2 characterized in the liquid of the liquid bat h

(2) conprises an aqueous HF solutiop (3) with a concentration
bet ween about .001% and about 50% 5. 6. The nmethod according to claim
5, characterized in that the HF concentration in

t he acqueous s@bWwhi®idzi s between about .01 % and P@bmhﬁnﬁsﬁ %
10 7. The nmethod acecording to one of the preceding clains,

characterized in that the substrjate conprises si i con.

8. The nethod according to one of the clains 1 to 6, 15

characterized in t IROCGEHDURE FOR DRYINGBHLIEON o cerani c

material or a glass material. 9. The nethod according to one of the
claims 1 to 6, characterized in 20 t hat wherein the
substrate conprises | asti.c material . 10. The method according to
one of the clainms 1 g'oundofthelnventgmar acterized in that the
substrate c@pri ses Keldof the BiRértional . 11. The rmet hod accordl ng to

f th I | zed i N t t he
gﬂg_s? r at eecgnglrﬂiee‘p‘@gP’g?éW&PW%'&aﬁ“@% e staces of matsrials, f‘{‘} &yone
of ¢l aims 1 to semiconductors, cerannemmet,@lasmdplasncs and, in particular) sificornwafers and
substrate (1) gagr Hiks, |w1ﬂi=ﬂu¢a§lﬂisﬂaté3s)d1 %ﬂiﬁgﬂtlﬁﬁlmﬂlls' f.lfﬂa&gafé'kﬁ-ledasltdl g

substrate out

The od, accor
to anyone of clsﬁ?%w‘lf?@@ihqmﬁ sl By Wﬁétgﬁ?‘?ég‘eil?ﬂ“‘ds“r}a‘e the gasat t he
substrate (10) dweingtseluble igihetianid sndiowering,the surfateiignsion of thiediguidae | i qui d from
the bath (2).

Description of the Related Art
When producing microelectronic devices, silicon, which is usuaily in the form of
monocrystalline wafers, is badly contaminated or damaged as a result of cutting,
15 polishing, varnishing or similar procedures. For that reason, the silicon is usually
cleaned in multiple steps, which are usually performed in liquid baths.
The different.chemical treatments are usually selectively effective for different types of
contaminants (i.e., particles, organic coatings, functional organic Si-CR, groups or
groups of metals, which show similar chemical behavior with each other). The chemical
20 treatments are typically separated by rinsing steps to make the silicon surface free of
chemicals and to avoid mixtures of chemicals. Superior water purity is important to
minimize the risk of recontamination by metals at pH neutrality.
The silicon is at risk of being recontaminated by contaminants, such as particles or
metals, of a type that was removed during a prior phase of the cleaning sequence because
25 of contamination present in subsequent rinsing steps or in chemicals, such as stabilizers
for H,0,, used in the subsequent cleaning steps. The total cleaning sequence is finished
by a drying step.
Many different drying procedures for silicon surfaces are known. These drying
procedures include dry spinning by centrifugal forces and drying by solvents like
30 trichlorethanol or methylenechloride. Furthermore, there are drying techniques using
hot air, hot water orisopropyl alcohol. One disadvantage of these popular drying
- procedures is that immense stress is put on the silicon wafer by high mechanical forces.

. Accordingly, the danger of damaging the edges is high and, moreover, particle
generation caused by movements of the silicon wafers relative to the carrier, is possible.
. 35 In an extreme case, especially with thinner wafers or after thermal treatments, this stress’

can result in breaking of the wafer, thus destroying the complete drying object and
contaminating the surrounding wafers with particles.
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3 14. The method according to anyone of the preceding clains,

characterized in that the liquid bath (3) contains at | east one
additive selected fromthe group § consi sting of acids, organic

aci ds, surfactants and solid additi[ViéS SHEET HASIBEEN e net hod of cl ai m 14,
characteri zed 97/08742 t hat gai d. Ia;q,_.m_mb one fdditi ve pcaEros/@sid

sel ected from Uhe 'group consi sti ng “of—He- H3PO4, H2SO4, HA O
HCO @2, HO 3 and HA O4. 16. The met hogl of clai m 14,

characterized in that sai d aqueous solution contains a mxture

of aci ds sel ect Fhe drying pracedyres gan % lead to high opsratingtdostg dus toHte nseFf@spensive
H3PO4/ HO ,  H3POdyrdafidt Msﬂ&al'?@%ﬁ@ ik h%@ﬁry Finally, ohé disdd\anfapd 6p4h @k

f cl 14, t d t
TR v ey S AT ————r
18. The net hod sdrfacksafluring4he drying process. characteri zed in t hat
sai d at |easg Oitﬁo@ﬂ‘ﬁk&cb?iﬁ?é ﬁra@l é?ﬁébh%:@&és@nﬁ&'xﬁ% élé@m&aewm oni
consi st ng a

I c,a cltric acid. 2
1o The. et hod Devigs i Gpssaand Liguids 3, n ‘Barksies i Grees 8 Liguios 3 Delection, o
sai @ organi c acCHarasterizhtion ahd Coatrad’ , dited by KerMmal rPMnuunPnis, Newtﬁoﬂbd&% 80

% by ' 3 imd
characteri zed |Haég§bg@t282 %eﬁ?ced de ur?ﬁa}, 'S &%?gﬁﬁgﬂlﬁ 3x1ewgf |naI
concentration oF“@E‘tbéthéBSﬁentWg e silicon wafers Withe waisr bath by adding ap o

met hod of che@i nisdgropyl alcohol/nitrogenimixéure everAlnsisurface of the bath. Isdphmyl alaolbl $0! i d
addi tive i's NHE g ple in water and lowers the surface tension when solved in water,

' The known drying procedure is based on the so-called MARANGONI Principle or
MARANGONI effect. This principle is based on the fact that there is a higher
concentration of isopropyl alcohol on the slightly upwards curved area between the

16 silicon surface and the water surface when the silicon wafers are removed from the water
bath than on the water surface further away from the silicon surface. The higher
- concentration of isopropy! alcohol in the area between the silicon surface and the water
surface causes a lower surface tension there than on the remaining water surface. This
' gradient in the surface tension causes the water to flow from the silicon surface to the
20 remaining water surface, which results in the drying of the silicon surface. A
disadvantage of this procedure is the metallic contamination of the water, which causes a
metal contamination of the silicon surface as well. Furthermore, organic residue on the
surface, which can be caused by the isopropyl alcohol, can occur. Thus, there is a need
for methods for drying the silicon surface without metal and/or other contamination of
25 the silicon surface.
Summary of the Invention .
The invention provides procedures for drying surfaces. The procedures of the invention
guarantee the purity of the cleaned surfaces and the effective drying of the surface. The
30 invention is appiicable to surfaces of many materials, including semiconductors, metals
(particularly aluminum), plastics, glasses, and ceramics. The invention is particularly
useful for drying and cleaning laser discs and semiconductor silicon wafers. It is to be
understood that the invention is, however, useful in drying substrates of any adequate
physical form, especially in the form of wafers, plates or discs.
35 '
In a first embodiment, the invention relates to a procedure for drying a substrate surface,
wherein the substrate is dipped into a liquid bath and the substrate and the liquid are
subsequently separated while providing a gas over the surface of the liquid, ttlci_g;aﬂ)_e_in_g_/_

" ﬁif“’




22. The nmethod of claim 14, characterized in t hat
said solid additive is added to give a final concentration of up to about
50% by 5 wei ght . 23. The met hod accordi ng to anyone of
clainms 1 to 22, characterized in that the nmethod is
carried out atygefimaaaerature between 0 and 100 degrees Cel siper/ridénassr 24.
The net hod according to claim 23, characterized in

that the method is carried out at a tenperagure between 20 and 50 degrees
Cel si us. 15 25. The nethod according to anyone of the preceding clains,
characteri zed isoluble in the liquid and dewering the systace tepsion of 0@ lignidi HEor@RAGElegas
mxture is bet yegiorddubtr Siiforwafefcdre dried upon removal fr6th adiquidbdt? cSAPrising an

POr g6/ 03541 aqueous HFSolufion St concentration between .001% and 50% with an OO gas

sol ubl e in the niiktyee provided dvenhei sutfacehef theiaqueows HE selution.of the |iquid. For
exanpl e, a 5 112 365h8 CRBNEREAE, BeliheRBon Rifs 16 2 mbRod bf dfing BXbstaENRtcd ' OM
aliquid bath ¢ [ m&?an R iEE?‘@ueos F sol ution a _concentratl on
between . 001 9wt sHlysite is digpod o and subsequently s¢ iR it
surface of the gasymixture iHfirectdwiventhe surface of theaubstratenaftee sdparhting the, subsitate

I nvention rel a RuidBlahio ffxg,;, I N ; : . LN
the substrate }ﬁgﬁhfhgl 8 | nt 6d1<=';1& su%ﬂéc’egl,sfgl#fﬁ@ﬁé%ﬂa t ed r%bg‘ﬁ‘?pﬁﬁ%faggt h
and a ga§q‘9ﬁ°§$ e‘°i“§°’éli“’1“£@t"€ﬂ°eﬂ% T é’% aé@’gf‘“ % and agas mExtgE: of

separ at i ng 10he comprsingaOg/O; is directed over the silicon wafer surface upon removal from the
aqueous HF solution. '

Brief Description of the Figures
The invention is now described by reference to the figures in which:
15 Fig. 1. shows the removal of a silicon wafer from a bath with an aqueous HF solution
by adding an 0,/0, gas mixture. '
. ‘Fig. 2 shows.the removal of a silicon wafer from a bath with an aqueous HF solution
without adding 0,/0;.
Fig. 3a-3c shows the chemical processes of the cleaning or hydrophilizing of the silicon
20 surface using the procedures according to the invention.

Description of the Preferred Embodiments
In a first embodiment, the gas mixture added over the surface of the HF solution
contains 0,/0;, and nitrogen or a similar gas can be used as a carrier gas. The carrier
25  gas should be chemically inactive with the O,/O; component of the gas mixture. -
Suitable gases include air (N,, O;, CO,), CO,, He, Ne, Ar, Kr, Xe and Rn. The share
of O; in the O,/0; gas mixture is preferably 1 mg up to 0.5 g per liter of 0,/O; gas
mixture. The gas mixture can consist of only O, /O; . If a carrier gas is used, however,
the share of the 0,/O, gas mixture is preferably greater than 10%.
30 The silicon atoms active on the surface are changed into Si-H and Si-F bondings. The
resulting hydrophobic surface character allows drying even at very low temperatures.
The pH value <7 of an aqueous HF solution during drying prevents metallic
recontamination. Furthermore, the HF removes metal contamination in the liquid bath,
which exists in an oxidized (= ionized) form like Fe, and iceeps it in the liquid as metal
* 35 fluoride complexes. If ozone is added over the surface of the aqueous HF solution in
accordance with the first embodiment of the invention, it dissolves partly in the aqueous
HF solution and transfers covalently bonded Si-Me combinations to ionic combinations,
Me designing metals.
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fromthe liquid bath. For exanple, a sem conductor silicon wafer can be

di pped into an aqueous HF solution with a concentration of between
001 % and 50% and a gas m xture 10 conprising 2/ is directed over the
silicon wafer surface upon renoval fromthe ' aqueous HF sol uti on.

Brief Descri ptivagnondsrd2he Figures - The invention i s now deewEPIsRSs4DY
reference to the figures in which: 15 Fig. 1 shows the renoval of a
silicon wafer froma bath with an aqueous HF4sol uti on by

addi ng an 2/ 3 gas m xture, shows the renoval of a silicon
wafer froma baMperegveh when disselying W%’GI‘E“E aqgieous HF solution, the MARANGONE ¢ffedtg
2/ GB. Fi gccudsacdorditizaoshd drone boneentedtions dhe sitieon surfatdicomdsamni ng or :

atcorting 1ot nBHRREY i the ducous HE soluion MRS, PyotRe R FRM, &

Enbodi nment s aquepps olytionst enbodi nent, the gas m xture added over t he
surface of the Vﬁﬂﬁmk'pi'dc@ﬂhreaccordlﬁiﬂitﬁéBéi:oﬁ@éﬁ&adxﬁ&d: dfltﬁdxﬁ%ﬂoﬁ)rtha g4 m | ar

925 o0 0%, e nitud RLIASE OBFS s GG B i, S SAPUAE, 0L
i ncl ude ai r ~( N2 making mymn@@zfmﬁ\wdmpbmcmkes iplace ndyaﬁdrmndrym&pmae The
(Cj)];lg Iggst he 021‘,@%“ gﬂhﬁﬂ%&d\:ﬁ:l@ﬂﬁf df?hé%ih&ﬁ g per I|te|rfof
oS . xtur € cacons.oo a
carrier gas is N@H‘t"’t{’n &E\? e'“b"d“? °n‘8 %é‘f"be‘%aé’é ‘gaﬁq‘
preferably goeafmm ﬁ:baqu@ﬁﬂ/HFaﬁluuorT ban be dlomaltha'thyrhfuagﬂmsélcunowd tleFace
SUr T ace char act Sk bt b flowiRg “*m‘?*%%‘?@“ 5 by 2 ORBibabe\E BOMET 0PN
val ue <7 or an ittt Sraeskrt ptRrGRE TR AL EOPE o IRYFE SOt e efative speed of
r econt ani nat i on separatiphewhich eonstitutesithe mﬁbo’ésmwalaif theosilfcanifroat thersolution bethe
l'iquid bath, | ns;[;eede\ﬁﬁhﬁ'ih bﬁkﬁxﬂoﬂfﬂiﬁﬂ%'bﬂﬁ#?ﬁabﬁmlﬂi%@@o Exﬁ?d&hhd‘e Fe,

and keeps it

or| e ozone i s
added over tfe fF:} l&‘@% "‘ggfﬁgh 3de8 ’sanad"é‘&%?cfg}?&éh%th
the first enbodMANﬁi‘OleﬁfacmmeMIyaffecmvaerM&themeUMerus

HF sol ution and atdofdi &fﬁe@&\sa& %béammwmﬁvamsn%@%mls of Qepafiltio

E%—??'EBSE} 82;41 between the s co &&e SU; }face of the solution is about (WPtc?Zbou 5&% /sec and

Mor eover, when greferablyiahopt@:Diocabont 3.8 emiseactines thedrying.can be dorsqq‘eermmm\u
ef f ect 20 OC Gufthertiofs) [the at@iedud HIM SolGdeH an @OMGRNAAEVESlike officS¢Inmpoands

surface comes ophg, .. a%dw%gogﬂ%}x bfeblo &R BTG, BigHR0 S0l FruOls bR aci®ani ng

that it is wett
acetic acid and citric acid), acids (such as HCI, H,PO,, HCIO, HCIO,, HCIO; and

HCI10,), surfactants (cationic or anionic) or solid additives like NH,F, provided they do
. not destroy the effects explained above and effective cleaning and drying of the silicon

25 remain. Acids are added in the amount of 0% to about 50% weight, organic compounds
are added in the amount of 0% to about 80% weight, surfactants are added in the amount
of 0% to about 5% weight and solids are added in the amount of 0% to about 50%
weight: Specific applications are possible, with which a stronger than mentioned effect
or better cleaning and drying can be achieved by adding one or more acids to the

30 aqueous HF solution. Preferred acids are HCl, H,SO, and H;PO, or mixtures thereof.
However, any one or more of the acids described above can be added using the ranges
listed above. Preferred mixtures of acids are HF/HCI, HF/HCV/H,SO,, HF/H;PO,,
HF/H,;PO/HCIl, HF/H,PO,/H,S0, and HF/H; PO,/HCI/H,SO,. Otherwise the HF
solution can be skimmed out to a concentration of c=0 (pure water).

35 Furthermore, enriching or saturating the aqueous HF solution with ozone before dipping
the silicon is an advantage, which results in cleaner silicon surfaces. Multiple mono
layers of silicon are oxidized and then eroded. Thus, the cleaning is effective even for
metals closely beneath the surface (subsurface contamination).
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aqueous solutions. 5 Wth the procedure according to the second

enbodi nent of the invention, the gas m xture containing 2/ is
directed over the silicon surface only after its drying. Thus, maki ng
the silicon surface hydrophilic takes place only after the drying process.
The advagbagesred this procedure is the very quick dryi pgrape

silicon. Wth both of the above enbodi nents according to the

i nvention, separating the silicon 10 from ghe aqueous HF sol ution can be
done elther by lifting the silicon out of the HF sol ution or by down

f1 owi ng the HF TheHH-taneentrstion js prefstably briweesrpbort .9b%Hand about .19y  Fhetragge can
pr ocedure accomlm@%mﬂ&bg@% @Bﬁ&ﬁh{f&ﬂl—ﬂ: f invention, the relative
speed of se i gn | of the
silicon from t Kb '@g?ﬂﬁn(?ﬁbﬁt?mﬁt%g'm E g%“%@&%ﬁ'%sfgﬁﬁgé %Qﬁézgd’ﬁh on from
the bath, is alsontinugusly supplying %Hﬁﬁ@@nm with ah PeiQy zap stieamsdernexamplg, about
1]9]‘ fm{ sec. §uch bﬁbﬂlﬁé")fs Ifoﬁﬂ\t@r pa‘i'azﬂébeﬁdikafﬂénmtuﬁl Eb‘déerzti;]hﬁon of HF M\W
effec |sespe ctive at.low spe e cedur

according to tHé M‘%ﬁ) L% ‘feﬂf’/ee?ﬂ{h&?sz ggﬁﬁ'ﬂ‘@%%
separ ation smmetMmessﬁlchngmd ckumgmedmmbe achiavind with laicontinuous
2?7?2200 s}nzzg t d%agg Sm%e donege\}nboﬁfn‘iécn?rtﬁ@@é Esﬂttﬁ%taﬂ ge uﬁS(p
Coeos T"oor b A Sh0 55 ik edokpenrobtn th oot avpt o' el s . ©
(such as ali@ohdin estimapdopine ofithexizone conderidtiog in the EHisolutioniisiin the tange af10 to
formc acid, 0 m /pcetlc acid and citric acid), acids (such as HO, H3PO4,
HC O HA @2, H ct ant catlonic. or anl oni c) or
sol i d additivedmo aﬂﬁ&ﬁgeﬁfﬂ\% @&?%ﬁyﬂadﬁ‘epm “‘S‘? h 5?’?15@ PHB %ef fect s
expl ai ned abov derapatatefef range hetwesn dbandrif0 sagreel Gélsiys, dlie praferred kemperatyrs being
remain. Acids ajqo3gdegteld'Cdififis.amrount of 0% to about 50% wei ght, organic
conpounds are dd d in the amount of 0%to about 80% wei ght,

surfactants 15 are add €t he anount o of 0% to about S%V\e'-,?,ht and
sol i ds are addédigi hshows azsiticon twafkr h%m@labbwlymed from ahatty? withgpagngous

applbl f?t ' onls argg &ﬁﬁﬁ%rpé Sfter'teing difped Efelyoiﬂﬂﬁﬁlebﬁlgn T’lﬁ@ﬁrb&ibﬁ%f@élﬁ@@l ot(’j

or better clean an ca achi eve ng_on i ds
to the 30 aquéh%gl ?%JF{: sg"ttf P—’P@?‘éer 'ée?gcahb%pwﬂ?§ gﬁ o4 or
m xt ures t her eoafer. TheSPmmovammWMt%%wmhwE@lmwmﬁm
above can I adﬂﬁWdi dnlEto/tRE§BEon wafer sukfadd Shdws fievemulnedradding oFf Hieur es

of acids are HE CI/H P /HCI
HF/ H3PO4/ H2SO4 é’k_@ gﬁ'—‘/ ?@E@f yiipa near the ?ﬁ - sol uti on can
be ski nmed out Wberaslewcrempwas thersilison wader (1 fem theaquequs HE solution 3, ths sutage

enriching or sajfyiedqdussustHie selatisnouiskHb thokilitonanriate, mmmbemapwmsn IThisiing

MUl 1 pl m) $H0 By 2By g Or bRl 9 Bkl BUELBGER
the cl eani @ i 5501:!1&9@@{1‘%/% suxfage of ge silicon wafer: ln| At poinisA more prpps itdissolved Hanac e
(subsurface COFHt«'ﬂiB otidriphiees of the surface of the\d6lutidn, G/ Ashown by point B. Since at
- concent rat | BT JeEs s Hgher gz conoenion thapat point B, et ower ity T
range can tenslon at pomt A than at point B. This gradient m the su tension causes t(ime

aqueous HF solution to run from point A to point B, drying the silicon surface.

30 Fig. 2 shows a silicon wafer 1, which is slowly removed from a bath 2 with an aqueous

HF solution 3 after having been dipped completely into the bath. The direction of

removal is shown by the arrow pointing vertically upwards over the silicon wafer.

Because of the hydrophobicity of théilicon wafer, the surface of the liquid is bent

downwards at the silicon surface. The hydrophilizing of the si.licon surface by ozone

” 35 takes place only after the drying process is finished.
Fig. 3a shows that the HF solution in the aqueous solution guarantees the eroding of the

silicon oxide Iayers into which metal ions like Fe may be embedded.

LJ.
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be 0% (pure water) to 90% (concentrated HF). A stabl e ozone content
conparable with a saturated status gan be achi eved by conti nuously
supplying the HF solution tank with an 2/ O3 gas stream (for exanple, 5
, bubbling”). OQther parameters |ike tenperature, concentration of HF and

addi ng of woldhidshases (mainly surfactants) have an i nfl uengerpvsiosa
ozone content and the saturated status. A successful cleaning and
drying procedure can be achieved with a contignuous 2/ 3 gas stream

In a preferred enbodi nent, the gas streamis in the range of about 50
to about 300 |/ Metalccontamination dike Enewhich@re disectiy cornectediboran Sifatem,oare réfoved
about 50 g/ h. 1Gy a KeédoR prdce| a¢ishoamnus Fed, 3phe ozone concentration in the HF

| uti is i th d t f
the i nvent on | mﬁ&asﬂﬁmgwi*&%wwaﬁ desiimsuppegpondl, 7V 9% ©
t enper at ur e r an@éhubdhesiicondieaves theGyiig hatheperfertlysilean, hydrephilicindrdrgd

temperature Rei er embodﬁ%n&s%f‘iﬁ)e ﬂ@ﬂfﬁ%ﬁﬁvn@%&i nt icone dpf orr((l)%arg %@W “h

Fig. 1 shows a'sj

an aqueous Imllggéb'fhﬁmﬁegw %?VY{]"@F ‘H’éﬁ *H\ﬁ‘ ﬂ‘?%g‘}ﬁl% the dryjng of; silicon waters,n

The  di recti on ofthe inventinh isdpplicable totd;hstmtdsmf onnyakerialk in additiciwo siljcoh ) suchias ow-

15, 1Ly 8 kel o o S iy,
arrow di agonal ?"E"BWC\EHF‘@ éh#ﬂa@@s%ww%swmgmm hRli ng

of the 1002 /haiding asy adegtiate physical foring surh e thefomo bfitvafers, pRess or dicsvafher
surface. HF
solution 3, the sur?@cfeg%hlﬁmy tﬂﬂgﬁegﬁil??é%ds’ %ﬁ%fn]edfb&tl c#?ﬁg‘fv%&;{%’g“i
silicon surface, which is bent upwards. This is shown by an upwar ds

curve of the liquid surface at the area between the surface of the 25
solution and the surface of the silicon wafer 1. At point A nore ozone is

di ssol ved t han at the other places of the surface of the solution,
i.e., shown by- point B. Since at point A there is a higher ozone
concentration than at point B, there is a | ower surface : tensi on at

point A than at point B. This gradient in the surface tension causes the
aqueous HF solution to run frompoint Ato point B, drying the silicon
surface. 30 Fig. 2 shows a silicon wafer 1, which is slowy renoved from

a bath 2 wth an aqueous HF solution 3 after having been dipped
conpletely into the bath. The direction of - renoval is shown by the
arrow pointing vertically upwards over the silicon wafer. Because of

t he hydrophobicity of the silicon wafer, the surface of the liquid is bent
downwards at the silicon surface. The hydrophilizing of the silicon surface
by ozone 35 takes place only after the drying process is finished.

Fig. 3a shows that the HF solution in'the agueous sol ution guarantees the

erodi ng of the silicon oxide layers into which netal ions |ike Fe may
be enbedded. WO 97/ 08742
PCT/ EP96/ 03541 6
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Metal contam nation |like Cu, which are directly connected to an Si atom

are renoved by a Redox process, as shown in Fig. 3b. Fig. 3c
shows how t he ozone causes the sg . =0Xi di ze. Thus, the
silicon | eaves the drying bath pg¢ /drophilic and dry. 5 '

O her enbodi neyd 87/68%42t he 1 nvent i t 0 one OpCTIEPRY6OSS4Y
skill in the art. Al t hough odi nents and exanpl es

describe the drying of silicon wafers, - = the invention is applicable to
substrates of nmany materials in addrtron to'silicon;y al s,
pl astics, gl asses, @mseram cs. The term,, subst rat e m’mmm"' HII”EMI
substrates that support electronic circuitry, but applied te amy

obj ect supporti ng a surface, i havi ng._an a,de uat e physical form
such .as the fordm of N\ﬁ?@%“%éss“éimfﬁ%'é“ea omprising; invention is not
limted to t he dippp the substratejite 4 liguid tiath @¥f i ned by the follow ng clains.

WO 97/ 08742

- 5 aassm&over the surfafe of the A:qr%d tlgla a g?s tgraty 1|s rs]oluble ?ﬁ‘)%t . git%/e a(ﬁgur ace
(1), corrprr si ndewers the sugface Jension; of thesligyid Wé?’edﬁf‘?ﬂl@d ?r?‘ﬂu bath (2); 5
passi ng over t rgepmganesmmaa) lahd) thedigaid (3) at )rate sublathat the differédce in surfdce

liquid and that

di ssol ved theréﬂ?‘m beﬁ&ﬁgﬁﬁ@ wgn ﬁ{s%e su?l[#186 ?fﬁl f;\)eﬂ%sdlp{:ﬁg'}ubstmg (3)
at a rate such suﬁeaemﬁéhqjm@wmsétoweem%ﬂonofdlﬁ

l'i quid haviog ubstratesuefacecdrivs trt substraes upbnsepdration. gas by the substrate
surface and the liq Ripedi ssol ved gas away
fromthe 10 suUbst ré@ @%?ﬁ&gﬁﬁrr es n{aﬁée) Ssu {?at e upoﬁ separation. 2.
A met hod of dr dipRingthe sphstratgdnto @ digpid bath @ conpri si ng: di ppi ng the
substrate i nto sapdratifigi the hbkthaté frbm the liquid dpthr(2Y, itgsubiteatessusfate bding hydvoplhiobie

cepar ati on 1 onPPhserAEE opl i Nafiadad, “gtﬂqy“«‘é“eﬁ“‘%@@*&s‘% fom PP R

bath at a rit e thas permits the bathiliquidite draispfram the, hydsopheb ’& equétrﬁ’t

gydrophobr C surgrédire aldry fbswatiidndat e to produce a dry substrate and
irecting over ?Qti;sg

substrate (1) erl%*uﬁ&Je?ﬁ’% sﬂ{fa&e'ﬁ? P%]ﬂ{l’é agﬁ%rh%?{"ﬁﬁ Qﬁ{tﬁﬁ-ﬁg@ g

surface on t he liggisd tga,tlhggasmatfomyahy T ’-hgfﬁ%‘“a the SERHTRE- t o cl ai m 1 or

claim 2 wherei rB t he 'lmalmettroﬂtaecordmptodmm P Or claisn 2 iwherein ﬂlhsubstrqtarcdmphseshe
1 qut d bat ool 2ERRPHE HER cRUERSauk ) §Phplbe i leoBHIE sRdion 3) andl e

conprises an e met ho ccording to ¢claim3

wherei n the | i (&5 QomPprisehan Lo/QsimixWR-h ( 2) conpri ses an aqueous HF
sol ution (3) wi4.h aThemetnkiraatdrding kre¢luized whibwin the Biquidoof the liquid bataf@ut 50%

25 o CBRIpRSE ARddhs B doflutoh Y With WoSiicehtthtioh Betwees S50E 1001 % dran | N
‘'t he aqueous
about 50%. .
25 5. The method acoording to claim 4 wherein the HF concentration in the aqueous
solution is between about .01% and about 0.1%.
6. The method according to claim 1 or claim 2 wherein the substrate comprises a
ceramic material or a glass material.
7. The method according to claim 1 or claim 2 wherein the substrate comprises a
30 plastic material.
8. The method according to claim 1 or claim 2 wherein the substrate comprises a
metal material.
9. The method according to claim 1 or claim 2 wherein the substrate comprises a
laser disk.
35 10. The method according to claim 2 wherein the substrate comprises silicon, the
liquid of the liquid bath (2) comprises an aqueous HF solution (3) and the gas comprises
an O,/0; mixture and wherein the relative speed of separation between the silicon (1)
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solution is b about .01% and about 0.1 % 6. The et hod
according to !!ﬁ@v lﬂﬂt" whertein the substrate conprises a

ceram c materi eriall “TH] nmet hod according to
claiml1 or claim?2 wherel n the subst|r eﬂg rH@eBE%N 0 pl asti.c material .
8. The met hg@ apgasdi ng to cl ai mil_or REAGED wher €i n t he

conprises a . metal material. 9. The nethod according to claim
1 or claim2 wherein the substrate conpri sesga | aser disk. 35. 10.
The met hod according to claim2. wherein the substrate conprises silicon,

t he |'i qui dndthetstwfadeiod] thechghedus HE jolutiom(B) sdetwesen abott OUScrifses fldliboei20
(3) and the gasg ri ses an 2/ 3 m xture and wherein the relative
speed of sepal afyon Ret ueen, Lhe £111.cO0 () unerein the reative oot of Spih0E

and the surf acebetiveemﬂaemnmo(is) ahiF theclurfaceoof th8aquesusIEF soietiora(3) is bebwéenubbite C

and about 205 0.5 e/ SRG about 3.0 ¢ The ret hod according to claim 10
wherein the rel aflve spee(?blf Separation bet ween the silicon (1) and
the surface of #he af MY?@Oﬂ@lEéﬂ\ﬁ%éh wihsein thessubstoates (10 ands ec
and about 3.0 cnieaﬁpldbath (3) aﬁm&ﬁb%ﬁtéﬂhéﬁzhﬂﬂ'ﬁalﬂf claims 1
;gpérlat \é\/nde[)sI |nl ?‘?l ng. %Etg{)fﬁ @ntg&n e ?ftﬁ@“fl% éﬁ? Ep’b‘g’%ﬁe‘“ "')s“gs@? D epd,
net hod accor di n§etliguidhadn @'eéﬂ’aéﬂ bix draining the liquid drom thetbath @ubstrate (1) and

the l'iquid hathiare memdccbwu@'wmymdﬂmmg%mf&mmm@i&m

path (3) o COER a08, bib BBNOE St B o cquiipets f . crsan achos, ¢
consi sting of asyréestantsagd selid additiyss. surfactants and sol i d add| tives.

15. The nethod1§f cTi Methdd vh@sigi M WhérGinashid 4 feabt cAB AAAB fsiak Acid Hgb%uz

Seldtted

lected f ,
F1 06 -and Hoy o the ot ki SR Kabor Suos, Hoio, HHEE: TG e b
sol ution coffai A% a THemethed of claia H‘swherem saidaquequ solptiameantainsgr mixgure of acids

consi sting of HdléctidFym thedr6¥ ¢dnbisting ST HCIAIY,, MYBOMBIC], H;PO,/ Jahd B SO4.
17.  The nethodp f Mf of clainms 14 to 16, V\/nerel n said acid i.s added to
give a conc@ % 0o of up to 50% by V\Blg 18. The net hod of
cl ai m 14 wher ei h7 sal'g‘ed!’eth%gﬁa"&ﬂ@ Qf rRims 4 to & ,avhmgaﬁdecldes yided to give a

se! ected from t bencentestipn oﬂﬂpmo%\gy@ﬁelg}mr mc acid, acetic acid and_ citric
75 e a 1200 18 TSRS et s d BB i 0o

selected from the group consisting of formic acid, acetic acid and citric acid.
19.  The method of claim 18 wherein said organic acid is added to give a final
concentration of up to about 80% by weight.
20.  The method of claim 14 wherein said surfactant is added to give a final

25  concentration of up to about 5% by weight.
21.  The method of claim 14 wherein said solid additive is NH,F.
22.  The method of claim 14 wherein said solid additive is added to give a final
concentration of up to about 50% by weight.
23.  The method according to anyone of claims 1 to 22, wherein the method is carried

30  out at a temperature between 0 and 100 degrees Celsius.
24.  The method according to claim 23 wherein the method is carried out at a
temperature between 20 and 50 degrees Celsius.
25. The method according to anyone of claims 3 to 24, wherein the proportion of O,
in the 0,/0; gas mixture is between 1 mg and 0.5 g per liter of 0,/O; gas mixture.

35 26. A method of drying a substrate surface (1) and making it hydrophilic,
comprising:
dipping the substrate into a liquid bath (2); _
contacting the surface with a gas that causes the surface to become hydrophilic; and '

0]
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20. The nmethod of claim 14 wherein said surfactant is add
final 25 concentration of up to ahout 5% by weight. T”mm m M“m‘j
of claim 14 wherein said solid addi
claim 14 wherein said solid additi ﬁHIS’%%—fE '&%{:BEEN /e a f| nal
\/_\\RP1|

concentrati on b opiiy7i0 about 50% H 28. The npthRfberBsar di Ng
to anyone of clains 1 to 22, wherein the method is carried 30 out at a
tenperature between 0 and 100 degrees Cel si 24. The net hod
according to claim 23 wherein the nethod is carrled out at a

t enper at ur e betepaeating Gheasubistiite (19 gndthe ligeids(3)at a rate such £t the iguidadriios from the

accor ding to anyaRGeAurideAtiEfebd drfingthe sbfigicei n L he proport' on of CB

in the OZ/CBg ure. i and05 2/CB

i Xt ur e. "™ e etod of St 2% fthen it Sob e an Qb fas ik

it hydr ophi i cthehqmda:mnp)vhwh ng: di ppi ng the subst rate into a li qU| d
bath (2); 7 e
o becoms hy dr %:sﬁfﬁ?r‘:ﬂé ﬂgfahé‘%xtﬁ'zlgﬁéﬁx%lu%é 51%%@}5& Rirack JiSthe liiSolved 6,265
PCT] EP96/ 03541 > an ' 9

separ ati ng t he tisafixpiid dtains(fiom thedutfiice tieczmse of a( aiffemxceaxnrsatfacesuanﬁimt baawednlthe
liquid drains f &‘cnﬁe m*fé surface.
27. The net ho qo@ | al mbf%nt?k‘ ?I"ggéq SI n | sso VI n%V as
mxture in 28; he The gisthgd of %Pg?h‘?éﬁz with a

gas includge caepazates fngm tthecliquid imldtecomesrh)tdk@hdlcsxpodl vadacDR/ithdhe gas afigas

m xture; and W&gf}dng Hiedigdi@i ns fromthe surface because of a
difference in s

ace tensl,o et ween t he the substrate
surface and the® an'f‘a“%ia?é’g RRYANE AEClaimssh, rzagét%%f? f said su gate‘s#l@wd
met hod of cl ai rfrotb thergrodp cmlmﬁismgserhsbmchtbrsmthm mtalsyglaszqcm:ilylasues it 10

separates fromgphe *mgﬁ% ﬁweraﬁ' agmsdf %5;5 50 ua%ﬂaﬁeﬁa %s%u%wsa&edgas
ft t f
2| ale;ns 1, 45 S?%@“é&%ﬁ%ﬁm@%& %qmsma‘efwg: der-% frgnmy'? ﬂg °

group conprising 'sem conductors, ceramcs, netals, glass and pl asti cs.

30. The nethod of anyone of cIainB 1, 2, 26 to 30, wherein said substrate
is selected 15 fromthe group of physical fromconprising wafers, plates
and di scs. _
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