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[014] If e.g. silicon wafers are to be cleaned the cleaning particles consist preferably of
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[022] Such a cleaning solution may further comprise an oxidizing agent (preferably
hydrogen peroxide or ozone). Preferred concentration of the oxidizing agent is 10 ppm

to 10 wt.% (more preferably 100 ppm to 1%). Oxidizing agents are used for removal of
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solution (as listed in examples A, B C,D,E)
[032] - Applying ultrasound agitation (1500 kHz) for one minute at 60°C

[033] - Rinsing with DI-Water for one minute under ultrasound agitation at 25°C



be covered by the scope of the invention. [029]
Further details and advantages of the invented nethod
wowRlb/1@ed e apparent by the exanpl es bel ow. [BSOEP06/060987
exanpl e the invented cl eanihg net hod was carried out
as follows: [031] - Fully imrersing a silicon wafer
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reno
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so&&fo}l&geﬂlggﬁp%%aq &4 0 remove particles. [039]

acidic 1 molar NH 4 d solution
[040] ( SarExgrgplgtD :d¥xcidic saiktusd dA-Watari: HEL (37 wt. %) - NH3 (28 wt. %) : colloidal

silica (34 wt. %, Ludox® TMA) =27:1.5:1:0.03 (volumetric ratio)). This leads to a
solution of 0.6 mol/l CI, 0.5 mol/l NH4 " at a pH value of 1.00 with 0.041 wt. %
colloidal silica.

[041] Example E: Alkaline SC-1 solution (DI-Water : H202 (31 wt. %) : NH3 (28 wt. %) :
colloidal silica (34 wt. %, Ludox® TMA) = 12 : 2 : 1 : 0.01 (volumetric ratio)). This
leads to a solution of 0.96 mol/l NH3, 1.35 mol/l HZO2 at a pH value of 9.6 (at process
conditions at 60°C and 10.4 at 25°C) with 0.03 wt. % colloidal silica.

[042] Ludox® TMA as used in above-mentioned examples contains colloidal silica with
22 nm average particle diameter (= 140 m?/g specific surface area and pH 4-7. This
colloidal silica is good for minimum device sizes down to 45 nm. For smaller device
sizes Ludox® SK with 12 nm average particle diameter (= 230 m?/g specific surface
area) and pH 4-7 can be used.

[043] Above-mentioned embodiments according to the invention (examples B, C, D, E)
lead to perfect cleaning efficiency (over 99% particles could be removed) at no
detectable etch rate of the substrate (examples B, C, D). Example E showed a slight
surface roughening. Surprisingly all examples (B, C, D, E) with liquids comprising
colloidal silica showed significant better particle removal efficiency that the respective
liquids without colloidal silica.

[044] Alternatively a patterned silicon wafer can be treated as follows:

[045] The wafer is placed into a device for treating disc-shaped articles as described in
W02004/114372A1. A wafer is placed between two parallel plates (a first and a
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fopartléleatd glgc@bramgwamﬁblam icah BéaﬂﬂledE‘SCrl bed in
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pacalloidparticles aifist preaclesning higuidahe be applschJge IHrstipreebldaping
r ng £ LSt .Ql
JcBRY RErRydies O Tk HETEO M. 4 S B i Al for 30
t h%ecgwcm @5 . dhereafear vhescleaning spbution qomprisingribeicllaid particles
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W a cCl e SO 0
ab Eﬂﬂ%ﬂ? EUONE éRQF@ngf E“’t §8§8‘F‘%‘9F é':'nfﬁQ @ iﬁ‘? fiEsd preagleaning

i nhiguid frethiis examplkais ubdfal fue duosériag patieles dpdlightly dridestching the
pl airﬁzlfrom an orifice near the centre of said first
I

e..esl'he solution is introduced into the second gap )
[048] ( bet Wathout bmng\)acblmd taauy theerysié cxdhredicyddethal)thé cleaning method according

gr ‘of thé an@ ? fsﬁ%ﬁ*%s Irfbitj or%@fegts Swhith %&h@élﬁmc%ﬂbact of the

ol ution rst and second gap). are pt
i nu gaﬁ%we aeitticn mpdipgrislemasking wEh Ul Tﬁﬁt@éalé:oumds @. silica).
[049] dl st Iiﬂ”tB@n@f:hﬁnhSAUforé?&%s diQufflcidn@ sstittmotiha ARdhieeels c@ﬁpletely from

t htile Isgc Die ﬁl ate; Il‘? }Eserrr?a%]scgn lIllle tsﬁbs%ra{é with & fow Yaygrs of watet between it
and the substrate. These particles are still strongly bound to the substrate by short
range van-der-waals forces. Addition of small substrate material colloids, which are
attracted by the particles but not by the substrate, reduces van-der-waals forces and
leads to particle lift off. Additionally removed particles are covered by substrate

material colloids and reattachment is strongly suppressed.



3000 kHz). After this cleaning step the cleaning

sol ution conprising the colloidal silicais directly
wale@plieoesl by de-ionised water (D) or dil ute BCI/BP2006/060987

Hence no internediate drying of the wafer surfaces can

occur before the colloidal silica is displaced from

the gaps. The DI -\Water is‘;ﬂ' §ced by nitrogen gas
bei ng i ntroduced i nto bot ai si mul taneously. The

[001] SYSt eMMetholdTeF Rafdvilg RRENISKEGY st onieateiti8s f method
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conpr i sdidignhibendudtor eurfiace avticrdih €t Aduhing@eddimrdofgiriags cleaning
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(DI -wat.er : HC §7vvt. % : HF (49 wm. %9 =11 : 1 :
0. 01) ?lﬁcaappl ied for 30 seconds at 25C, thereafter the
[004] cl eani Mgthed|acterdimgao ofair 4i wigeréih eleaninl padicharcongi$ted a material
(DI - W4 ; 12, 51..60l1.ql dal_Sieli G 4 Wt .
oh Lucesirs iyl ftleat o fofiiine ot e Prpddiolqloanea.
[005] appl i eMethod agenrdingrto glaim d curedein she BRge Paticld $izg is in the range of 1
pre-clgamopg. ! iquid in this exanple is useful for
| ooseni ng particles by.slightly underetching. the
[006] par t i cMsthodjageasflingite ﬁéml 13%#%111 evises erothg sermicaadycyor;sprface have
i s bel i gyeticthimimbineictice sk agd MRidverhgd padickt siig dfthd ¢leaning
i nvent I"’S‘E{ lconshals I?lf hz\g@ fﬁeor. effegts whi ch are
mec hanPHEFIE} isalierihag Rl of i Jupiim 45Y¢4876n and
[007] par t i cMethuvdskcordingito blagu b svhentie theaconcemtation lof partisles in the
(e. 0. Skl I 0491 m&bni |,4f Orce was not
suffi c?lké%ﬂtlﬁ orem&lglrrlglll?%%r% partil éltg?uggh'pl etely from.
[008] t he suMsthodtascording to glatmn d|whereipghepardeles ave s ppeeifig particle
Wt h agdrRite beysive 106 er between it and the

substr . .These partjcles are still strongly bound to
[0091 ¢ he su@t?ﬁ’f’gtaéc‘ﬁ nge Fialmiﬁfg*&r@}aﬁh%@?w%ﬁé@é@ ionic strength
Addi t i effbeddw 2amdl)l. substrate material colloids, which

are at ct.ed by. the particles but .not b .he
10101 81 & 21 Mol etink 15 o 1, ek B o ting Ml hag @ i value of
parti cbadowilft off. Additionally renoved particles are

[011] COVer eﬂlﬁﬁ%d%&ﬁ'ﬁfﬂ?‘[@ [ §ryitreif Q.Iauldgi%ﬁm%%glu[u 16 ﬁ)mprises an

reattachnent s strongly suppresse ai-ns

Met hodoFidizingcagent ng particles froma sen conduct or

[012] sur f acRietidd J0BrORG t6 SRRH I1SVFein s&idRRAhING s6hu@Bn \WieHeR chmprises a
an aqueous cleaning nmediumis supplied to said
seni coNBUB8 88 ™yr f ace wherein the cl eaning medi um

[013] conpr | Method|aeeording to alaim d| fegharwoppnidiag ai rinstngostdp afted éle cleaning

o t1 T, VRS 3l fias BALHE pledleh AR I e iiurp substantially
dur i ngdeey@ot¢amdain partistesp. [ 002] Met hod according to

[014] 'Clnair m %’I_eﬂ‘l?)ﬁ%?&?dﬁﬂgqg Blafi 103¢Hek&Gh B BRI sidp Rka®ed out subsequent
' no gatol tﬁe (r:rlaeaneinlg gteb without an intermediate drying of the surface.

[015] Method according to claim 13 wherein the rinsing step is started before the
cleaning step is stopped.
[016] Method according to claim 1 wherein the mechanical agitation is applied through



[003] Method according to claim1 wherein cleaning
particles consist of colloidal silica. [004] Mthod
wa@ewonaionyy to claim2l1l wherein cleaning particlBGI/EP2006/060987
consist of a material being chemcally identical to at
| east one material of the surface to be cleaned. [005]
Met hodulaasomiciénegey.0 cl aim 1 wherein the average
particle size is in the range of 1 to | OOnm [006]
Met hod according to claim1l wherein devices on the
sem conductor surface have a specific m nimum device
size and the average particle size of the cleaning
particles is smaller than half of the m ni num device
size. [007] Method according to claim1 wherein the
concentration of particles in the cleaning nmediumis
in the range of 0.0001 to 1 g/1. [008] Method
according to claim1 wherein the particles have a
specific particle surface of above 100 nR2/g. [009]
Met hod according to claim1 wherein the cleaning
medi um has an ionic strength of below 2 nol/1. [010]
Met hod according to claim 1l wherein the cleaning
medi um has a pH val ue of below 10. [011] Met hod
according to claim1 wherein said cleaning solution
conprises an oxidizing agent. [012] Method accordi ng
to claim1 wherein said cleaning solution further
conprises a wetting agent. [013] Method according to
claiml further conprising a rinsing step after the
cl eaning step with an aqueous rinsing nedi um wherein
the rinsing medium substantially does not contain
particles. [014] Method according to claim 13 wherein
the rinsing step is carried out subsequent to the
cleaning step without an internediate drying of the
surface. [015] Method according to claim 13 wherein
the rinsing step is started before the cl eaning step
is stopped. [016] Method according to claim1l wherein
the mechanical agitation is applied throughultrasonic
ener gy.



