WO 2006/106045 PCT/EP2006/060987 1 Description METHOD FOR
REMOVING PARTICLES FROM A SEMICONDUCTOR SURFACE [001]
The invention relates to a method for removing particles from a surface.
Methwesodesrsremoving particles from a surface are typically msgdrtves/o60987
semiconductor industry for cleaningisilicon wafers during production
processes (e.g. pre photo clean, post CMP- cleaning, post plasma
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[005] The major disadvantage of SC-1 is that the surface of the substrate is etched. It is

not desired any more in the semiconductor industry that substrates are etched during

cleaning. Layers on a substrate shall no longer be thinned by cleaning.

[006] Metallic and metal ion contaminants are removed from silicon wafers by mixtures
of deionised water (DI), hydrogen peroxide and hydrochloric acid (e.g. 7:2:1 {0 50:2:1
at 60 to 80°C), the so-called “Standard Clean #2 (SC-2)”. Hydrogen peroxide is
provided as aqueous solution with a concentration of about 31 wt. %. Hydrochloric
acid is provided as aqueous solution of hydrogen chloride with a concentration of
about 37 wt. %. Under acidic pH conditions metal cations come off from a silicon
surface and some special cations are complexed by chloride ions. But it is well-known
in the semiconductor industry that SC-2 has no useful ability of removing particles.



about 37 wt. %. Under acidic pH conditions metal cations come off from a
silicon surface and some special cations are complexed by chloride ions.
But it is well-known in the semiconductor industry that SC-2 has no useful
abdityoefisenmoving particles. WO 2006/106045 PCTIEP2006¢00398006860987
[007] It is an object of the invention t@ provide a particle removal process,
which sub- stantially avoids any corrosion or any substrate material loss,
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[012] Preferably the cleaning particles consist of an inorganic material because substrate

and most layers in semiconductor industry consist of inorganic material. However, if
organic surfaces shall be cleaned, (e.g. organic low-k material) colloid particles
consisting of organic material may be preferably used.

013} In a preferred embodiment of the invention cleaning particles consist of a material
being chemically identical to at least one material of the surface to be cleaned. This is
because van-der-waals forces and electrostatic forces between particles and the
substrate to be cleaned on the one hand and such forces between particles and cleaning
particles (¢olloids), which consist of substrate material, on the other hand are identical.
Therefore particles have at least the same affinity to the cleaning particles as to the
substrate to be cleaned.

[014] If e.g. silicon wafers are to be cleaned the cleaning particles consist preferably of



being chemically identical to at least one material of the surface to be
cleaned. This is because van-der-waals forces and electrostatic forces
between particles and the substrate to be cleaned on the one hand and
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[020} In yet another embodiment the cleaning medium has an ionic strength of below 2
mol/l. Ionic strength determines the distance of approach between colloid particles
made of substrate material and substrate respectively with the to be cleaned particles.

Above an ionic strength of 2 mol per litre no repulsion between particles made of
surface material and the surface material itself occurs.

[021] In another embodiment the cleaning medium has a pH-value of below 10
(preferably 9). With a low pH value (preferably below 7) simultancous removal of
metal or metal ion contaminations is possible.

[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



[020] In yet another embodiment the cleaning medium has an ionic
strength of below 2 mol/l. lonic strength determines the distance of
approach between colloid particles made of substrate material and
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uItraS(%pIC & WAt this thin intermediate liquid layer, between the particle and the substrate
a minimum of mechanical impact is favourable.

[028] Each thinkable combination of the above-mentioned embodiments is considered to

be covered by the scope of the invention. ‘

[026] Further details and advantages of the invented method will become apparent by the

examples below.

[030] Per example the invented cleaning method was carried out as follows:

[G31] - Fully immersing a silicon wafer carrying Si3N4 monitor particles in a cleaning
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



(preferably megasonic at 1 to 2 MHz). Such mechanical agitation by
ultrasonic energy can either be applied through ultrasonic agitation of the
liquid or ultrasonic agitation of the substrate. There should be some liquid

batwagAdhgsparticle and the substrate in order to reduce vag-glep a7
and electrostatic forces by the cleanihg medium. In order to attain this
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[03fdinimunPsyirsarien iearEapaiarespherourable. [028] Each thinkable
[038pbmbinBtienpi heécalnpraiveationsgd)chabad g SG Zansicerdiiwane : HO,

covered by éi)e ﬁ@@%%mwtm EQ@%HEU}%SW%% {0 an aqueous

advan %es v r@f;lpod])@/ﬂ Beg?m%%pﬁparepé y the

examp er examp? he invente eanlngfg‘zethod was

[038hrried Bﬁ%%&%rﬁmr% R PR e LR O Qe b apr g gpgnitor

N 4 matitlss prarisilisomwabieaning solution (as listed in examples A, B, C,
[03D}, E) [OBR)mppRhSaonyuesristl 2giation (15%QdsH2) Or Gnavinmyieiat (37 wt.
50C 18Pl fasg Rk Walerdorong Ay e, o ey asaURic ratio).

o L A

under nstrogen atm xampgle'A omparatlve Xam

Strorﬁ)goé&mc"’éeﬂﬁ%&ﬁﬂ*éa(D| Water: Hz O z (31 wt. %) : HCI (37 wt. %)
[038]11 : 1Resufuatumoetsiorddiolr v deziiationdi Ngueoilsr potitienfofdtii-on

momghifel, Sufprishally By Z@ng atsaiithlug of HSd[Q86] Besuli thoes known

not rgm\é% ﬁr}%& éﬂi&‘ﬁ%{ﬂg\z@ ;}p&@& (1500 kHz) any Si 3 N a monitor

rticle fer 03 trong acidic SC- 2 xt re

0335 Wa?é’%vp'% Shigbys- a}@ R e AL e 2GR IGACA siica

Luddieeﬁaewmf m T Lad% mﬁ%tﬂ&}dﬁewmwm@s%h& 041 w. %

solutioiiadd) 98caa| fHHEAL.625.7 mol/l H20 at a pH value of 0.03 with 0.031
[o4ut. % cphaigiak 3o RBRlmes it wey e cNde il ¥ASVNdB9lAL9) Sbiloidal
3N 4maniens E'iﬁ&oﬁ(@m U097 e3iel 1 SURIRBAMEUALING a0 o

?enr]noolé\? S?tf’l 5 f‘tgxggﬁfé%@ﬁ?%fﬁ%%?gﬁ‘%ﬁ%&%oﬂt%’n

(salt%‘%llalﬁ’éhf‘ﬁlf@H0|dal silica dispersion (34 wt. %, Ludox TMA) = 10 :

(040101 (vdsarmphe &Eratlbd)inei$COI G4livin W1-oFHaidaHlidE latpihr: NH2E28 wt. %) :
[0401:&1@@13&&:1& AERICMKMEIBMNAELT2HE! (3D YolirHi628:85). This
:ﬁ%lotb o eagﬁﬂ)x(%qf %G%Oifﬂgﬁx T%qn_l/?ﬁ 01 é a %H ga?&a gtcﬂl‘g]azﬁt;r)lr%cass

itions at and 10.4 at 25°C) with 0.03 wt. % colloidal silica.

{042] Eudox® 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 minitum 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, I, 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
WO2004/114372A1. A wafer is placed between two parallel plates (a first and a



solution of 0.6 mol/I CI', 0.5 mom NH . at a pH value of 1.00 with 0.041 wt.
% colloidal silica. [041] Example E: Alkaline SC-1 solution (DI-Water: H
OZ (31 wt. %) : NH (28 wt. %) : colloidal silica. (34 wt. %, Ludox TMA) =
20 28i6k1040481 (volumetric ratio)). This leads to a solution ob8196-a6lco9s7
NH3, 1.35 molA H20 at a pH value of 9.6 (at process conditions at 60C
and 10.4 at 25C) with 0.03 wt. % colloidal silica. [042] Ludox(r) TMA as
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[048] Without being bound to any theory it is believed that the cleaning method according
to the invention consists of two major effects, which are mechanical impact of the
ultrasound agitation and particle masking with substrate material colloids (e.g. silica).

[049] If the mechanical force was not sufficient for removing the particle completely from
the substrate, the particle remains on the substrate with a few layers of water 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.



10.

11.

12.

multaneously. The system is thereafter opened and the cleaned wafer
picked from the cleaning device. [046] Alternatively between the cleaning
step with the cleaning solution comprising the colloid particles and the DI
rinsing step a second cleaning solution comprising the same MCSLLE
concentrations as the first cleaning solution however not comprising
colloid particles (e.g. according to example A) can be applied. [047]
Alternatively before the cleaning steg s the cleaning solution
comprising the colloid particles a first pre-cleaning liquid can be applied.

E.g\ietirerpie-cienniing IRRIGCIEs -eater: 3e0M@Matole) sHfaethe. wgtkod
11:1: ' ied f . j
sl e, e e R g
coIW@I’iﬁﬂdQ Qddme%icm@@uatcrmaﬂqwmremdme(vtgaﬁi@qimm_tiam.is
ap%b%ﬂéﬂ&é‘é‘%%ﬁfﬁ%;g%ﬁéﬁ%}%%%ﬁ nd§ 3 EAcHER gg*ﬁ?g@éﬁé%ical

example is use ning particles by slightly underetchin
paragitatiqodgjanpirilitodiegissticiaadaby tremyaddudidesstnartnéthe
clegpRLmAIAR 2cresding éfb‘i‘%ﬂb‘f%w%c&@éﬁﬁ% OHRARAR LT HSvalue
which are mechanical impact of the ultrasound agitation and particle
magkipjavit Bubstrate material colloids (e.qg. silica). [049] If the

me ical igi : ing, 4k rticd I

o B e e e Blvate
of whieglpwteen it and the substrate. These particles are still strongly

b vansder: dition.of
e e B o e

notiBgrgrnsupwtatiaireduces van-der-waals forces and leads to particle
It ‘Rﬁ_fetﬁgﬂ'c%&%épéﬁ@8‘6‘?&@3{%%8??&8%{& BYEURRLrate SRRl M oidal
colloids and reattachment is strongly suppressed. 7/ MCSLLP Claims 1.
Me#ilseifor removing particles from a semiconductor surface the method

. COMRLiEing &c@SﬂiH@tﬁt%PaW?rﬁﬁﬁe@@iﬁ%&@%ﬁgﬁ'ﬁéﬁi&%&%&@tiéf a material

supplied to said semiconductor surface wherein the cleaning medium
coripitshesaisialy pderdies! sosydaaetionearslieittdiabine svaface to be
meglanicgl agitation is applied to the particles to be removed for at least
part of the time during the cleaning step wherein the cleaning medium
had\iephed 10eoisting nciine] MeeieindbecrRIRIGEs ctamice \siverigrintibe
cleaning. rpediymBas, g pH-value of below 9. 3. Method according to

claim T'wherein cleaning particles consist of an .
Method according to claim 1 wherein devices on the semiconductor surface

have a specific minimum device size and the average particle size of the
cleaning particles is smaller than half of the minimum device size.
Method according to claim 1 wherein the concentration of particles in the
cleaning medium is in the range of 0.0001 to 1 g/I.

Method according to claim 1 wherein the particles have a specific particle
surface of above 100 m#/g.

Method according to claim 1 wherein the cleaning medium has an ionic
strength of below 2 mol/l.

Method according to claim 1 wherein said cleaning solution comprises an
oxidizing agent.

Method according to claim 1 wherein said cleaning solution further

comprises a wetting agent.



13.

14.

15.

16.

inorganic material. 4. Method according to claim 1 wherein cleaning

particles consist of colloidal silica. 5. Method according to claim 1 wherein
cleaning particles consist of a material being chemically identical to at

least one material of the surface to be cleaned. 6. Method according tdICSLLP
claim 1 wherein the average particle size is in the range of 1 to 100nm. 7.
Metilethadcacdingitgdaiotainwhépeinagdexdagsrzintha segiitgreisioter the
surfz-}lce have, a specific minimum device size and ﬂﬁ average particle X
oiz& SN ST G b AR R G ARG S MF R i gBg Gaedium
sizeubshMetiaily aoes dingdontidmpanidiesein the concentration of particles

in the cleaning medium is in the range of 0.0001 to 1 g/l. 9. Metho
SRS R TR SEIRCREs i s e B St

of ahdeed08mi/dhé@iddethgcstaearitingitaalditermatiRieinitpingleaniag
medium has an ionic strength of below 2 mol/l. 11. Method according to
claim 19%Rerein said cleaning solution comprises an oxidizing agent. 12.
Metiethedcacdorgitgdiaiokinwh@ rehessild teairningaltdipis fotdhierd before the
co ngasne:ﬁ asvt\/gtt%g%gog)enethCSLLP 8 13. Method according to claim 1
further corﬁprlsfﬁg ari seng 'step after the cleaning step with an aqueous
rinsifet moedaccovdiegeio dheimnsiwbersiditne melebtamidallpdidedonols applied
contai rticles. 14. Method according to claim 13 wherein the rinsing
stenéﬁsg? lé%?'rie%%lsj?ns'% Q&E%‘nt to the cleaning step without an

intermediate drying of the surface. 15. Method according to claim 13

wherein the rinsing step is started before the cleaning step is stopped. 16.
Method according to claim 1 wherein the mechanical agitation is applied
through ultrasonic energy.



