rt R R SRt o B TR Al P LAY,

t OclNdé@The gt sidt bethe IRB endathbdeack sidd ofithe WBk |and/ &C’the bevel of the
1@%83 tgrflesqr%\gi ﬁ‘{ (%ag Hlso%e use ! Iornc?eaging?mgrrl]nt mn?és or read/wrlte
head assembly parts.
A typical make-up of a concentrated source solution according to the invention
for use in a 5:1 solution and when the copolymer is supplied together with the NH4,OH 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
NH4OH (26%-w as NHs) Balance
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for a concentrated solution and a cl eaning sol ution
and a nethod and apparatus for cleaning the front side

wo@toobias2ai sk and/ or the back side of the di sk pe82008/085733
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the bevel of the disk will now be described. It can

al so be used for cleaning inprint nolds or read/wite
head assenbly parts. A typical make-up of a

concentrated source solution according to the

invention for use in a 5 :1 solution and when the

copol ¥ it dofioch iRl g&%&a&k@ ek Ged B b HoR @R fab. 1n
bl ended source solution is s omn In anple 1. This

c othe &bt 1t attericallyldilbicd vitb avrtdyevitiredectaf $: 1 Eb®gomaotrdtal solution of

o POPRE B o820 y it MRUTERAY o

S Odcu_sthctmalﬁé cdpobymelr 61,0, can lee ddidexhin se¢hederning solutions in the same or

ac n§‘?e m%%ﬁ’térlft %?@%gébﬁ?ﬁg%‘g—' eg'g}ifi“%{r;g pg{j%f these final solutions will

c| ieastichity 180l thxatnl v@mﬁ wotildtbb @bampe® witholh ittg 5er S0auBlitimatsc copolymer

NHAOH. |t ha ed that t H of. t he )
Tt atih e aboe i s SLRGY SmeiRE copinfiaaReigh A g seypare i
begr@@;tsaa)ﬂee&n\@bﬁlb@uate tfé@hae Bf DAn@eie Mpproprived SighitleRpRdr YABINt of

(in the acid form since the 50/50 acrylic/maleic

c otﬂ}%ﬁ%%‘TSO%H‘E (Y eﬁ\é ug dyitgithe aRdHRNY @ leﬁom%}@ hagg, whengpsing a 5:1
C OJYRRIdA &laBe [96f HJTANHRYH USI (ROcab NS LRPERIInathe cﬁfférgrt&: iy

hi gher anpbunt of the source solution to end up w

t heoveaprencgligible. s epsnnsaetibiyngt 1eacsanyfifche é@ﬁ(hfgcndwénalﬁﬂc

S Oéo‘ﬂ&'n?ﬁr Q@{{i@ by Bup glg(?‘lg aN'E'ﬂTngforhﬁ ThdEndt mOﬁfcoﬁceﬁtrat;on at 26%-
sol uti on, ference 1s however negligible.

cowpah baﬁllgbﬁy iOEWen than the@8%swray isi thorg hemBOR, S ghen the COpolymer will be
ac

e kB B R RPN QR R BT URRIC D gontvmer il
wi bd adided mlsolgmforry, th@%w% trancrithBoR@Ybe nzgntaigedaeser.

conmon, opol dd
di ssol Ve%}cﬁl asee u:b C{? Q glﬁ/ntratec{ solu %n cO qd rﬂﬁeko t}?e%giyﬁqtlon for use in
t he2(c b pobtjomes showinlin Beargydeled i n soI | d f or m the 28-w%

Cor‘bcllt T atl UII \/U.II bC ||u| Ilt U.I r‘led C! G . *‘I“I CU.I

makie- up of a concentrated sol ok i on ;38?8?@0@9 to the

i nvient i 030f50laclyE@miakiccog®ymdr SPl uti anej-s shown in
Exanple 2 : This concentrated [solution of Exanple 2
can Béhepsiidorn Pt ph 8Vesie8 be trlansported to the fab. In

the mbeuldrtweag%tBmowaltynsdl luted with water with a
factor 1:20 to a final

NH40H (21%-w as NH3) Balance

This concentrated solution of Example 2 can be made off-site and be transported
to the fab. In the fab, it is typically diluted with water with a factor 1:20 to a final
cleaning concentration of 1% NH4OH (as NH3) and 0.6% acrylic/maleic copolymer.
H,0, can also be added. H,O, would typically be added in the same or higher amount as
NH4OH to make a 20:1:1 solution H,O:H,0,:source solution of Example 2. In this case,
due to the acidifying effect of the acrylic/maleic copolymer (when supplied in the acid
form), the pH of'a 20:1:1 H,O:H,0,:s0ource solution of example?2 is in a similar range as

the pH of'a 20:1:0.3 solution of H,O:H,0,:NH,OH(28%NH3). One can compensate for
16



cl eani ng concentration of 1% NHAOH (as NH3) and 0. 6%
acrylic/maleic copolynmer. H20 can al so be added. H2Q2

woeuwbd7d2ypi cal |y be added in the same or hi ghePCHI®2008/085733
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as NH4OH to make a 20:1:1 solution H2q : H2g 2: source
solution of Exanple 2. In this case, due to the
acidifying effect of the acrylic/maleic copol yner
(when supplied in the acid form, the pH of a 20:

1: 1H2q : H2qg 2: source solution of exanple2 is in a

si -
BB AP Ol Be B B SR oo o

dethe s@acehypluder pEaeinply21 he H2C2 concentration or by

I ncreas conce ntr | I

exanpl & AZR]% '&Sﬂgake ugl nt?a{%ec? 05““8% ﬁ%‘%nc[ ggattoig 1§ n%{)n Por use in

accyr: tsaigtidnas $Hms/n|1mEea1nple)BI for use in a 30: 1 solution

I S _S-h'ew‘l I II EI\U.II’JI C 3 Thl =] CGII\/CIIL AU CU LB L LA Uf

Exanpl e 3 can be made of f-sitel and B)Srcle?a(r@ported to

the fab.s50/50 dch@ich@disic tdpolyenck Y|l cal | ys@dpd-wted with
water with a factor 1:30 to a final cleaning

conteht #eid [ Y9 49 AGENH OH (las NH3) and 0. 5%
act Mol h1aBl &bt of 90 dRhs H2CO2| can al so be added. In

order to get the sane pH as one would get for a 30:
1: 1 H20 NHAOH((289gv #4 d312( 309 | sol utbalsace H2C2 woul d
t ypicatty be added i the same or higher anmount as the
free NH OH which is not used to neutralize the
copol yrifds, contratratedh eolutmmallf )Emplb § camlbkedadepfi-fits aad bel transported
for |
o The B0 oS4 % Pl GRRR LR Bl DR 16 0] fna
Of clda&&g&oﬁcemtrétﬂm olfid G OvidEH (aaiNeétd) sl Q% acrybd/maleic copolymer.

Th t
o ATRsE Wyt B RNCD thordf D8 SRS RNt e ould e R F50THY
HD @ DIRGO L 2824) 2 0SGOUY scﬂﬁtldnf Heouanqll €tygickiB08: Ridbdinithsame or

Thi.s will hav arahle to a, conve

Fepy ey s JREN B g e hRB g b e gopobmr, when
C OfR€ EsHolyce & a%l@édllhltlﬂa’hcﬁpﬁﬁﬁ drhagwbild b8 theichieantd rﬁmﬂg&ano of
shown in Exanple 4 :This concentrated solution can

netheuio¥0r L&Pe e %ﬁalabéelx rths poriserdtie of tigeh-¥-hfer Hply C@ncentrated
s aloftioR Bf %ﬁlpté@ ﬁ&(bz@()@/@ Tl‘ib doR&entrafon¥ ol MBd BhaRaY E}Jdoélllbled

ot her chem cal s. wgl cally, pH ranges between 8 and
anfis 9 Bahlxie7): 2pek ik erncontand selptiamel qrample GiteQe palitign. This will

Fﬁﬁa‘gg "EH%QH&BE&%I%% RESVYURINaIZ09%D FX5:NELOANRY <DRfidd. C! es

I nati on
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
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with the acrylic/nmaleic copolyner or the acrylic
honmopol yner. Ot her substances can be used instead O NH

w@Rhwo7gQes a simlar pH Typical other substanP€rUsSReL085733

to increase the pH are e.g. TMAH (as in exanple 4) and
choline. Wien al kaline netals are of no concern, KOH
or NaOH can be used. O her substances to get to the
appropriate pH range such as but not limted to K2CO3
and Na2CO3 can be sued as well in such cases. An
exanpl efh?sf oﬁceﬁlltrgtg Solh R dafl be FRbE,5. glltenanﬁ%(e @r}éns%lbﬁ @k% fab.
chanber Wi 11 now be given In nore detall specifical
f ofhigicdativniegn bapihitastin thel fels witReker midig otter Fiegueads. 1, t he
spin c t n l,d
hel d ho ly%‘{;cglﬁl% g?l] rgr%%gg tw%en @andnlgpcmd %feﬁ%bébe%wtéeélt&anﬁgn and
c ompse ptodatatily bawnm kﬁ)ranﬁal af’éh&ry god ifortclaaning pasickeindombination
the. front side o e inmprint nold facin wn. . The
ot 5t Dt e RleRteohulf R bR LRI NE (iR ikss gon be
bOWed DéteDO NI IO @ gt b bieniliadpldi T4@ichBsthe? SubsanceXRaLLs incZéase the
adra A nozzle 28 is noypted tao direct the
P oot Sl G PR plsen 24 SToiET R Dbt hare oo
aCd’oYlEérﬁ‘ KOHRPSLPAREN PE 6fcd r@tﬁb%uﬂ@tar@@b @Bt to @c appropriate pH range
subanbi ent tenPer ature onto the spinning inprint nold

2 15uchpebyh gotAinaited o Kol @ 4nd NaeEOt gnde spiehfs avetl ipsuch iy

10 from bedpWatnbR dfﬁ@fngfétlmﬁﬁlllt%dﬁ@ kiR spra@ cledid dhamB® WAllinSw be
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facing front-side down. In this way ravity heIEs in
t r giMgYs mqr%@et%lh@eﬁﬁ?atllwévrecéeaawaymprﬂrﬁrlm %eRgfaanaé@ iggigt!. the
of s [\ GaRBLUON ol n@VRimBAS hdlb 91 tbla ﬁlmwoﬂgon%ﬂ ;y%%h inf¥ent

nozzle 28 is fed froma m xer ereasoumno

acingldiheldenl % cenneespbioyarmapton3. 5h¢ ymprmt moldopbely mith therfpnt side of
N . . . ' . .
ST AN Bl UM Lol SR P L Ko
t hie aibowd 24 ogntddhingvatiquid ﬂivomrIZiSn@ @Baldozmamd@ dpaigl é% i4 eakzle 28 is
S unblg rr‘["t)edeto tdlrgc% rﬁjeqlqg dgso ‘tlon thtﬁghe ac a?elc (fo%of&%gr or atcgl%b

ur e
t meansqpblymengreﬁwﬁm ertatrfbwnmulbmblm z:nipfera@nebnts Ilewpinnmg Mmprint

e R e e L £ R0 Bl o

no\zlzllleeth&leﬂlmﬁlt mioldas FaolicB@nt-fige Soinild BB Way, gihﬁ@ﬂlelps in
roxim:t %othe adhered parti.cl es i i

20 PO BTG I B SUECEIUt Bt DAY Hagh and ino the
aefl@sifg stRAZZ TBe £RAkI2GW RY 8 d Hix8NBMWihere 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,
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
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/maleic copolymer or acrylic homopolymer.
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in Figure 2. Referring to Figure 2, a nozzle 100 is
shown with nozzle body 103 and liquid inlet 101 for

wao b@snd283 i on with acrylic/maleic copol ynmer orP@EDDy1008085733

honopol ynmer.Inlet 102 is the gas inlet. A variety of
accel erati ng gases can be used, but nobst conveniently
N2 or CDA (Conpressed Dry Air) can be used. The liquid
inlet 101 is connected to the liquid outlet 106. The
gas inlet 102 is connected to gas outlets 104 and 105,

' T 1.ng
oL O g S i R e e e I B

t henatnamitly &d od €O (é?tompm&dd?frytAhlé chii lpuisad. dbwrlingid andet 161 is
Ouéonﬁ(—t:cte/ldqg he-ll_ uld%uﬁml%)g dl"h% aé) ﬁl?etll cgnnec ?to as outlets 104 and
acr e ? mer - or-acr e
| eI(lSedrht:h)\Amtcb& sn@e cata:lum patee Tﬁa gﬁmmm@m of dnhkatsgm k105
chi n, chanber .20 t i.oned bef or
Bt e MR pGplek BRI B S ! ol
acropl imhe bomdfea iRl cangining apglie€maktopdydone abefioh@opolymer
the.chiller in Figure 1, the atom zed

ve
aeltsbeét(‘??“qv‘éar@dgepﬁ“g%fft% “®a sol ution of acrylic/mleic

copol ymeen eoug@dcthy thilledB2ITH @pah yi@iber 2B pagfi@kabeoathahms@r 29,
be supplied with sinple DI water, In this case the
aethpavYing of aeiilisimplaic eapolymes piicrdic hopmgpylyreragd O avater can be

10 SO4JAE bOdrethé 8AGY. PR ntRRch MOFibRE 1ML SoBlizel RG0S Es%plbhed with a
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jet is used to renove |arge particles selectively a
i ssokysieet paayliciaalgie iceolyanar or agrylisy hompgolymst: ithetacrpsplgan also be
ConbaEddWieh WhpiIB o7 w%%'r Uh HRcRE th%%ﬁékdl & Mﬁ%@'u‘éeo&@ RRL¥TBRotion

or acrylic honopolyner, the inprint can
priefller sbitipn plecady as gy lmptlmt el anthe efmbsql J@tm apes torengpe large

‘;‘ﬁ%agﬁr'ﬁoes DGR %a%*ﬂsem{ow%%ﬁlg ggrglpe imprint mold with

ent tenperature er will reduce the final
parti clAgter dwnmprlﬂThEold lcgntmt}ng amth IaeoldmreOﬁmtyhc/mj,m@fomﬂymer or

t(ﬂagc\lmy’ilc }nhgcgi? e ro{ehg ¥rnptgnol Jerra{?ly nnser(l 1%:}1t S%Ean%)lgnq

e sur
t etnmbemtug;r]aljwam Irrdeetdwﬂrd rmpmgbéﬁha brhpyrint mottgwmh mlmblemf

n, dr thog an a ﬁs use 4
i RPER ot e SR a bt TP B IR IS B bl he i
dr atiyrog tHetkhbwal ne e dddr USat idprit iBolaP Hleba&m Moddrtie MBdtpederred
, €@ be u g Any ot her nmethod to dr gztrat
i TRBE TG ST Bt PR e SRS PGB ok YoRey of PA
Preewser, afsp@rdyy Method c-al@dmy ukIOWMa GhE&IFHnY ol M&ichQdsface
can also he used. If 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
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 IPA nozzle is not
shown in figure 1.
Even though the simple act of contacting the surface of a substrate with a solution
of acrylic/maleic copolymer or acrylic homopolymer can remove submicron particles

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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tension gradient drying nethod is used, a vapor of |PA
wll be blown in the center of the inprint nold, while

wo b@oiomg2s3 nt nold is facing front-side down. TPCEHUSI0A8/085733
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nozzle is not shown in figure 1. Even though the
sinple act of contacting the surface of a substrate
wWth a solution of acrylic/maleic copolynmer or acrylic
honopol ymer can renove subm cron particles very
effectively, the renoval efficiency can be inproved

i hsteplfh %@aﬂ?&e S%fl%l?ﬁt ljlfll:re 3.8f qhe sli]ng?éai gﬁhtsrﬁolQ%aquS%P%é lka%paratus 40

fregasoni ¢cs. One such “appar at us

| nefifiig 3, snoinusipt molslrhlob;iyr 4oginnedtel tg hownori4d heldg anmeprdt mahd 41.

h'FheSllglrf)gnt m(IDIH.Bgﬂ t?]e:he gh frgnts A g&f é}%ﬁlﬁl Cﬁt %Gﬁ'lfl 2901n0f O%Vg)lr
43Pdmioaed laelowr’pieumprnrrmhcdid ma soffib @ransapect 48, Tholsohic amstigeoris o g
hel d, wi | rlnt nm
oufte e i Esrish SBa B Bt FrelPR sl FEh g % backsiae
tr@h&ﬂmmenmﬂﬁhw&hﬂzsaﬁmmsu9am&ﬂu@ﬂnogawemgmeﬁﬁd9wak&Ihe
stﬁ%Ples%ksteel or .alum num.and is referabgy ﬁt%g d

i Tl pals ggg cOpeCsd (& magsgic rﬁ‘lf}leg IO ef PURRYJBRtSPOWID A
Crsteated ikShoakigg OBEISE tHe® Zgediatad forh iR cﬁf&ﬁin@ mqamg(a}ot shown).
The PZT crystals are connected to

f r elgirs e e pavirs ot s ampynt e t%%mhqaﬁ*ofq ?S‘rtB"tO@@% 2l Whighds

hogbah Qe dtt0 a cBhiad SediNi@e BE TTH MhSthBrefd BB shﬁﬁleg Lieanéddor DI
l'i quids (not shown). Closer to the center of

t he
i myRtEHRronel the semer@nsiucerdd foda brckda ity igwght rsqld AhhihePZT
' Sc&&ﬂ@@%&@ra&e%@so%ﬂemv%é n £ f?&lqedc'ly N Qf 2()T)"6(ﬁ)0<1‘(h%m cal

feed Iine supplies chemcals or wat er t hrough the '
s ohonyenrtraaalddiepencygangss bHiwedia®RsiHaand 1. 3tMidz mmbplungused This is

o L8 TR P2 ORI SO Pb: AP
f ridduendy usnges bet ween 700 kHz and 1.8 Mz are belng
used. %e%mgé?tgnoomflw%h R erijnt m%;d lg%(%?é% E I—Aél 8 sorbgtransducer

However requenc
us4ftis mbngted msrdb aﬂoowb‘létjwﬁlihquld fiveng r4iS,|’IIra1rm|7 dndhothdest 46 X he

not or 43 Onlﬁ transduger 48 i.s nou eg i%sige ﬁh
bowiC4%n “P‘H CAPVEP L EPCRY 1S &‘I’Oéi““ﬁn L T
46tranfiReiS6M b Eull 1h1®ﬁﬁdm616 rdlsﬁghcham triv@d Bcey A0 hiQSpisBispes tras ducer
|s sho

in Fi a linea ransducer
05 §Qares @rﬁagwnadlaﬁ%@ gﬂa%%ﬂ fhieanidts ebibe FoP ano Adﬁ i
Pi @owh @ﬁ’&ﬂﬁe Chemes ¥&@rthrough 51 is shown.

The final rinse 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
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

vapor of some sort usually generates the surface tension gradient. The subambient
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80 are shown. In each transducer 60, 70 and 80, the
outline of the inprint nold 41 is shown and the

we b@oiooaB3 f eed t hrough 51 is shown. The final PCTES2008/085733
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method is very inportant, since the final rinse needs
to renove all of the acrylic/maleic copolynmer or
acrylic honopolyner fromthe surface. The final rinse
nmet hod can be preferably carried out with negasonics
with or without gas to avoi d damage, high frequency to

avt@ﬁger%maﬁer canbe gdn@a% ed_ﬁ;]ﬁ@?rl ?’{'de%f%l?e 191%1‘&?1551:{1?‘95‘[ OEIHflowed

an atom zed spray. rinse rs preferab
calbpyrd i}mfamﬁtnwrt dradgbaleiienandiaedperat ur e wat er .

addi ti i Vlew o%t 1%%1§closaﬂren§1$%resgrnat e e%n%ih%%}lt tf“aﬂlr%perer:s%}ltl'iﬂ%ntlon 18

wat er can be co ace tension
p a« tnethbd for elaning smmﬂcrdrr yamq:jest d@thnirfoeof aLﬁbngtea IThe BA&thod
the surface

or .of sua I ener at e
TR P ot b R S AT (P R solatigy
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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 particularly useful application, the surface of the
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 a semiconductor wafer. Other examples
include the patterns formed in imprint molds, which are the reverse image of the features
on a semiconductor wafer, or the features formed on a photomask that are reduced in the

photolithographic process.

21



the surface by rinsing the surface with a rinsing
sol ution, such as an aqueous solution, with or wthout

W@ b@oapqaB3 cati on of acoustic energy to the ri nBCTIYS2008/085733
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solution while the surface is being rinsed. In this

context acoustic energy nmeans acoustic energy of any

appropriate frequency, such as ultrasonic energy or

nmegasoni ¢ energy. Generally, the surface of the

substrate has a plurality of particles adhered to it
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pl %ﬂg@@?g??%%ﬁQgggégéﬂﬁg%@ﬁﬁas CWP. Anot her enbodi nent

of the present invention is a cleaning solution for

cl eani ng substrates, including electronic substrates,

and that can be used in the nmethod descri bed above.

The cl eaning sol ution conprises a pol ycarboxyl ate

pol ymer (or an ethoxyl ated pol yam ne, or an

et hoxyl ated quaterni zed di anmine). Al though the present

i nvention has been described in terns of the presently
preferred enbodi nents, it is to be understood that

such disclosure is not to be interpreted as limting.
Various alterations and nodifications will no doubt
beconme apparent to
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those skilled in the art after having read the above
di scl osure. Accordingly, it is intended that the

wappendeas cl ai s be interpreted as covering alPCT/US2008/085733
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alterations and nodifications as fall wthin the true
scope of the invention.Wat is clainmed is: 1. A

sol ution for renoving subm cron particles froma
substrate selected fromthe group consisting of hard
di sks, inmprint nolds and read/wite head assenbly

parts, n conprising a cleaning agent
e\&/ﬁaﬁ 1§8£1M%h R

sel ect romthe group consisting of a
pol ycar boxyl ate pol yner, an et hoxyI ated pol yam ne, and

an et hol)(% lue[ijonq‘urart 1%5\%' £ 8§ dérgn 1cles‘2fr rilr ralesubsgt)ratlé fl:lgcr%ecp tfrom
claim1l erein P%/car 4 ? mer

ei thberoup oampohg/nfﬁmsd a’hsks pmnmhym]ﬂs amf reabwyielhmcm:sminbly parts, the
aci
R $or i Setedi Sy S b Bt FoRiePeore e
poporwarbbexyte @bl men lay BROxY1SsePp@paiied ahd amteédyhesd quaternized
%omers having the formula: RL R2 H C=C COOH where Rl

PP s chosen from a hydrogen atom or a nethyl
radi cal, or from m)nomers haV| ng the foll ow ng
formila O// RL-C-Q | OR2-C-Cwhere R and R2
are i nd’?eraré]ﬁd%lmlq)rspf}qlalrgﬁ vg}ekeyql thg po]gcaﬁh@wyape Rﬂlm_comprlses either

homopolymers or copolymers of acrylic acid, methacrylic acid, maleic acid, fumaric

acid, or itaconic acid.

3. The solution of claim 1 wherein the polycarboxylate polymer is prepared from
either monomers having the formula:
R|1 ||?2
H-C=C
(llOOH

where R1 and R2 is chosen from a hydrogen atom or a methyl radical, or from

monomers having the following formula:

@)

Va

R1-C -Cn_
1o
R2-C -C
\
@)

where R1 and R2 are independently H, an alkyl or a phenyl group.

4. The solution of claim1 wherein the polycarboxylate polymer is an

acrylic/maleic copolymer.
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4. The solution of claimlwherein the polycarboxyl ate
polynmer is an acrylic/mleic copolyner.5. The sol ution
wW@B00gh#i263 1wher ei n t he pol ycar boyx| at e pol ynmer PC¢EHESZ208/085733

aver age nol ecul ar wei ght between 300 and 1000000
Dalton. 6. The solution of claim1 further conprising
a base. 7. The solution of claim6 wherein the base is
chosen fromthe group consisting of amobni um
hydr oxi de, tetranethyl annoniun1hydroxide chol i ne and
any ot (

Thehﬁ lﬁgpﬁﬁég#g le ere ch e pokﬁw&ﬁﬁoxy %f%@mge
pomylneﬂarh’@sgleb@wn@e}ﬂoraad |1@ﬁﬁ)Ob@eDQO 0. 001% 6% by
wei ght. 9. The solution of claimlwherein the
pol ycar boxyl ate polyner is m xed with amoni um
hydr oxitd€éhe 2Qlutidihe céadh utfinoier odmedsaign kedhier ei n t he
et hoxyl at ed pol yam ne has the follow ng fornul a: where
EO is the oxyethylene noiety and x ranges from1l to
100 and. mMheasigesn dfrcbiim b wirradthabekerR clangeBonh fhe@rduptconsisting

L O TIMOTHER B 5 OOy O G BFH ERghne and a3 oir

etﬁ@xyﬁ@m@ﬂa@ﬁhmaamﬁ@nmﬁu@ﬁmemhpxyIated pentam ne with

x =15, n =2 and m= 4. 12. A nmethod for renoving

subm cron particles froma substrate selected fromthe
10 gr oup GONSie $lufich Gfcldian dvidicikhe pbRBIrb oy 1af0p Hen@hds a

read/ wite head assenbly parts, conprisSing contacting

Hém@ﬂﬁ@ﬁ¢%ﬁ%W%Wme£%dWéBﬁMﬁ@hkolutlon conprised of a

cIeanlngagent sel ected fromthe group consisting of a

pol ycar boxyl at e pol yner, an et hoxyl ated pol yam ne, and

an et h&xwhatseldtimtc@imilz’ém@ﬁ ﬁampnécarh@ylam@lmrh&)mixed with

cl ﬁm %d@ t he pol ycar boxyl ate pol yner conpri ses

eit ymers or copolyners of acrylic acid,
15nethacryllc aC|d mal ei ¢ acid, fumaric acid, or

| taconi 19, % 9 lutlon f cﬂlm rf?vhel%gn t%e et?loxyla%dl 20l}‘lle{rr]nelneehas ther}gllowmg

polycarboxyf % ﬂ

formula:

(EO), — N (CH2),—N (EO),
2 | |
(EO), (EO)/ M

where EO is the oxyethylene moiety and x ranges from 1 to 100 and n ranges from 1 to

30 and m ranges from 1 to 30 and where the last EO group can be terminated with H.

25 11. The solution of claim 10 wherein the ethoxylated polyamine is an

ethoxylated pentamine with x =15, n =2 and m = 4.
12. A method for removing submicron particles from a substrate selected from

the group consisting of hard disks, imprint molds and read/write head assembly parts,

30  comprising contacting the substrate with a cleaning solution comprised of a cleaning
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polymer that is prepared fromeither nononmers having
the general formula: R1 R2 HC=C COOH where R and R2
w0 g00ekhoeen from a hydrogen atom or a nethyl raPCTEE2009085733

from nononers having the followng fornula: O// R1-C

-QA 11/ OR-C-C where R and R2 are independently

H, an al kyl or a phenyl group. 15. The nethod of claim
12 wherein the pol ycarboxylate polyner is an

acrylic/ml eic copolyner. 16. The nethod of claim 12

' I : I r
o B 7 B AR & ARGt tenca
Thieolyssting dnddn ethely teiZuptheize{l diatfie. pol ycar box! at e
polymer is used in a concentration between 0.001% - 6%
by wei ght.18. The nethod of claim 12 wherein the

pol ycarlBoXyit atcthop of glamer 12 wharin dct palychrbaxyias polyh&. comipeises
t. f im12 wh i n.the et. t ed I I ne.
5 R R g o SPGB TR G By BB Bl

r afagasic hdi@or adodickold, n ranges from1l to 30, mranges

from1l to 30, and where the |l ast EO group can be
termnated with H 20. The method of claim 19 wherein

t he et haxyhahrthopot yaim mewhdeia fhegloi@x¥balREpolymer comprises a
polymer that is prepared from either monomers having the general formula:
10
R1 R2
| |
H-C=C

|

COOH
where R1 and R2 is chosen from a hydrogen atom or a methyl radical, or from

15 monomers having the following formula:

20

where R1 and R2 are independently H, an alkyl or a phenyl group.

15. The method of claim 12 wherein the polycarboxylate polymer is an
acrylic/maleic copolymer.
25
16. The method of claim 12 wherein the polycarboxylate polymer has an average

molecular weight between 300 and 1000000 Dalton.

17. The method of claim 12 wherein the polycarboxlate polymer is used in a

30 concentration between 0.001% - 6% by weight.
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pentam ne with x =15, n =2 and m = 4.

WO 2009/076233 PCT/US2008/085733

18. The method of claim 12 wherein the polycarboxylate polymer is mixed with

a base.

19. The method of claim 12 wherein the ethoxylated polyamine has the formula:

(EO), — N (CH2) N (EO),

(EO), (EOQ),~M

10 where EO is the oxyethylene moiety, x ranges from 1 to 100, n ranges from 1 to 30, m

n

ranges from 1 to 30, and where the last EO group can be terminated with H.
20. The method of claim 19 wherein the ethoxylated polyamine is an ethoxylated

pentamine with x =15, n =2 and m = 4.
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